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Med leti 2009 in 2010 je potekal poljski poskus, kjer smo preucevali ucinkovitost metode
privabilnih posevkov za zmanjSevanje poskodb kapusovih bolhacgev (Phyllotreta spp.) in
kapusovih stenic (Eurydema spp.) na glavni rastlinski vrsti, na dveh hibridih zelja. Kot
privabilne posevke smo uporabili  krmno ogr&éico (Brassica napus [L.] ssp. oleifera f.
biennis), belo gorjusSico (Snapis alba [L.]) in oljno redkev (Raphanus sativus [L.] var.
oleiformis). Poskus je potekal na dveh razliénih lokacijah, na Laboratorijskem polju
Biotehniske fakultete v Ljubljani in na njivi v vasi Zgornja Lipnica v ob¢ini Radovljica
Obseg poskodb Phyllotreta spp. je bil ngjvi§i na oljni redkvi, medtem ko so se Eurydema
spp.  najbolj intenzivno prehranjevale na krmni ogr&ici. Kapusove bolhace smo najprej
opazili v za¢etku maja, medtem ko se kapusove stenice zacele pojavljati v drugi polovici
magja. Ugotovili smo, da se dovzetnost rastlin za poskodbe predstavnikov rodov Phyllotreta
in Eurydema med rastno dobo spreminja, kar lahko pripiSemo naravni odpornosti rastlin.
Ugotovili smo, da se vsebnost glukozinolatov razlikuje med posameznimi rastlinskimi
vrstami, med posameznimi organi iste rastlinske vrste rastlin. Vsebnost paje pogojenatudi
z okoljskimi vplivi. Glukobrasicin je bil prisoten v vseh rastlinskih vrstah, v skorgj vseh pa
je zavira prehranjevanje kapusovih bolhatev, razen v krmni ogr&ici, kjer je v tgj zvezi
deloval stimulativno. Ugotavljamo, da se vpliv posameznega glukozinolata na vrste iz
rodov Phyllotreta in Eurydema razlikuje med posameznimi rastlinskimi vrstami. Zaradi
variabilnosti glukozinolatov, kot tudi razli¢ne preference preucevanih skupin skodljiveev
do obravnavanih rastlinskih vrst, kot moznost izrabe glukozinolatov v varstvu rastlin
izpostavljamo uporaba meSanih privabilnih posevkov kriznic. S tem bi omogocili SirSo
dostopnost metode v razli¢nih pridel ovalnih sistemih in na geografsko razli¢nih lokacijah.
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Between 2009 and 2010 we carried out a field experiment studying the effectiveness of a
trap crop method for reducing the damage done by cabbage flea beetles (Phyllotreta spp.)
and cabbage stink bugs (Eurydema spp.) on the main crops, which were two cabbage
hybrids. Qil rape (Brassica napus [L.] ssp. oleifera f. biennis), white mustard (Sinapis alba
L.) and ail radish (Raphanus sativus [L.] var. oleiformis) were used as trap crops. The
experiment was carried out a two different locations — at the Laboratory field of the
Biotechnical Faculty in Ljubljana and at a field in the village Zgornja Lipnica in the
municipality Radovljica. The extent of damage done by cabbage flea beetles was highest
on oil radish, while cabbage stink bugs most frequently fed on oil rape. Cabbage flea
beetles were in our study first naticed in the beginning of May, while cabbage stink bugs
began appearing in the second half of May. Susceptibility of plants to damage done by
Phyllotreta spp. and Eurydema spp. during the growth period varies. The reason that
susceptibility of plants varied during the growth period can be explained by natural
resistance of plants. Among the parameters of natura resistance on which our study
focused are also glucosinolates. Our study found out that the content of glucosinolates
differs between individua plant species, as well as between individual plant organs. The
content of glucosinolates is conditioned aso by environmenta influences. Among the
analysed glucosinolates, glucobrassicin was present in all plant species. In aimost all plant
species it inhibited the feeding of cabbage flea beetles, except in ail rape, where it had
stimulative effects. We have established that the influence of individua glucosinolate on
Phyllotreta spp. and Eurydema spp. is not identical as it differs between individua plant
species. Because of the variability of glucosinolates, as well as different preferences of the
studied groups of harmful pestsin regard to the said plant species, one of the optionsis the
application of mixed crops. Thus we would enable wider accessibility of the method in
different systems of production, aswell as at geographically different locations
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1 uvoD

Skrb za okolje ima pri zmanjSevanju Stevil¢nosti Skodljivih Zuzelk, med katere uvr&¢amo
tudi kapusove stenice (Eurydema spp.) in kapusove bolhace (Phyllotreta spp.), ki jih
obravnavamo v pric¢ujoci disertaciji, vedno vecji pomen. V tg zvezi se v zadnjih desetih
letih na razli¢nih obmogjih sveta (Osakabe in Honda, 2002; Soroka in sod., 2005; Hummel
in sod., 2009; Olson in sod., 2012; Wallingford in sod., 2013) izvajgjo raziskave okoljsko
sprejemljivih nacinov njihovega zatiranja, z namenom implementacije takSnih nacinov v
pridelavo ziveza. Nujnost razvoja okoljsko sprejemljivih natinov zatiranja kapusovih
bolhacev in kapusovih stenic v Sloveniji pogojuje tudi dgjstvo, da za zatiranje kapusovih
stenic nimamo registriranega insekticida, medtem ko lahko kapusove bolhace zatiramo le z
insekticidi na podlagi lambda-cihalotrina, alfa-cipermetrina in azadirahtina A (Seznam
registriranih ..., 2013).

Zaradi obrambnih mehanizmov rastlin se 3kodljivi organizmi velikokrat pojavljgo na
samo doloc¢enih delih rastlin. Rastline se pred svojimi napadalci branijo narazli¢ne nacine.
Nekaterim rastlinam pri obrambi pred Skodljivci pomaga odebeljena kutikula, druge
rastline varuje epikutikularni vosek na povrhnjici (Stoner, 1992a), spet tretje rastline kot
obrambni mehanizem uporabljgjo trihome (Stoner, 1992b; Tian in sod., 2012), trne, bodice
in druge dele rastlinskih organov (Harrewijn in sod., 1995). Lahko pa rastline v namen
obrambe pred Skodljivimi organizmi izkoris¢gjo tudi sekundarni metabolite (Hadacek,
2002).

Rastlinske vrste, ki smo jih vkljucili v naSe poskuse, uvr&amo v druzino kriznic. Med
kriznice (Brassicaceae) uvrscamo 3200 rastlinskih vrst, ki so po svoji uporabnosti lahko
krmne rastline, zelenjadnice, okrasne rastline ali pa le pleveli (Ahuja in sod., 2010). Med
kriznicami, ki jim pripisujemo zelo velik pomen v pridelavi Ziveza so zelje (Brassica
oleracea L. var. capitata L.), cvetaca (Brassica oleracea L. var. botrytis Alef.), brokoli
(Brassica oleracea L. convar. botrytis L. var. italica Plenk), brsticni ohrovt (Brassica
olearacea L. var. gemmifera D.C.) in S nekatere druge (Osvald in Kogoj-Osvald, 2005;
Ahujain sod., 2010).

Med zelenjadnicami, ki jih v Sloveniji pridelujemo na 1498 ha, je za pridelavo kapusnic
namenjenih 442 ha oziroma 29,50 % povrsin pod zelenjadnicami (Popis trznega vrtnarstva,
2010). Zelje spada med ngjbolj razsirjene kapusnice (Osvald in Kogoj-Osvald, 2005; Maiti
in sod., 2012), pridelava zelja pa je v Evropi pomembna kmetijska panoga (Trdan in sod.,
2005b). Vrsta, ki prvotno izvira iz obale Sredozemskega morja, spada med toplotno
srednje zahtevne vrtnine (Osvald in Kogoj-Osvald, 2005; Maiti in sod., 2012).

Krmna ogrscico lahko uspesno vkljucimo v kolobar, je pa tudi pomemben vir krme za
zivino (Valantin-Morison in sod., 2007). Bela gorjuSica predstavlja v nekaterih primerih
uspesen varovalni posevek, kot tudi oljna redkev (Talgre in sod., 2011). Rastlinski deli
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oljne redkve, nadzemski in podzemni, pa so pomemben vir zivalske krme (Dixon, 2007).
Pridelovanje v razli¢cnih podnebnih razmerah (Bjorkman in sod., 2011) je kriznicam
omogocilo velik pomen v rastlinski pridelavi in marsikje pridelovalcem zagotavljgjo
soliden dohodek (Vaughn in Berhow, 2005).

Obe skupini preucevanih Skodljivcev, kapusove stenice (Eurydema spp.) in kapusovi
bolhaci (Phyllotreta spp.), spadata med polifage, kar pomeni, da povzro¢gjo skodo na
razlicnin  rastlinskih  vrstah iz druzine kriznic. Kapusovi bolhati (Coleoptera,
Chrysomelidae) (Priloga A2) predstavljgio eno od kljucnih skupin skodljivcev na
kapusnicah (Trdan in sod., 2005b). V Sloveniji se najpogosteje pojavljajo vrste Phyllotreta
armoraciae (Koch), Phyllotreta undulata (Kutchera), Phyllotreta nemorum (L.),
Phyllotreta striolata (Fabricius), Phyllotreta atra (Fabricius) in Phyllotreta vittula
(Redtenbacher) (Brelih in sod., 2003). Kapusovi bolhati prezimijo kot odrasli osebki
(Vrabl, 1992) in imajo v srednji Evropi navadno en rod na leto (Trdan in sod., 2005b).
Pojav odpornosti na sintetiéne insekticide je pri njih precg pogost (Trdan in sod., 2005b).
Kapusovi bolha¢i z nacinom prehranjevanja povzrocgo izjede na listih (Vrabl, 1992) in
posledi¢cno lahko celo povzrocijo propad rastlin  (Palaniswamy in Lamb, 1992).
Pojavljanje teh Skodljivcev v poznejSih razvojnih stadijih kot posledica neenakomerne rasti
rastlin, zmanj%ane koli¢ina semena in podobno, pa lahko vpliva na manjSo koli¢ino ali
kakovost pridelka (Tansey in sod., 2009) (Priloga A5).

Kapusove stenice (Heteroptera, Pentatomidae) uvr&camo med fitofagne stenice, ki sicer
predstavljgo 60 % znanih vrst stenic (Schafer in Panizzi, 2000). V Sloveniji sta med
kapusovimi stenicami najpogoste}S kapusova stenica (Eurydema oleracea L.) (Priloga Al)
in pisana stenica (Eurydema ventrale Kolenati) (Priloga A3) (Janezi¢, 1951; Vrabl, 1992).
Z imenom kapusove stenice namre¢ poimenujemo tako vrsto, kot tudi skupino vec vrst
stenic, ki se hranijo na zelju in nekaterih drugih kapusnicah. Janezi¢ (1951) opisuje stenice
kot Siroke ploXate Zuzelke, ki imajo prednja krila debelo usnjata in segajo do 2/3 njihove
dolZzine. Stenice z svojim nacinom prehranjevanja na listih povzrocijo bele pege. Ob
moc¢negjSem napadu je list prosojen, preluknjan. Rastlinsko tkivo znotrg teh pik je
nekrotizirano. Ce so podkodbe obseZne, se list oziroma rastlina lahko posusi. Poskodb je
sicer navadno najvec na mladih rastlinah, po kalitvi ali po presgjanju (Trdan in sod., 2006;
Bohinc in Trdan, 2011a). Za ocenjevanje poskodb kapusovih bolhatev smo v nas
raziskavi uporabili 5-stopenjsko lestvico EPPO (OEPP/EPPO, 2002), medtem ko smo
ocenjevanje poskodb kapusovih stenic izvedli s 6-stopenjsko lestvico Stonerjeve in
Sheltona (1998). Najvi§a ocena na lestvici, ki je bila namenjena ocenjevanju poSkodb
kapusovih bolhacev, predstavlja vec kot 25 % poskodovane listne povrSine, medtem ko je
ve¢ kot 50 % poskodovane listne povrSine po lestvici Stonerjeve in Sheltonona
ovrednoteno kot ocena 6.

Glede na podatke iz Seznama registriranih fitofarmacevtskih sredstev (2013) je v Sloveniji
za zatiranje kapusovih bolha¢ev dovoljena uporaba insekticida Fastac 100 EC, medtem ko
za zatiranje kapusovih stenic ni registriranega nobenega insekticida. Za zatiranje bolhacev
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lahko uporabljamo tudi pripravek Karate Zeon 5 CS (aktivna snov lambda cihalotrin)
(Seznam registriranih..., 2013). Med insekticidi, ki so dovoljeni v integrirani pridelavi
kapusnic za zatiranje kapusovih bolhacev, ngjdemo poleg pripravkov Karate Zeon 5 CS in
Fastac 100 EC (aktivna snov alfa cipermetrin) tudi pripravek Neemazal — T/S (aktivha
snov azadirahtin A) (Tehnoloska navodila ..., 2013). Stevilne insekticide, katerih uporaba
je v Evropi in Sloveniji prepovedana, pa Se vedno uporabljgo na nekaterih drugih
obmogjih sveta; na Kitgjskem, v Ameriki (Andersen in sod., 2006; Trdan in sod., 2006;
Tansey in sod., 2009; Chenin sod., 2012).

V Tehnoloskih navodilih za integrirano pridelavo zelenjave (2013) je kot pomemben
alternativni ukrep za zmanjSevanje poskodb na razli¢nih gostiteljskih rastlinah navedena
uporaba zaXitnih mrez oziroma prekrivk. Ug¢inkovitost prekrivk iz 100 % propilena so
potrdili tudi Andersen in sod. (2006). Poleg tega v tg zvezi priporo¢go vse ukrepe, ki
spodbujajo rast rastlin. Posebnih alternativnin metod za zmanjSevanje Skodljivosti
kapusovih stenic v omenjenih navodilih ni navedenih. Ker smo zeleli preuciti doslg Se
nepreucene alternativne metode v varstvu kapusnic za zatiranje kapusovih bolhacev in
kapusovih stenic, smo v letih 2009 in 2010 preucevali delovanje privabilnih posevkov.

Pri metodi privabilnih posevkov izkoris&¢amo lastnosti za Skodljivce dovzetnih rastlin. Te
posadimo oziroma posgemo med rastline glavnega posevka ali v njegovo blizino, z
namenom, da bi na dovzetne rastline privabili skodljivce in obenem zmanjSali njihovo
Stevil¢nost na glavnem posevku (Gray in Koch, 2002; Wallingford in sod., 2013). Metoda
privabilnih posevkov pride do izraza tudi takrat, ko glavni posevek nima odpornosti na
Skodljivega organizma oziroma za njegovo zatiranje ni registriranih kemi¢nih pripravkov.

Lastnosti gostiteljskih rastlin sicer lahko izkoris¢amo tudi pri drugih okoljsko sprejemljivih
ukrepih varstva rastlin; medsetvah (angl. intercropping), varovalnih posevkih (angl. cover
crops) in drugih (Cook in sod., 2006). Tako lahko pri metodi privabilnih posevkov
izkoris¢amo rastlinske vrste, ki pripadajo istemu botanicnemu rodu kot glavni posevek
oziroma za privabilni posevek uporabimo rastline, ki spadajo v druge botani¢ne druzine.

V primeru, ko rastlinske vrste privabilnih posevkov spadajo v enako botani¢no skupino kot
rastline glavnega posevka, lahko predstavniki razli¢nih vrst pri obrambi pred Skodljivci
izrabljgjo iste parametre antiksenoze (Safraz in sod., 2007; Tansey in sod., 2010). Med
taksne na primer spadajo sekundarni metaboliti. Pomen sekundarnih metabolitov rastlin je
v varstvu rastlin v zadnjih letih predmet Stevilnih raziskav (Ahuja in sod., 2010).
Glukozinolatom, kot specifi¢cnim sekundarnim metabolitom, ki se nahgjgjo v kriznicah, se
namrec v stevilnih raziskavah pripisuje pomen pri naravni odpornosti rastlin na skodljivce
(Ahujain sod., 2010). Glukozinolati se sicer pojavljajo v rastlinskih vrstah iz 13 razli¢nih
botani¢nih druZin (Newton in sod., 2009).

Vsebnost glukozinolatov je pogojena tudi z rastlinsko vrsto (Moyes in sod., 2007),
razlicnimi organi iste rastlinske vrste (Fahey in sod., 2001), razvojnim stadijem rastline
(Lambdon in sod., 2003), rezultati raziskav nekaterih avtorjev pa kazejo tudi na vpliv
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okoljskih dejavnikov na vsebnost glukozinolatov v rastlinah (Velasco in sod., 2007). Van
Doorn in sod. (1999) navajajo, da na vsebnost glukozinolatov vplivajo tudi Skodljivi
organizmi, tako povzrocitelji bolezni kot povzrocitelji poSkodb.

Vsebnost glukozinolatov v rastlinah naj bi imela razlicne vplive na skodljive zuzelke.
Nekatere monofagne Skodljive vrste lahko glukozinolate uspeSno razgradijo v manj
Skodljive produkte, druge vrste, tako monofagne kot polifagne, pa lahko glukozinolate
uporabijo za svojo obrambo (Poelman in sod., 2008). Tako je bilo na primer ugotovljeno,
da je vitalnost polonic Adalia bipunctata (L.) in Coccinella semptempunctata (L.), ki se
hranijo z licinkami mokaste kapusove usi (Brevicoryne brassicae), odvisna od vsebnosti
sinigrina (Prat in sod., 2008). Sinigrin namre¢ negativno vpliva na vrsto A. bipunctata, na
polonico C. semptempunctata pa niso ugotovili kakrdnegakoli vpliva (Prat in sod., 2008).

Glukozinolati, predvsem njihovi razgradni produkti, lahko delujgjo tudi na talne skodljive
organizme (proces biofumigacije) (Gimsing in Kirkegard, 2009). Vpliv glukozinolatov na
koristne organizme pa tudi ni zanemarljiv, sg posledi¢no - udeleZzeni so namret v
Skodljivih organizmih, s katerimi se naravni sovrazniki hranijo (npr. mokaste kapusove
usi) -, delujgo negativno na njene naravne sovraznike (Kosin sod., 2012).

Omenjene sekundarne metabolite lahko razdelimo natri kemi¢ne skupine, in sicer glede na
aminokidino, na katero so vezani (Hopkins in sod., 1998). Alifatski glukozinolati
vsebujejo metionin, indolni so vezani na triptofan, medtem ko aromatski vkljucujgo
tirozin ali fenilalanin (Padilla in sod., 2006). V kapusnicah so najpomembnes alifatski
glukozinolati. Glukozinolati so kemi¢ne spojine, katerih vsebnost se v rastlini oziroma v
njenih listih spreminja glede na razvojni stadij rastlin. Vsebnost le-teh ng bi bilavi§av
mladih listih, kar bi lahko pomenilo, da se dovzetnost rastlin za napade skodljivcev proti
koncu rastne dobe povecuje (Lambdon in sod., 2003). Pri hidrolizi glukozinolatov nastane
vrsta fiziolosko aktivnih komponent, vklju¢no z izotiocianati, nitrili, tiocianati in
oksazolidintioni (Al-Gendy in sod., 2010).

Izmed aromatskih glukozinolatov smo v nadi raziskavi ugotavljali prisotnost sinalbina in
glukonasturtiina, med indolnimi nas je zanimala prisotnost glukobrasicina. V skupini
alifatskih glukozinolatov smo se osredotocili na vsebnost glukoiberina, progoitrina,
epiprogoitrina, sinigrina, glukonapinain glukorafenina.

V nadaljevanju so predstavljene strukturne formule glukozinolatov, ki smo jih andizirali v
nas raziskavi (Chemical Book, 2010). Ime glukozinolata je napisano v levem spodnjem
kotu pod strukturno formulo.
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Slika 1: Strukturne formule glukozinolatov, ki smo jih analizirali v naS raziskavi
Figure 1: Glucosinolates, analysed in our survey, presented by structural classes

V raziskavi smo zeleli preuciti sezonsko dinamiko predstavnikov dveh rodov Skodljivcev,
kapusovih stenic (Eurydema spp.) in kapusovih bolhacev (Phyllotreta spp.), na dveh
lokacijah v Sloveniji. Anadlizirali smo sestavo glukozinolatov v dveh hibridih belega zelja
in treh vrstah kriznic (bele gorjusice [Snapis alba], krmne ogrsCice [Brassica napus spp.
oleifera f. biennis] in oljne redkve [Raphanus sativus var. oleiformis]), z namenom, da bi
preucili interakcije med vsebnostjo glukozinolatov v rastlinah in obsegom poskodb zaradi
hranjenja preucevanih skodljivcev.

Postavili smo naslednje hipoteze:

razlicne koncentracije in razmerja med glukozinolati v rastlinah privabilnih posevkov
vplivajo na njihovo razli¢no dovzetnost za kapusove stenice in kapusove bolhace, zato
predvidevamo, da so razli¢no ustrezne za privabljanje preucevanih skodljivcev.
predvidevamo, da je vsebnost glukozinolatov razlicna med posameznimi organi iste
rastlinske vrste, kar posledicno na njih vodi do razlicnega obsega poskodb zaradi
hranjenja preucevanih skupin skodljivcev.

domnevamo, da na vsebnost sekundarnih metabolitov (glukozinolatov) v preuc¢evanih
kriznicah vplivajo tudi okoljski dejavniki, predvsem temperatura zraka.
predpostavijamo, da obstgja povezava med vrsto glukozinolatov in
obcutljivostjo/odpornostjo rastlinskih vrst na napad preucevanih skodljivcev.

obseg poskodb, ki jih povzro¢gjo preu¢evani Skodljivci, je odvisen tudi od natel dobre
kmetijske prakse in upostevanja agrotehni¢nih ukrepov. V ta namen bomo izpostavili
povezavo med povprecnim indeksom poskodb Skodljivcev skozi rastno dobo in
morfoloskimi lastnostmi rastlin privabilnih posevkov in zelja kotglavne rastlinske vrste.
z izhiro rastlinskih vrst, ki se med seboj razlikujejo tudi po dolZini rastne dobe, Zelimo
vplivati tudi na bionomijo preucevanih skupin 3kodljivcev, Phyllotreta spp. in
Eurydema spp. Predvidevamo, da obstgjajo razlike v dovzetnosti za poskodbe tudi med
dvema kultivarjema zelja, ki se med seboj razlikujeta v dolzini rastne dobe.
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2 ZNANSTVENI CLANKI

2.1 POVEZAVA MED KONCENTRACIJO GLUKOZINOLATOV IN OBSEGOM
POSKODB KAPUSOVIH STENIC (Eurydema spp., Heteroptera: Pentatomidag)
NA RAZLICNIH KRIZNICAH

BOHINC, Tanja, HRASTAR, Robert, KOSIR, Iztok JoZein TRDAN Stanislav
Association between glucosinolate concentration and injuries caused by cabbage stink bugs
Eurydema spp. (Heteroptera: Pentatomidae) on different Brassicas.

Acta Scientiarum Agronomy, 2013, 35: 1-8.

Prejeto: 27. 12. 2011, sprejeto: 19.03.2012

V letu 2010 smo vsebnost glukozinolatov preucevali v razli¢nih vrstah kriznic, z namenom
preucitve vpliva vsebnosti teh sekundarnih metabolitov na obseg poskodb kapusovih stenic
(Eurydema spp.). NaSa raziskava je potrdila, da vsebnost glukozinolatov variira med
posameznimi rastlinskimi vrstami in razlicnimi organi iste rastlinske vrste. Ugotavljamo,
da je vsebnost glukozinolatov pogojena tudi s terminom ocenjevanja. V nasih vzorcih so
previadovali alifatski glukozinolati (glukoiberin, progoitrin, epiprogoitrin, sinigrin,
glukonapin, glukoraphenin, sinalbin). Prisotnost glukobrasicina (pomembnega indolnega
glukozinolata) smo potrdili v vseh kriznicah v poskusu. Vsebnost glukobrasicina je bila
signifikatno najvi§a v vzorcih oljne redkve v prvem terminu ocenjevanja (30 dni po
sgjenju, 8,84+0,65 pmol/g mase suhega semena), medtem ko smo v vzorcih krmne
ogr&ice ugotovili signifikatno najniZjo vsebnost omenjenega glukozinolata v zadnjem
terminu ocenjevanja (134 dni po sgenju, 4,30+0,80 pmol/g mase suhega semena).
Stimulativno delovanje posameznega glukozinolata oziroma negativen vpliv na hranjenje
kapusovih stenic v kriznicah, uporabljenih v poskusu, ni bilo povsod enako izrazeno. Na
podlagi rezultatov dvoletnega poljskega poskusa v letih 2009 in 2010 lahko trdimo, da je
krmna ogr&¢ica ngjbolj ustrezen privabilni posevek za kapusove stenice. V prihodnosti bi
lahko vsebnost glukozinolatov v kriznicah predstavljalaa pomeben dejavnik pri naSem
odloc¢anju za pridelavo omenjenih rastlin v razmerah, kjer se pojavljgo in povzrocao
Skodo kapusove stenice.
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Association between glucosinolate concentration and injuries
caused by cabbage stink bugs Eurydema spp. (Heteroptera:
Pentatomidae) on different Brassicas

Tanja Bohinc", Robert Hrastar’, Iztok Jo#e Kosir' and Stanislav Trdan'

"Uinkaarsify of Ljuhians, Rioteehnizal Facufy, Dapadmant of Agmneny, Jamnkagews 109, Sk1111 Lubiane, {iubijans, Sovania, *Depanment of
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E-mail: tanya. bakined grmail com

ABSTRACT. In 2010, we were determining the contents of plucosinolates in different Brassicas in order
tw study their influence on teeding of eabhage stink bugs (Hurpdema spp) and the consequent extent of
damage. We confirmed thar glueosinelates eontent depends on plant specics, plant organs and the dme of
ampling. In the smples aliphatic plucnsinolares (gocoibering, progoitring epipropeiTing, cpiprog@oton,
sinigrin, gluconapin, glucoraphenin, sinalbin) prevailed. Glucobrassicin, an mportznt indelic gluccsinolate
compound, was detecied inall esed Brssices. 16 concentration in the oil radish samples was highest
during the first asscssment {30 DAS), 884 = 065 pmol g ds, while the oilsecd rape samples displayed
lorweest concentrabion during e last sssessment {124 12A5), 4.30 £ 080 pmol g' ds. The stmuladve activigy of
indrvidual glueosinolates or their negatve influcnce on fecding of cabbage stink bags in the Brassicss vsed in our
experiment was not uniformby manifested. Based on 2 peo-year field experiment we concluded that oil rape was
the mast adequate trap crop nsed @ allure cabbape sank bugs. In fumure, guorsnolaes should be employed wa
greater extent in envircnmentally acceprable ways of food production, one af which is alsn the use of trap crops in
arder w reduce harmitul effeets of cabbage stnk bugs.

Haywords: Plvvoclheniicals, cablbage stink bugs, cabbage, white muszard.

Associagdo entre a concentragio glucosinolada e danos causados pelo percevejo Eurydema
spp. (Heteroptera: Pentatomidae) em diferentes gramineas

RESUMO. Emn 2010 o comedde de ghaeosinclaes em diferentes plantas brissicas foi determinade pan
estiwdar 2 infludncia sobre a alimentagio de perecvejos de repolhe  (Harpderta spp.) ¢ a oxtensio do dano
causado, Através do método do culivo armadilha, durante o periodo de crescimento foram amostradas as
parres afreas de dleo de colzs, mostarda brapea, nabo foreageiro e dois hibridos de repolho branco, O
contetido de glucosinolatos depende das espécies de plantas, Srpios de plantas ¢ periodo da amostragem.
Predominaram nas amosras ns plecosinolans alifitiens  (plucoibering, prognitring, epipropoitring,
sinigrina, gluconaping, glucoraphenina, sinalbina). A glucobrassicing foi detectada cm todas as brdssicas
regfadas. ¥ua concentragin no naho forrapeivo f0i mais alm na primedm avaliagio (30 DAS), 8.84 £ 065
pmol g de, enguanto houve a menor concentragio no dleo de eolza durante a dltima avaliagio (134 DAS),
430 % B0 pmal g ds. Considerando o esperinente de dois anos, conclui-se que o &leo de colza foi o
mais adequado como eultive armadilha para arrair o percevejo do repolho. Gluccsinolatos podem ser
usados no futuro mais extensivamente em virias modalidades de produgdc de alimentos, entre as quais o
cmprego de culdvo armadilha para diminwir os danos do percevejo do repolho.

Palavras-chave: fitoquimicas, percevajo do repolto, repolho, nabo forrageino, mostards branca,

Introduction {AL-CENDY et al., 2010; BJORKMAN et al,

Secondary membolites (KLIEBENSTEIN et al, 2011), present particularly i the Brassicaccae
2001 are ofien said w be impontnt facwors of plans’ tamily (GRIFFITHS et al. 2001; JOHNSON,
resistance o biotic (WINDE; WITTSTOCK, 2011)and ~ 2002; DE VILLENA et al., 2007; CARTEA et al.,
abivtic stress (Bjorkman ct al, 2011), Glucosinobaes are 2008 BLAZEVIC, MASTELIC, 2009, AL-
classificd = the secondary mictabolites GENDY e al, 2010; MULLER, et al., 2010
(KLIEBEMNSTEIM et al., 2005; SILVA CARVALHO YANG et al., 2010; B_]ORKJ‘U‘L'“LN et al, 2011;
et al, 20H0), charactersuc for the Caparales order WINDE; WITTSTOCK, 2011).

Aheta Schentiarum. Agronary Maring4, v. 35 n 1, p. 1-8, Jan Mar., 2013
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Dfferent Vrassicaceac spocies arc pmpoteoe fron
the yguoomicl (FONT el al, 2005 VAUGHDN;
TERHOW, 2005 CARTEA et al., 2008; BLAZEVIC;
MASTELG, 0 HASASN: AMNSARL, 2011) and the
coomrmic ot of view (RAYBOULTY, MOYES, 2000;
YAUGHM: DERHORW, 2005, Glucosinolates  are
compased of the BD-ghucan groap, the fonenonal
gromp of suiphatzl mdme and a vanabie sde-chun
(BEERWILDER et al, 2008 VIG oo al, 2005 AL
IR et al, 2000). Ghaosinolates are aceorditr o
dwar side-cham catcporised & aliphacic, mdole aml
srurnate (CARTEA; YELASCCY, 2008, VAN EYT EM
et oal, ANEY and e conccntration of these warics
epseent andradual  plane ormes (FAHEY
et al, 2001, WINDE, WITTSTOCK, 2001), plot
gpecies (AMOYES of al, 2000 CHAPLIN-ERAMER
ct ab, 21, developroenal stgges of the sume plul
gpecies (DE VILLEMNA et al, 2007 CARTEA <t 4,
2008 SARTKAMIG; YANMAZ, 2011}, and 3t depends
alsi £n wiathor o dFH T WETASCIO
sLal, 2007, WINDE; WIT'TS IOCK, 20115,

The lwdrolms o gleoosmolates creates several
phosiolomally actve components,  wcludag
istalbyoczanates, oiles, thvocames sod woeeliduones
(BROWGM, MORRA, 1990, DEEEWILDEER. o al,
0E; VIG ed al., 2009; BLAZEVIC; MASTELIC, 2009),
These components and also glucosinclates a5 2 wile
can prodecy plnts Tom mfcchons by pathogens
(HOPKINS et al, 1998 BLAZEVIC; MASTELIC,
I and altacks of gencralists (HOPEIMNS o al., 199%;
MOYES e al, 2000, HOOKS, JOHNSOM, 2003),
whibe their mflucne: on specialists 15 offen stinmalatoee
{HOPKIMNS et oal, 1998, MOWES, ct al. 2000
HOOKES: JOHMSOMN, 2008 MULLER, 2004
MULLER ¢t al, 2010; CHAPTIN- KRAMER et i,
20013,

Armumiy the pests that can fest Brassicas, cablage
sank bugs Furpdema spp. (Fleeroptery: Peravodtdae)
feed on cuter leaves of older phos developing bronz
dizcoloraucns, and when they suck on young plants,
Lright spoedks ame che symtoms cased by cheir feedig
(TRDAN ec al, 200G DEMIRTL, 2009, CLTEZ,
KARSAVURAN, 2010, BARIC; PAJAC, 201}, 'I'rdan
el al. (2006} in enc of de previous shadies confimmed
eheir detrunental cficets on cabbape crops. Char stuehy
was spurresd b ghe face 'th:lF mhl'm_.;ri stink bug in the
Soazh-Bast Furope (BARIC: PAJAC, NH1) and Asi
Minor (DEMIBEL, 2009 sigmufeeanty harm che fimiby
Brazsicacess, and o seems chae ther populsoon densisy
and thuys hannfulaess are moreiemy, and also by e St
that somne couneries either lack registered insecticides o
thetr suppression of they have been drastcally reduced.
The study deals wath the wap crop mcthed which takes

Bohing et al.

aebvarrtage oof chancterstios of tose plane which are:
sipeeplble co barmid pests, This method belomgs wothe
g ol environmentlly acccptable methods  for
reducing the coonomic impact of hammful pests on
plants {TRDAN ceal, 20605, COOR ecal | M),

The purpose of our study was o eseblish
ghwrcsinele conent ja dlerent gpecies of Brassicas so
as o determine practical applications i prosection of
cabbage apinst cabbage stink bups “lhe councction
bepscen the exioat of dumage canesl by these pesls on
catlalze arnd the concentraben of gucosinelaes n this
Brassica lins 50 far mot been studied, the sarme helds woe
for the sigmbieance of gucosinolste comoentrtion in
oilseeel pape, white ieoind and ol rbish, whch baee
been wsed w s study m map cabboge stink bugs and
thus deter thesm feom zeding on cabbage,

Plant mateorial

le two-yzar feld cxperiment (2005-HHY was
carriedd oue inothe village Zporge Lipeca (6°1% N
Lagitocde, 147918 F longgomde, 5171 m abneve thiesea level) an
Skwerna, dunng the growth period in the secoml wear of
the cxperiment we were collecting samples of acleoed
aboe-the-ground pars of odsced rape (Frsdn aepe
[T} s olglers Fobisns), ov. Danels {supplicn
Semrcmarng Liubliama, 4. d, Tjubljany Slevenia), white
musterd  (Siagris albr [L]),  ov Zlam {supplier:
Semecnarmn Ljubljang, J d., Ljvblans, Slovema), oo
radish [Haphanns soimgs 1L | war olgfmmd), o Apoli
{sipplicr: Semnenarne [jubljaog, d d, J'_;iubl_;:;.ua‘
Shovenia), the carly lybrid of white cabhage (Bt
plevcea [L.| var. mpifat £ alba), o, Tucana' (supplivr:
Semenarma Lijebljme, o d, Tobljane Skeenia) and the
irierlirn-lie caldaee hybrid (Drossies o [L] var.
cupitryr £ albw), cv. TTinown' (producee: Bejo Zaden,
Warmenhuizen, The  MNetherlands; sapylien:
SAproprogress, d, o, o, Ljokljana, Slowenial.
Reld exvaluation

The Geld of 528 n1® weas diridod i fuar blocks,
where the three species of trp crops wele soned within
the plots il separawe treatments. and the fourth restment
was the control, where 1o map crop was sowedd (fure
surtace’, In each memment wes aleo soneed bodh cabibags:
Trybrids ia separaee suleplos. The mesmments within
blocks were armanged tandomly. The trap erops which
were weed for chennical analysis were sovword on the Apnl
149030108, wetwile the cabbuge was sowed outdoors on fhe
April 26 2004, The scedlings of cabbage were cultvated
m the Deparment of Agronomy's grecnbouse at the
Biotechnieal Faculty according o the prowoel
eleserabaeal in Tralan et al, 2009 The ayurnes caused by
the stink bugs on Brassicas were assessed by the G<prade
visudl seale (STOMNER; SHELTORN, 1988), which vex

=28 Scientsrum. Agror omy
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developed for assesaing the extent of damage done on
l::lh}ng: by v thirps (T dabart Lincderman], while
Trdan et al (2006) had successfully used a shighdy
modified scale w evaluate damage done on cabbage by
cabbage sunk bugs.

Glwosinclate analysis

Plant material for the analysis of glucosinolates
was sampled at different intervals, The marerial was
collected by saissors, Samiphng of cabbage leaves was
carried out at five different incervals (30 DAT (days
after rransplanung), 48 DAT, 66 DAT, 92 DAT and
111 DAT). Samplings of above-the-ground parts of
cilsecd rape was carmicd oot at five difforent mrervals
(30 DAS (days after sowning), 50 DAS, 78 DAS, 103
DAS, 134 DAS}, while the snmplinﬁ of qil radish
and white mustard was performed at Four intervals
ithe former at 30 DAS, 50 DAS, 65 DAS and 105
DAS of July; the latter ar 30 DAS, 50 DAS, 65 DAS
arl 78 TIAS).

Four samples of indrndoal plant species were
collected at individual iotervals of assessment. An
individual sample (the specified part of a plane
species) was the representative plant sample of one
block. When analysing glucosinolates, the analysis of
individual samples was repeated vwice. The matenal
was then freeze-dmed (up: LIO-10P; producer:
Kamba¢ Laboraroryska oprema, Semif, Slovenia)
and  homogenized  before  extraction of
glucosinolates. The lyoplulsed sanples were stored
in 50 ml booles in a freczer (type: UJ286S,
producer; Sanya) at -B0FC,

The pluccsinolate extraction and analysis were
performed  according w 1SO 9167:1-1992. As
intermal standards sinigrin or glucotropacolin (C,
Bicenmneermg ApS, Denmark) were added. The
extracted glucosinelates were purified on a 1.5 cm
DEAE Sephadex A-25 amon exchange column, The
column was washed cwice with 1 mL disalled water
loaded wath 2ml of the glucosinolates extract and
then washed oadce with 1 mL 20 mbM MNaAe-
solution and meated with sulphatase (75 pl and 25
mg mL". After an overmight reacthon at room
tenperature the desulfoglucosinolates were eloted
with disulled warer (2*1mL). The eluate was filered
over 0,45 um filer and then sample was ready for
HPLC analysis,

For GLS quantification, twenty microlitres of
desulfoglucosinolates solution were run on an
Agilent 1200 Series HPLC system (Pale Alin, CA,
UISAY at 2 Ml min™. The column was 2 Discovery
C18, 25 cm x 4.6 mm, 5 gm (Supelen). The mobile
phases were water and methanol, ranming tme: 28
min. The gradient changed as follows: 100% A for 1

min., then i 20 min. o 20% B, fo]!ns_m:d_h_li]_ﬂ:% B

Acta Seientarum. Agrenomy

for 5 min. Afterwards the column was equilibraced
at 100 % A for 3 mun. The desulfoglucosinolates
were detected with DAD detector ot 229 nm. The
desulfoglucosinolates were idennfied with external
standards (C2 Bioengmneenng ApS, Denmark). The
cerrificd reference matenial wsed was BOR-367R,
The content of each GLS was back ealculated and
expressed in micromoles per gram (pmol g7 of dry
secd.

Data analysis

The experiment’s results were statisteally evaluated
by the propram  Sewgraphics  Centurion XV
(STATGRAPHICS CENTURION XVI, 2009), The
dilferences bevween values of glucosmolates during the
gronath penod amd berawen individial plant species
were calenlated by the analysis of vanance (AMNOWVA)
and Duncan’s wst of multple compansons (p < 0.05).
We caleulated correlanons berween the concentration of
an individual glucosinolate and the average injury index
of the plant species.

Results and discussion
Glucosinolate content in trap rops

The sampls of oil radish had six different
glucosmolates, winch can be divided mto three different
groups {Table 1) The dme of asscssment of the
developrnental st uf the stodied plants had sgpifieant
influence on the concentraton of guobrassion in the
samples (p = 00005, F = 808, Dt = 3} The average
value of glucobrassicin conten: was sigmficanchy highest
during the first assessiment (5.84 = 0065 umol g7 of drv
sl (1)), while 1||1ri|1g the last assessmient  the
concentration was (.84 = 0L18 umel g' ds. On average
the concentrason of glucoraphenin i the oil radish
sampleswas 866 + 1.81 pmol g ds.

The concentration of the said plucosinolate ® not
comdinoned by the ume of assessment (p = 03755, F =
1.10: D = 3). The established average value of sinalbin
in the samples was 036 = 012 pmol g ds, while the
said conceptragon was not significantly condinoned by
the tme of sampling (p = 0.7193% F = 037, Df = 2).
Glueoaberin and progoatinn were present i races ondy,

The analysis of ollseed rape samples found oue cight
different ghcosinodates {Table 1) The maost frequent
among aromate glucosinolates was gluconastursin {0013
= 004 pmol g' ds), which was not significantly
infloenced by differemt tmes o assessment
(p = 0.0645; F = 9633, Dt = 1) We also found out
that the concentration of gluecobrassicin was
significanely mfluenced by the nmes of assessment or
developmental stags (p = 00044 F = 619, Df=4),
T Maringa, v. 35, n. 1, p. -8 Jan-Mar, 2013
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Takble 1, Averaype valoes of glucssinelstes in individual plant species {in pmel gt ds), Zaormga Lipnica, Skanenia, 2008100

b L L S TR CR P T | el L [ ndﬂ 8.7 Tape 0 het arin st ‘Himesea' METE
Alipheti
S-Methhesufimelpaopyl Ghicoikern < 11 <0 <L (S & D AR = [k
TR-PT Tadiiy- 3= Inaterwd Proypg =0 15 L LRI REESTI 027 1 (0
252 Hydray -5 -ty Sppremeibnan F [ L B T Y 245 = DR ¥ k)
A-Frapiern’ Sinigrm % X K 050 & 0 025 = g
EREET | Glucunapin i 0.3 *+ s x 007 = 3 24 =00
+ Mﬂl‘l.hﬂanl-H—l‘mhrnﬂ Calnzaraphe rm Hoah + 1H] I_'I_'H "' ;I e o {!_f'::l +nJ ) -;’_I,:I;]_ I - .1 .
R e 2 i L1 B
S-Tadalmedy Ghiwebrazssion 3.2 + 088 1 & D40 Lil+0454 04 015 Q.75 % 37
Azarastic
L Fheoyethed rhucnnashrdin <01 013 + 0004 = L ¥
| Hvdroeybenzed Sinalir a6 £ 017 1104 £ 650 22 £ 552 ¥ ki
¥ mpe of glucesscloe wot eaon in e sl speciza ) v - debectinn wa rmade, bek e wan no ghermslele

While e concentration of gluaobrassan m the ol
rachish sarnles was sigmificantly highest during the forse
assessmens, the concentmation of sucobrassicm an the
valseed rape samples was sigmbcantly loseest dunng the
lisit sessmentt (.30 + B0 ol g de), We found o
that the concentration of gloconapmn m the samples was
connditicives] by (e ures of asesment (p = WG4 F
=370 [ =4,

The concerranon of gluconapn was sgnificanty
lowsest ann thae sevemnel (LA = 00 pemsl gr* ols) and the
first asscasmcne (022 = 001 pmel g* ds), the highest
was during the st assessenent (el = 007 wmol g ds).
The oomentrim of simalbin 0 che oilseed T
samiples was uot condimoned cwith the  dimes of
mmsessinent (p = (X35, F = 263 Db = 1) Mo
sgmificme intoence of the dres of saimpling oo the
concemratien of gucoraphenin in the oilsesd rape
samples was found (p = 0572345 F = 076 D= 4). We
tinnid ene that she comcentraton of cpiprogoioimn in che
plant samples waried with the dimes of sampling
(p = DUOIL: F = 78229 DF = 1), The significantly
highest concentration of ¢piprogoitrin was found
in the samples which were callected ar 30 DAS or
during the first assessment (0027 = 001 pmeol g-
ds), while the walue of the said glucosinalane
during the last assessment was the significantly
lowest (1,13 = .03 pnol ' ds), The analysis of
the cilsced rape sample revealed sigmificant
influence of the time of sampling en the
concentration of progoitrin in the plant ussue of
oilseed rape {p - 000; F = 21978, D = 4).
Drespite Lhe fact ehat the concencration of the said
ghwuosinolate  in the plant  wvarees, ot was
significantly  the  lughest  during  the  last
assessinent (164 & 012 gmol ' ds). Ghecoibenin was
presentin maces only (< 0] gmol gt ds

In ehe whute mruseard samples we found the presence
of ste plucsinolaes. The most distineties among
aliphatic glhuwosinolites was the prescnce of sualbin and
it was conditioned by the tmes of assessment
ip = 0.0168, F = 443 Df = 3). The times of sampling
also  significarcly  influenced  the  concemtmamon  ef

shuvbesian [p = LS F = 5.2% 10 = 5) and
epiprognitrin (p = 00008 F = 12300 IF = 3}, Irs
concenrranon was sigmbcantty the highest donng the
Akt ssesment (RS9 £ 291wl @7 s, while the
concenrmanon of epiprogoimi was the  sygniticanchy
lowsrese i the first sampling (0235 + 0012 pme] g° ds),

Glucoginelate content in cabbage hybrids

In the 5;.11"1,]_'|h.:5 of the early -:'.:lhbngc* hwvhrid six
different  glucosolates  were  dscoverad.  The
comceneranion of glocehrasson vanes with the titres
of agsesement (p = 0006 B = 582 T)f = 4). The
average value was lhe smbeantly lighese i the
samples which were collected in the Gt sampling
{234 =+ .37 il
') The comeentravon of U sad glucosinolae
FATIeS thrmlghrmt the guw'r;q p::rind, at thie end of it
the average value was 0L15 = 002 pmol ¢ ds, The
wvergme value e the entire growth period was
049 + 027 ymol g ds). The nmes of szsssment
also did nor sigmibeantly infduence the concentranon
of sinigrin
{p = 0de28; ¥ = 061 Df = 1) and plucabenn (p
= (L6575; F =045, DM = 2% 1 the cabbape samples.
The concentracion  of  siniprin waried  from
0.4120.06 pmal
g' ds during the fisst assessment to 030 = (12
wmol g° ds during the asscssment in the second
decade of Augast (030 £ 012 pmol g ds). The
concentrazion of ghacoiberin, on the other hand,
varied from 033 « 0.09 pmol g ds during the first
assessmend 1w 03 £ 0.1 wmol g7 ds during the last
lat one assessment The limit ol detecton Tor
gncorapheninis <2 0.1 pmel gt ds

The samples of the medmm-late hybnd were
tested on mene glucosinolates. We found oul U the
COTHCCTIEFATIC] uf'ghw.nih:."rin :'lr.p:“n:]f.‘.ll on the tatres
of assessment — the conceneraton vares during the
growth period (p = Q0016 F = 1213 DI = 3).
Simigrin, whese concentration was not cenditioned
by the imes of sampheg (p = 01054 F = 363 DP
= 1}, was present in the hybrid from 0.25 = 003

Acla Scient-arum. Agronomy
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during the first sampling to 0.3 & (005 pmol ' de
during  the assessment  m mud-Avpust. MNo
sigmilicant influence of e Gmes ol sampling on the
concentration of glhconapm was foumd fp = 01648;
F = 28% M = 11 The concemranon of
glucobrassicin in the samples of the hybrid Hinowa
ws also romditioned by time (po= 0.0000; F =
2853 D = 4% and was significandy the highese
during the first asscssment.

The results ot our study show that glucesinolates
comtemt inindividual pants of Brassicas varics, what
was already confitmed by Fahey et al, (20017 and
Winde and Wittstack (20113, Dara obeined from
our survey <an coafirm thar glucesinolate content
also differs beoween indradoal species of Brassicas
(MOYES et al, 2000; CITAPTIN-ERAMER vt al.,
20013 and that eheir concentration vanes dunig the
grovwtly penod (DB VILEMA e al., 2007, CARTEA
eLal., 2008; SARIKAMLE; YARNMAL, N1

Hiph conccnmanons of aliphane glucosinolates
(BEEEWILDER et al, 2008} (im owr case
promitrin,epiprogoitringgluconapin,  plucoraphening
are evalosted aoan wnpermt fetor determiming
resistance of these plants. ‘The presence of progoirrin
m the plantt of oil radish and white musward was
belovar the limit of detection, which enables 1 wider
spectiony ol thenr wse swee the saxl ahplalac
glocosinelare can eause negateee cbfecers an feeding of
ammals (VAN DOOQRMN et al., 19598; PADILLA et
al,, 200%7). Data obtained from our survey eonfirm
the highest concentration of progoirm m ol rape
durinyg the lst assessment, .F;]Ti'_l,uu::;h stpmin e
effcors of progodtrin is presene.

The hanmntul pests' distinet preference For ol rape, in
our case this holds true for both years of the feld
experiment (BOITITNC; TEDAN, 20012, often deters
fumacrs from planting the sud species (WALANTIN
MORISOM el al, A7) We o rebone the extent. of
slamage: to the concentration of glucempu
From the resalts of our snady we can conchaede that
the concentmation of progoutrn i cabbage hybrids s
an mmporeant factor of selecung cabbage bybrids oo
he coltivaced, since the concentracon of the said
glucosinolare m the teeo cabbage hvbnds difercd
and caused different extent of imuries done by the
stuelicd harmbul pests. The dag obtained by our
stogly show that higher values of plucobrassicin
above-the-ground parts of white mustard, oil radish,
the early and the mid-lase cabbage hvbrmid reduce the
extemt of injurics done by cabbage sunk bugs
Sumulative effects of glocosimolazes on these msects
were {ound only in oilsced rape. W sugpest oil rape
as ome of the plant specics that can be used as a trap
crop to allure cabbage sunk bugs.

Acta Ssentlarum Agranomy

]

Cerrelations between glucosinelate contents in different
Brassicas and damage caused by cabbage stink bugs

Sarmmilamee mflnensoe of epiproggitrin on feeding of
cibbage stink bugs was found i the white mustard
samples (v = 069, wlile the concenration of
cpIprugitrin in oilsesd rape plants negetnechy infhuenced
fexelim g of cabbage: sonk hogs (- = L9 (Table X} The
coneenmanon of glucobrassion negavely infueneed
feescdinng of cablmge <unk s on e plants of while
mustard (1 = ALY, il radish (v =-030), the carly
cabbage bvbnid 1 = -0.2%, the mediom-fate cabbage
ir = 0359, while they stimulated feading of bugs on
aisesd mpe [t = ML Stmubove infleence of
progoirrin on feeding of cabbage stink bugs was found in
the medism-late calbae samples {r — 0.70) and in the
mbived rape amples (e = 005713, wizle s omoentragon
negtively influenced feeding on the errhy aabbage
vbrid (v = -1.0). We esmblished prsitiee correlanon
between the concentration of glueonagin in the samples
ul the early hybricl {r = B30, the sanples of milseed rape
{r = 064), and the extent of mjurkes, while negaome
wlloencs of i snd gucesuolae was esialbsbwed wole
sarnples of the medmm-late bybrid { == 062,

The resmalts of omr sty shoa the poenal of tap
crops to be nsed in coclogical or integrated production of
el which coukd be paaoalarly snpontant doe w
the incressing limictdons m the wse of syrmdeac
inserricKies [I]J{:}RF':".-'[&N et al, AN, wiich are ever
more fequently reflecied cven by complete Absence of
et [ LTI (THE LIST CJF
REGISTEREL,, .. 2011} Among such insects in the
country where our study wok place are cablage gall
s Canfaniniy nasiwrl] (Kiefter), cabbage faes Dvlia
aadenr: [T.) and also cabbage stink bugs Paslems spp.
Smee the concenmation of chemical substances in plane
boe o Brasice s one of e main Loors of
swsceptilliy to imunes by herlavores  (HOORS;

JOHDSOD, 2003), which differs alse between plane

SR,

Arong the other cabbage pests, which occur on the
area, where the presene research weas carried oo, cabbage
aphid (Brvtonee baioe L) 5 koown foe s
explitanion of  gocosinelaes for the pompose of
defending agpina nameal enemies (BROEKGAARDERN
ef al., 0R), while somulive offec of Wucos molaes on
oviposion was deccted for cablape butrerfly (Pienis
bravicae [1.]} (SMATTEGANGE et ol 2007). Tn one
stody the presence of samghin i Brassicas was confiemed
iy Tnche deferee mechmsms st dizmonmdback
ol (Thasila sgfegeils [L.]) (SILVA CARVALHO ctal,
LR

T Matingd, v, 35, . 1, p -8, Jan-Ma-, 2012
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Table T, Coneltion: between comecsiatives of ditfoe ghovosinelaees i ndesdual plant speries and the esaesz of injures dons by

caklage stink bugs (2 <2 DAL Durcan’s mvlople rangs ). Aaara bapme, Slevema, 2000735010,

r I b
e st
Bzpropinn oLl CIANIG A 124205 — AT epiampei mia
o arminn ust QL LARTER - D109 Wby ncalasicine
Clusmrphein 02 FRILE L] FADTE - AT B aphuenzn
ainlmo A A6 R Taague o O il
o Ukl rype
Cllueransoal tin 094 1155E TOESGE . 30 T0TRY ghecomestartar
Clucohraraicn 0.4 13137 320545 + 017 DT gurabrasecin
Zlucoanani I e qe 20333 - 1348 daconan
Sinathin A6k 12035 237157 00514 éNeiralbin
Slucoraplerin e 1LTAR 127015 = szl glaoorasherin
Fpiprapsioin A5 L TS — G YeoipropTitno
Prupsibin 15 A e L2+ 023175 p i
Flavoileia -1 - $ IS0 caibenin o -
Lilmvish
Calaskepznan SN IRV -ﬂ.:‘-"ﬁﬁﬁ-"ﬁll:l. Wik 1
Ll u.r.-:|'||'|,|'r1|1 1% AU = M Rkl
Swadbia B0 1765704 + 1.5l
Tucana
Harokrasian 025 Eaes R L7758 - i), LA ghsanarasziaa
Sioigrin R 24611 235472 L3452 2*ripiyno
Glacorapin 1.3 13258 DA — LN givcraapin
Gaeoiberin ik o215 LEXI06 + DALESEF gheouibenn
Pragsio a =10 - 234553 - 16750 proggoemin
e ‘Himiva
el BT REEEE-T LANEE QA Tl sanrangidn
ST 1) KSR 207512 + 50 igrie
Ulavorapm <E RS ST RTRIL g i
alnvol=rm 1Ay [ ] LT 4 1Rk acnilein
Frages b=n 10,74 13 24018 241408 + O NS G5 prognitin

T R rrrErren mweReiem e be A T imer regreevian madei which e dmerdiear o i il sebeee e g et o il ol glesinelez o pla

cpatiz.

T futore we wall have Lo perfonn even mede
stuches on the influence of differene Brasica species o
leresrrnies ot cromicalby imnpertm insect pests (48 -
20U e al, 2005 DE ALDUQUERQUE et al,
i) Globally, Brassicas hizve o very wide spectran of
LS Ej@lﬁhﬂ-.-!.."si\l, ot al,, 20013, and they ane also vy
arporany 1 oman dien 10w suppose thay aegadive
illnence of phacosinolates on haeman diet 15 mled omt
{ORAMNCA or al, 2002, PADTLLA ceal, 2007, the robe
of safely prodoced food 12 cven more waparan.

Conclusion

Ol rape 15 e waoss adoguane rap crop wsed Lo atha
cabibage stk B

Tn fomec glurosimolares sheuld e employed moa
grcaer odenn in covinsuneally sccepalls was of
finxd puoductivon.
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2.2 VSEBNOST GLUKOZINOLATOV KOT OBRAMBNI MEHANIZEM KRIZNIC
PRED NAPADOM KAPUSOVIH BOLHACEV

BOHINC, Tanja, KOSIR, Iztok, Joze in TRDAN Stanislav

Glucosinolates as arsenal for defending Brassicas against cabbage flea beetl es attack.
Zemdirbyste-Agriculture, 2013, 100: 199-204.

Prejeto: 19.10.2012; sprejeto: 12.04.2013

Prehranjevanje kapusovih bolhacev (Phyllotreta spp.) na razlicnih vrstah kriznic lahko
vpliva na manjso produktivnost rastlin. V Zelji po zmanjSevanju rabe sinteti¢nih
insekticidov za zatiranje kapusovih bolhatev je bila naSa raziskava usmerjena v
preucevanje naravne odpornosti krmne ogr&cice, bele gorjusice, oljne redkve in dveh
kultivarjev zelja na napad kapusovih bolhacev. Rezultati raziskave, ki je potekala v letu
2010, so pokazali, da se vsebnost glukozinolatov razlikuje med posameznimi rastlinskimi
vrstami in tudi razlienimi rastlinskimi organi. Med indolnimi glukozinolati smo prisotnost
glucobrasicina ugotovili v vseh rastlinskih vrstah, vendar pa se njegov vpliv na
prehranjevanje kapusovih bolhacev po posameznih rastlinskih vrstah razlikuje. Ugotovili
smo stimulativen vpliv progoitrina (r=0,51), sinalbina (r=0,61), glukonapina (r=0,67) na
prehranjevanje kapusovih bolhacev na krmni ogr&ici, medtem ko je glukonasturtiin (r=-
0,99) negativho vplival na prehranjevanje kapusovih bolhatev. PoSkodbe kapusovih
bolhacev so bile na krmni ogr&ici zelo izrazite, vendar pa pri teg rastlinski vrsti vpliva
glukonasturtiina in glukoiberina na skodljivost teh vrst zuzelk nismo potrdili. Uporaba
oljne redkve kot privabilnega posevka se je izkazala za nagjbolj ustrezno iz vidika
privabljanja kapusovih bolhacev. Lahko trdimo, da glukozinolati predstavljgjo pomemben
vir odpornosti rastlin pred napadom kapusovih bolhatev, vendar bodo potrebne Se
nadaljnje raziskave, da bodo obravnavani sekundarni metaboliti dobili vecji pomen v
varstvu rastlin.
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Glucosinolates as arsenal for defending Brassicas against
cabbage flea beetle (Phyllotreta spp.) attack
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MUniversily of Ljulljaca
Janmnikaryewa [0, SI-100T 2ouklpe, Skvvena
E-mail: njekehinedibfomi-1] s

*Rloweminm Instnwe of Hop Rescarch sand Brewing
S1-3410 Aale, Sloventa

Abstract

Feeding of cubbage Nea beetles on varouws Srasvioe species car medece coop prodecivily, While progiessig
fowearels e poel el medesiog the vse of seithetic pesticides gl poossotion ol envioomestal protection, we 90sh
ta expinit plants” naniral resilience. The resilts of cor stody earviad ot in 200K 2010 showe thal glucosmolale
contants vary wirh plast species and plant orgens, Amnrs rha indola glucnsmalares, all feassica species (cahbage,
oil rac =, ~il aeed repe and whire mysrard) displaved the presonee ot elienbrasscn, whose miluenoe un cabbage
flea hecrles varied acenrding o the plane spocies. We estahlished that plucona-turon conlen. in ol seed e
rogatively (= —0.9% mflvenced che teadimg of flea beetles, while the progoitnz c— 0510, smalbia (e 0A17 wnd
glueonapin (¢ = (1.67) simulaced e foeding of flea beetles i this crop. Mo apmifcent influence ol gloceb:ssicin
on fea beedes was detected nocilseed rape, wiile this glucesinoloe negatively infusnced tha irrensity of fou
boetles freding in ol mdish snd white mustand G- — - 032, 0= 0062 Gl radish g peosaed o be dhae t-L
suifable species as a wrap eoop for Cea beetles. We conelude that proacetion of the Avessioar aprinst Jes bealles can
deperd o5 glucosizolae conler, bul additenal tegz ta confim: practical meaning nfthiz study in envinonmenwlly

acceptable cabbage production are reqoirad,

oy worts: cambage, sluceno ules, ol rd st il seed cape, S5efoirei = pp., wlite mwstand,

Introduction

Zlants can react 10 hes veres w lwo ways — by
deferding and by davaloping toleracce (Breckar e al |
A7) Besides morphological detersive Thetors, eg .
waxy 2pidermis {Tedzn e al | 2008, trichomes {Carmiona
ctal., 2011) cwe., plants caa dalond against Eacoful posts
slac with sccondasy matabolies (Breuker a1 ol 2007
13gar cral., 200H),

The tvpocal secondary metaboliles, characteristic
ol the  Bresdcaceds,  and  consequendy  alfecling
intereclions beoween herbivores ard the fanmel plants,
are plucosimolates (Fhidant-Bouzat, FEhebensten, 20080
Cilncosinolates are present primarily 0 the draccicar
[Fim, lander, 2061F), hut sher influenes on the resistance
ol planis o kacleria sl g has gleo been pooved
(Cnbaing et al, 2IKIL), According to the orgin (the amino
actd hey are derivad from), gloeosinolstes are olasafed
1o thee groups (elasses) - aliphane, mdole and aroratc
(Pachlla et al. 20073 Canskage fea bootlzz (Hidiorren
spp b oAare among major harmtvl pests eansing damage ta
the Srisicas (Tedan ot al., 2005}, Feedip on Brassica
szedlings con cause plant death, while feediag at later
developmental stapes can redoce fnal vield due o uagven
grovwth of plants (Trdan et al., 200%; Tanzey el al, 2009).
Iz has been estebhshed that donng freding cabbape fea
heeiles can transmit pathogen: from mfectzd w healthy
plantz [ Loshovaesal,, 2009, Among the proven successful
altermative methoudz of suppressing cahbame fiza beetles are
trap cropping Cldan et all, 215 Hohine, Trdan, 20023,
clifTerent imaes al sowing, i Terend densiics of plans per
nlat and erep rotatiom Clos wova et sl 200G,

Civen thal growing diflerent planl socces
o & certain plot roduces the density ol o lamlul pest
population [Bobine, Trdan, 20102, and the secondary
metabolites  contenr  (plugosinelates)  wvares  among
Pl specizs dayes o al, 20000, we wished Lo study
ssceplibility of various Srossicas to cabhage flea
beeles in view ] using e wap copping method inan
ervitonmnen bl vy fmendly Tood productiion swategy.

The wim of our research was o determne
plocosmnlete conienl in dilerent Srivev o spesies durie
the growing season, to acguire the indomtion aloo e
anirability of different trap crons W oe beells ook,
In thiz way we would pain the resule, which woeuld be
uselul foe growing cabbage without tre wee of ynthetic
inszclicides.

Materials and methods

Plowr  materad. A twosyear  (Z000=2010)
feld experiment was carried oul in the villags Azemjy
Lipaiza (46°1% N latiede, [4°10° E lonpitude, $12m
asl) o Slovenia During the growth period of cash
crop iiwn hybrcs of cahbage) im 2000, we were
collecting sunplas al the szlocted akove-ground parts
ct oil seed raps (Aeawica aapus [oossp edeitiea T
Efennis), o, "Denteln’ (sappher Sernenara |johljzna
Lid., L abljana, Slovenin), white muatand {Sinopy @iba
L}, ev. “Tlata’ {supplier Semenarna Loaklpana Led,
Lyalljana, Slovenia), oil radish (fapdones satfves |Lowar
elegforagsh, oy, “apell’ (supplier: Semenarme Ljubljsna
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200 s

Prederter ary arsenal jor defending Brassicos wgains! calbose oo et (PR otree spp ) atiosh

Lrd, Eyebljana, Slovema), the zarly Dylunicd al whie
vabhape (dravdoa elevaces | var canifaia 1 alha), ov
Tuecusa’ [supplizr: Semerarnz Ljuhljana Ll Lok,
Slavaniad and e rmedicm-late catbape hvded (s
sfevirces Loovan, cwgeedadae 1oalbal, v " Hinova® [producer:
Ben Aacden, the Metherlands; suppher: Agopmgress
il I_|uh|_|ar| Slowonia)y.
Field avadadion, The Deld ol 328w was divicdec

ko [our Blocks. The thiree species of rap crops (o] seed
tape, o1l tadish, while cwsta:d) were sown wilkin the
Irlocks i separmte lezatmens, The outh testmect was e
crnrrel, whese oo triap erop we s sowed {hare suclace), The
armargemen: o different Sraecieor noour expanment 1=
presenlesd i Fiare, Inoeach resinend we alse sowed hoth
vahhugre hybnids in sepamate sub-plhets. Cabbaege bevbrids
werts [he rozin wreps inqwr eaperitnen.. The ireehmenls
within blucks wees wrmmged rocdemily, The rap Lml'_'s.
whizh were usad for chemical analvsis were sowed on L
April 2010 while the cobbage seedlines wers teanap l:ul.u-:‘.
oinidears on 2 Apnl 2010 The darmage done on Aeassicg
by flea heortles was assessed by the S-gradn vianal zeale
The plants wers evaluated on e scale from 1 (e damage)
te 5 (maore then 23% leal area caten). £s Sallows: 27 up

o 2% Jeal arza eqter, 1) betweeen 3% cnd 1P leal ares
emen and 4) [1-25% leal area caten (OEDTVERDO, 2002)
The sezdlings ul.'{:u]:':ugﬁ were grown in the Depariment
of Agronemy's glasshouse at the Dictechnical Faculty,
University of Lmhlp 3, Slovernia according to the Srotoco.
5 degeribad in Trdan et al, (2008,
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Zpormja Lipnica, Sloveniy

Derermiination of plucosinaiates. Plant material
for the cnalysis of glucesmelates was sampled at
o Ferent inlervals. The plant materal was cot down with
spigmors. Four samples of Teaves or hlossoms (flowers)
of the species wene collected on sach assessment date.
Individual saraples (s »art of the species) reprasenced
a represenlative sample of he plants o ene plel On
cerlain essessmenl dales we collecled, besides e
sannples ol while moastand leaves (8 Jung, 3 Tulyd and ol
rades]i leae2s ©F amd 25 Twte, 31 July), aleo saemiples of
blossuins ol the Lep ciop speoies lestald. Soroplig of
cabinae Deuves wass carnied oul at Dve Cillerent inlzrvals,

o A May, Th Jone, < and 29 Inly and 17 Angnst 2000
samplme nf caves of o1l soed rape was cermed oot lve
cifferent viterviels (19 Mey, ¥ June, 5 oand 310 Julv, and
21 August), while the samplicg n? ail rmlis s ane white
wstar was performed at feor istervels (the former:
ll}" T‘\-'I"‘:." Bounc 25 hune, ved 21 July; the Talier 1% %uxy,
Eoand 25 June, and 3 July) Four samplas of individual
alant species were sellected at individual imervals of
azeezement. An individual zamale (leaves or Blossoms
or flowers) was the represeriative plant sample of one
Slock. When anelysing glucosinolates, the analysis ol
individual =araples was repected twice, The material
wig then [reeze-dried (Lype: LIO-100, procuce:: Kambic
]u]:f_nm!.u::lisk;. opremiy, Sloveria) aml homopenized be lore
exbiaclivn ol zlucosinolates. The Tyopt iilised samoles
werz slwes] o 200 ] botlle: 1 a lreeses {l' pe: TIZI6E,
areducei: Seonya] al —30°C. The glucosinolate axliaction:
and analysis were parlformed weording o 150 5167:1-
1992,

Aosonleroal sondasds sinigrin ec 2locoiropa el
C, Bicenginzarnng Apk, Denmark) wara addad

I'he
exiracted ghicesinolatzs were purihed ona L5 cm DEAE
Sephadex A-2% anion excaangs column, The echimnn was
washed wwice wirh 1 m! distilled watar losded with 2 ml
of the glucosinolates exrract 2nd then washed mice wich
1 mi 20 mM MaAc-salution and treated with sulphetasc
773 WLl and 25 me ml), Atter an overnight seaction at
oo emperaturs he desulfoeluzesinolazs were cluted
with distilled wearer (2 = 1 @l The elnate was filtered
ave: R4S i ilver 2oad then sanple was teady for HPLC
Cigh pecfonnanoe Cigaid chromategraplyy analysis

For glucraimolate {{11.4) cuantiication, twenty
werolires of g.e:,ul_f(u__]ul. asinalates aclution wers Tur on
an Agilent 1200 Senes HELC sysmem (Pale Alio, 11540
at 2 mlmin', The colnmn was & scovery (18, 25 em
= d&omem, 5 onm (supelen), The muhile akases were
warer and methanal, nommg tme 28w The sradion
changed se follows: 100% 4 for 1 mir, then in 20 min
to 20% B, followed by 1008 B for 5 min. Aftereuasds
the column was cquilibrated at 100% A for 3 min. The
desulfoglucosinelztes were detected with dinde array
Jetzetor at 229 p The desulfoglucosinolates were
identificd with external standards {C, Binenginesring
ApS, Denmark). Ths centifed reforencs material used
was BUR A67E. The cortert af each G5 was back
saloulated  and  cxpressod  in mvcromnles per gram
[pmal o by ef oy seerd.

Hhadta amalyeiz. Poor tnstansheal analvas, che
axparmantal results wers strnsneslly evalmisd by
the: program sracgeapnics Cenfurion XV IO 1'he
diftvrenees borwern vealnes of gheosnalates  domng
the growsh periad and hetwnen individnal plane spoeies
were calenlared by analysing the varames (4307} 2l
Duncun®s test of muoltiple comperison: (P <2 1.05) We
caleulated cormelutons notween the concencration af an
individual glueosinolute and level of injury caused by
flea beetlzs on the plant soeeies.

Results and discussion

Cirrberri af  plecosiavintes in alifferend
Brassicas, Tae esulls of (e stelistce] analveis show
Lhal Cre plocoiberin content s sieehoanlly inlaesced by
anl species (P - 000233, F - 439 Dr - 2), whale the
cuenlenl between leaves and blossoms Mewers] does not
iy (M G354, 0 CAR DM 2n The glusoberin
cunlenl tnothe somples of wiole mostard, ol sesd
vape, eal pelish was below cdetecton ot (i 21 eases
<01 ol g el iy seed (ds), while the samples cf the
cakbags hyberd 'Hinows ™ had the average content 4 33 +
LU ymal g ds, and the samples ot the hykrd “Tuecapa®
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N34 + A0 umel o' ds (Tahle 1) Tae Hragaie
spuecics wied noour exoeriment disploved noe sipnificanl
dillerzmees in he clucimanin conlent (F (LG,
F o335 D0- 1), while the gluswraphesin vonlenl wik
sicpilicantly  lluerwed by oindividuel  Broassicoceos
species (F = DAWN0DE, F = 589, DU — 2). The avorags
glucoraphenn coutesl was signilicantly Losher e oil

redish (AGe — | 81umol g Je), while it was procisely
abves thes delection Lol i the samples o7 hetly coobsgs
bobnnds (001 wizel 27 da) o Lhe epoprazosTin conaent wer
irduesced b indoviGual sposics (F = MINSS, o= [0S,
DI 2% siznilicans & ifTerenees wens deroetod ol e e
lzaves anc hloezoams (Frewens] ol e olans (0 OG0T,

=315 0= 1).

firhfe I average values of glusnsinelates noouming in difTerent Draveioe species {in uml g 30

Yystematic name Trivinl mims il radish

A uibibage
'Enova’ "Tucuna’

Oilsesd gy Wkile mostinl

I-Wettlys [l il ot h ST o | TUEouug 0ag-nnd
PR e 1:-, - |'|||r|'-.'| Frozsilrn LA [ S T | -l | A3 =02 02T —-uud
2 i51-2-Hydvams-3-vtzayl E xipragzitrin - oy L' Ui 45 03y I =l

.-:.-I"||[|-.-er|}'| '\-.|u| L - 0.3 =003 035 - g
J-Zuremy [ulur.'m..p I - - [ TR L e R | B

A WlzrhwdalineT 1 Pare eyl Gluzeraplerin. ®an L [&1 nEl—nu <UL =Ll

foole R
i-lradn mii bl Ciluensrasin A4 0 i Re [ T _NRA Oen—05% g3-027
Addhaii s .
Ll L iyl Glsuztastuciin | 5= nng =L =01
A-Hydroewvbenayl sirallin 056 +0.12 (1.164 6,50 P R =L |
Sange Sl i L e el el delaviion level,
The content of the aliplaic glusesinelawe was @ propeilnn contest (7 — SIS, - 0E0, 1¥=3), twe

comparisantaleaves (K21 003 pmal o dzisipnitficantly
Aghzr i the Bloszem samplss (231 £ 0,01 wmel g‘ g

L

[Mahle 2} Plant apocies did not siprificently afTec. e

corlent also Jid ool e barseen leaves and blossoems
(lowarsi | P GESEL F =072, 10f=

Terlrfe 2, Avezvape values ol plocosiiolales coeecring ( ditferent Sraeeima spectes {wmol g7 ds) Seeups grossth pering,

selated tie differest plast pats

Laty Pleat spavice Flac, st 1B PR by T-FPRIT HEIN LiN A SLL IiH% GAT

1205 ofl rlish cn'- e 'JII 1 .. W22 LLZ [ + [0 3 i =000 s

e ol rulich il Lil=Cln C1a il |

N 0f ol vadish - - 1322000 DI e

2506 il adish - = 2oL n S R )

2500 wil radish - 1642 1l nErEnI?

10T wilidisl Jeaves - LU

Pl s il radisl Avaris I 71 Lo 1,

1905 white mmstard Teaves St N T T R O -

VR I w e mnsbam leives - LN EIR S -

wor e rmstard e - 2L +000 =0l LR ] | =

1k riesiad s - 1A £ 304 003 £ 0] L1+ 00 -
Lz oz leavea =3 MLAT L rw] 4. LALE0ED

03 W wnee mnznud Gavwets - k(’3+l',-I]" [0 L 1

L Sops Laves 022 =00 E4L+0 15 LN 5

iIE 1 rpe leaves UL =l L] noranes E

03T npe loaves 'I I'l-'l- 1 M35 L =il

JnT l.-|| susprapz loavos - 1 UG N T e

308 wlscenvaps Laves - 1 SAT 0T 008 = 0NE

2ol =Ly 1| (R e | BRI

Il <1 <Tv | nASLGT2 =L

1 nT Ill=nnr ] RSN =]

T PEL=01F 11T =007 e =

1708 =l LU I R

n 0 leuves waL] uaL=00:

150G leaves =i, ] =T s :

A aT Jeavis =1)] L <, LAY

20T Tevew LAIT=01z B [ w1 L|-1I—I||_|

T Tocany leaves T R S TN e R 1§ 0d=nit il

Hoee, GLD - alas -.-1L1-.nr.. L‘l{_(_: proge n.r., 5140 snigren, TR = epiponpeising GRE - g'.u-.:ur.lp.'..':l..t. 'Ln."T.-.

AUH shialbin GRS glucdeassicie, G837 — gluconesturtiing <00 — gl sesinn e preseet s o denzzzinn Lavel,

Arnomg e glustsme s i uoohrssicin eas
cletzotec moall plan specice, ils comtend, '| wevevel. valied
signifcantiyamono e plantspevies 7 0LOZEEF- 315,
Gl 30, o A0 20 13 o] g s e e s:=.11‘_|,l~.s ot'the
calhage Dyhrid “H o aerea™ ta 500 =il mnl o' dy e he
s les ool ol cacish (Faboe 0 Mo significant dillerznces
mlocchrassien content ol ndividez] above-gransd
rlantvrpans werz detecizd (P—001273, 5 L9241 3L
Tnoceecling amradic ghecosinlales we esavliskod
that the plucoraslurhiz: coulsol was dluenced by the
Hrewedoanese specics (70 002645, F 0 W12, 0F - 14

Phare wexrs aediffomenees deteced in the 2lvcoassiuTin
somtent o vamizus anl organs (F 0 07043, 8= 06,
I¥f = 17, Cihaconestoriin was invil radish sameles prosen:
in treces (<000 pmal o ds), meanwhile 1 prasence in
cibhagrs szmples was beluse detection level | he sinalhin
combenl varied with diZlerent plast speeics (P — hOOR0D,
F= 550, D= 1, a3 wrell oz il plel organs
= G0, & 20 Dr-1) e l.11'|d|'.-11'| cumlsnl
wits siumiliventy Lghor m_t b :1|11]'-|._,-= of wizite must.d
(30,12 - 532 um-.-]_L_' deie dnrre ssnp o ol ol sesl repe
ilowes LLLS 0 RS0 ol g da wizthe i the samnple-
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3 Crlricoe/neliios a8 gesewad Tor dolending Bvassiong agoinst cafnage fag oofle GWniinlroin spe ) aiiack

of cabbages, cauly and mid-late hvhod, no sinzlbe was
detegrzd,

Correlation between Tevel of infury camsed by
cabhage fea beetles an plunfys feleaging tr frap oo
ard concentratfon of glacosinelrte, We discovsral o
very hiph oesnlive corcelalion {0 —0.89) between 112
shucriastorio: cenlenl and level ol wjury done Ly Hza
beetles (Table 30 A low negative cotrelasion (r = —0.22)
wiaz eatablished bhotween the eneoraphcns conrens in s
nil sead rape samploa sand level ot myury. A stmaolsoang
mloence of cpiprogettrm on feeding of capbegs flza
Bgerles was deofcetzd in the whie mustard samples
[.'— i ‘ir] wi'i]c r]'u_ u]"ipmgniTrin CimCenT r'.,gm 'fL.'J,

correlabion bemwsen level of wynry and he glucoiberio
contentin the samnles of nil secd rape Ja-:',:phuh_d witliihe
rusdel =215 =10 4 6667 The row |I‘r~t rfthe amatistical
aralysis show shiculating milueree of plocobressaom
e leeding wll e species from (he g
ot ail zzed cape [ - 0307, while higher clueabr
cotlent i the oil cadisk (- - <0320 aod while
(¢ = —5d) neparively influzneed the ensity of the Mea
beeles feading (Tahle 39, Amoderate positive cazrelation
[#=ALOT1 v catabashed betwees lovel ot injory dose
oy flca heotlez and glhiconspin contont i the cil seed mpe
smplas. In the ol seed rape samples we alse deteeed
stimuleting influenee nSsinalbin (0 =10617 and progo.rin
(=141} on fosding imtensity of flza beatles,

Tuble 3. Luur:l:'uu. betwean level of iyury cavsed by Fipfloimeie spp and gluocosinolale (GLE) concent-atiom

[F=20A1S Dumean™s mis 1]1|_.1'.mir|_ sty in thmee LT!]1 CTI Hsuies
I._"Il -tlxn_ ‘El.pl:“ on I&Eli'l: Wil msland
L] - - — - Tt
] ___n -l b i & i b a h
GET =4 L e 45913 —5.7U22 x -
OREF .22 (3862 L0205 0L D230 33557 QUi noe DELEY Aniy L5
L-PRO a0 i, 950 . 2L - DA DD36d* 25433 (13000
(71R =100 - 50 L4108 % X
LiBs .39 b 08 33010 g2 =033 Qoeud 3353158 —004TK =08 nnoler 20538 -0.0nsS
A 0T 0005 28500 13742 X
SL3 il (2724 5.0351 LU R BB e R B 1441 e BEEZn 0 200 nnnes
"N .l 53 P L) .14 % b
uiM =
Saps U] ;-:1u|_'|||m-.l|.|1i i, GliE - g_||u.'|.|."a]:]:;.'.|i:|. F-PEC — u]:i;:-ugl.:i'.ir.. UiTH KIIIL'('-i.l‘-:;i.IJ. iy — g]_ul_'-;_'hn'__n:gl:u'_.

G™a — pluconapin, SLE - smalbin, PRO — progoifiin, 1N — simgrin, x — boonuse gluzosinelate was areszot al tace level

P L meel ' deg wer were ool able e caleosa e comneliion, - -

Correlation detween foved of fnjury caiged
fy flog Booles an cashe craps amnd  glucosinofote
ceptcaiteanon. A maderats oositive correlation was
cstablished hotween the glocotherin contenl in the med-
late kyhrd samples “Hizwea” ard Tevel of mjary done
b (ea bestles (e - 052, while the corveliion between
e plusosicolae content and the level of myjory on the
_.xb 10l Tiesma’ plants s explamed By the rakilcl
2A57E1 — O0A4R543F  glocoibenn (Tubl: 4k

§ 2

I'hz analvsis of resals shows sumolabing mloence of

progiten om the intensiy ol Teeding e llen besles
un the early hyeid plams (- = 1) while tie eorrelation
between the level of Ingus oo the mod-tate hybeid snd
e glucosinelats content 1 cxplaned by the madel
Y =Z2.25THL — ILTUhAGE [n'czn;.,mtrn1 Tae amalysis of
ressun s showes Jowe | posilive) correlotion belw 2o e level
ol tajury done by Jea Lectles and e siniptin conten
in the mdd-lere hybod sampoes v = 31 Generally
spenaking, ol tadish proved L ke the most efficient trap
crap, which was ala confirmied inoour arevicus stady
Dc*:mu._ Trdor, 20120 Significant prelirencs towands
[eeding o white wustand was nob slwwn e oul siedy.
nor in A similar experiment (Hiiesaar of al., 20005, We
rnnfirmed the Ancingz of aoms resseechers whao fouml

vurzelalion vue Teieul, T — g

DS - leneepl, b - slape.
ot that the plucosinalate contenl varied betwesen different
Hrassfoacsae enecies (Moyes a1 al., 20000, berween plant
crpans (Bellastas of al, 20071, and the conceilialons
of these secondary metahalites varied slso ducing the
arirwlh peried SDe Villene ot of, 206071 Differonces in
(e plucusinelale conlenl wene detecled alse noa single
specizs — horweon Twa cabbage hvbrids (Bellostas el ul.
AETY I the sredicd Aeessionoeas wa datecta2d aliphatic
gluzominoleres which arc charactemstie alse of ather
Srawwioacene speeies (Carca ot al., 2008)Y; thoir presenece
it genetically predetermined (4 gerbirk e al., 20095,
Arnany mdele glicosinalates we estabhshed
toe prescnee af glucebrassicin whoss condent was o
SOLIE CXIEIL chably wlluenved alae b temp -:ml.ulu
i, lander, 2007y Whils the research resulls show
o "J.|.l-r.., influznes of wlieosineletes o gancralists
(Punleppician stal, 2005), slmclabing mfoenee s most
frequently establishied with the specielists who feed
cxcidively nn Srerinacean (Melaen et al, 2001 Theoe
1, however, not moch knowes about the sigailicence
! mdividual glocesinolates in plant proteetion (Kio
Janmder, 2007 In view ol the fact that some plants
(Bidarm=-Bouzxl, Flisbeustein, 2008), welwling il seed
rape, Az very susecptibls o levzl ol dnjusy by varieus

Tabfe & Corelation beoween level of oy cansed by Biglioeeta app, and glucesinolate (OLS concsolralion

(P DA Pmean's muoltple rangs test) in own different calthage hosbnds as meain coaps
T *Llinaws”
WL v o El Iz r I il B
5T - -
UL . X
B-TTR -
e 04 CLEGAD 15978 04424 0.52 IR L] L
GBS —a ; 24440 =i =26 0300 231
UkA R PR ] id1s i L4502 23001
SLI -
TR 1.0 L5323 AR nss A AAATR
Sl = QETAT 2.3 =0Ty il =354 20368

Explonacions under ' Teble 5
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phstaptaaous wsecls (vulanbn-Morison et al,, 2007
Chese eharactensiee ean be eaplainend by e contenl ol
various chermical substances, also glucosinolates (Bidart-
Boweal, Fliebens ey, 008 The erfect of glicasnolares
en feeding of various herbovorows spooies cian vary
[Aamorbhick ot al, 2008). Besides stinwialing elTect ol
progeimn on feeding of cabbage Jea beetles with ail
seed rape and the mam crops, 3w presance car alsn havs
negative effects il planls with excessive ghocosinolats
comtent are 15 a8 todder (Padilla oval., 2007, Sun et al.,
20110, Consequently, the emphasis is on plant breeding,
though no negative effscts on human nufrition have
been detzeted (Sua ot al., 2011} The potential negative
influenee of plucobrassicin on feeding of cabbage (ea
beetles, wiich we proved by our rescarch, can positvely
infvence humsn nutrition, #ines the decomposition
procucts: of  indele  glucosinolalss have  posiive
cmbearemagenied cffieers on anmen health (Som et al.,
20100 Beneficial t human Lealth sre also some ather
pluce: muelnles including sinigrin, gloenihering progoitrin
and glucanssturtin (5o e al, 20015

In the past [Bodoacvk, 19973, onz of the
majur Uchermoal” Twelors of cetendmg white mostard
against adacks by cobbose Mo beelles was comsideral
the presence of sicelbin, Abundurce of sinalbin wes
2lsa evalnated] as an unporan delensive Gelor agains
Alamesetra roafigerate (Ulmer 2t al, 20077 Howeyver,
ils prosence can sl wave o Rl'.TI'II]|.i|II1E etfecr m Hiaris
rogee leeding (Aparbirk =l al. "F'I'II‘J‘,I 3l sead ripe can
e usad G J'Lr.ldm (Walanl:: |—M|. risan el el 20570, while
mstasd as a means e omevenl oiliate leaching Trom
apmicultural sail during wanter (Dorsaiy ] el al., 200351,
and as e ving ol ch (Romancekas etal . 2002, ol radish
25 # planl speviss wifects the halance of carbon in sol
Chutegi ot al, 20110 Results of our research ndicas a
poentially wider application of the smdied Seessivaceas
— also w prutect other cruciferoes plants against harmul
pests. Therr apphicabiliy for pritectimg plants wgarnst the
pests which are numerous and thus hammful in Curcpe s
menifestzd oy the fact that reziztered svathetic pestizides
are on the decrease (The dat,.., 2012) as they negatively
influence our =nvironmen: (Bommarco et al., 20010

Conclusions

L. The tested altemative method of cabbage
profection against the fea heetle adults proved o he
stficiznt. The level of injury caused by flza beetles was
significantly the highest on ofl radish, thas cil radish
proved mo be the wiost suitable as tap crop

i, Gliespelate costent differed  between
plant specics and even betwean plat organs of the sams
Hrazsicn speclas. Sinigrin was ouly present m caboags
cultivars; gleconapie was prosent ool seed rape and
cabhage cullivars. Glucoraphemn and sinalbir conlens
weere only conlirmed i Sracaizg trap srope. Inocomparnson
L dilTerent plast parks, plucorsphenin was moee abunduoel
o] radish Mevseess than in leaves, Foiprogsnitnn was oaly
phbwocend t vl seed qupe vl while musord, bal below
detzcion level n coblaee cullivazs, Progoileo, as the mos!
sbuncznt in ool se2d rape and cabbags cultvvars, wis also
present ol e ndd white mstare, hur balows dereenion
Tevol (=001 pmnl gt oory secd], The level of ploosibern
weard sigmificantly the highest in cabbogre culivvars, while
prlucenasturiin wis e ooest cbundont in il seed mpe.

3. Clucoberszicin wos the mest abusdant
giucosinalate derected inoowr smdv. It was the mast
abnndant in oil radisz.

4. Brzed an the resnlts abaur study, we cane e
that the glllcnsu:}h'cﬂ cormtent I ditfercat Heossioes can
play asignificant role inszlection ofmentioned ficld crops

Yol 100, Ne. 2 "‘[Il‘-‘ 203

in the areas, where the cabbage 5 expesed W momeocus
posty. Additiomal geses are undoubtedly noeeded o corelizn
the apohoakibty of thess resolis o environmentslly
uccepteble cabbage production.
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Gliukozinolatai kaip natiirali bastutiniy augaly apsauga nuo
kryzmaziedinés sprages (Phyllotreta spp.) pazeidimu

T. Bohing', 1. 1. Kodir, 5. Trdan'

'Liuhliyanes wniversitetas, Slovenna
“Slovenios apyooyg i alaus lerimu insliulas

Santrauka

Krytmakedings sprages, mintandios jvainais bastutinais augalais, gall sumadinti jy produkbyvomy, Siekiem
maimh sinletinng peslicidy nawdojima 10 skatinli aphnkes spsaupa, turéty bt panandota natirali supah) geba
apsizaugon nuo kenkejy paZeidingg, 2009-2010 p. atlikto teoime reeuliala parode, kad glokozinolam kizkis
peairuoye priklausomal nuo augalo ridies i organo. Visy rigig bastutinioose augaluose (kopistuose, aliejinose
ridikucse, rapswose it ballosiose garstyiiose) tarp indolinng ghukozinelaty buvo nustatytas glinkehrasicinas, kurin
jteka kryimaiicdinéms spragéms skyrési priklausomai noo acgale rigies, Tvrimo met nustalytas sliprus neygiamas
korzliacinis ryéys (r = -0,99) tarp glivkonasturtine kiekio rapsy avgalunse it krvFrafiediniu spragiy pakeidimo
intensyvurne, Tarp glivkonaping, sinalbine, progoitrino kiekiy rapsucse ir kryamaisiediniy spragiy pageidimy
intengyvumo nustatvii vidutinio stiprumo koreliaciniay rygiai (atitinkamai » = 0,67, r = 061 v r = 0,51). Esminés
glinkobrusicino jtakos kryimsdieding spragiy przeidimams rapswose nebuvo nustatyte, taéiau & glivkozinolatas
fure o neigianns jlakns spragin pafeidimams aliejinieoss ndikoage (r=—0,32) 1= haltosiose garsty&iose (r=—0,64).
Nustatytu, kad aligjinis ridikas yra tinkamisusin rais priviliot kryimatedines sprages ir gali b0t naudojamas kaip
spapstand Siam kenkejui. Padaryto ifvoda, kod bostoliny sugaly apaaogos nue kryEmadicdiniy spragiy intensyviumag
gah prklausyt nuo glusermalamy kickie angalunse, o siekiant 5o ryrimo rezultatus pritnikyti ekologizkai

ug marems kophstams. eikia papildomy Ly,

Feikiminiai fodEiai: aliejinis ridikas, baltoji garstyiia, glivkozinolatai, goXinis kop istas, Fiplicirera spp., tapsas.
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23  VPLIV OKOLJSKIH DEJAVNIKOV NA VSEBNOST GLUKOZINOLATOV V
KRIZNICAH (Brassicaceae)

BOHINC, Tanja, TRDAN, Stanislav

Environmental factors affecting the glucosinolate content in Brassicaceae.
International Journal of Food, Agriculture & Environment, 2012, 10: 357-380.
Prejeto: 18. 01. 2012; sprejeto: 02.05.2012

V omenjeni raziskavi smo preucevali vpliv okoljskih dejavnikov (povprecne in najvige
dnevne temperature, povprecne dnevne relativne zratne vlage, trganje soncnega
obsevanja) na vsebnost glukozinolatov v kriZnicah (Brassicaceae). Rezultati naSe raziskave
kazejo, da je vsebnost glukobrasicina (indolnega glukozinolata) pogojena z povprecno
dnevno in navi§o temperaturo. Okoljski dejavniki so signifikatno najbolj vplivali na
vsebnost indolnih glukozinolatov, manj pa na vsebnost alifatskih oziroma aromatskih
glukozinolatov. Kljub temu, daje bil vpliv okolja na alifatske in aromatske glukozinolate v
nasem poskusu spremenljiv, pa lahko potrdimo njegov signifikanten vpliv na posamezne
glukozinolate, alifatske oziroma aromatske skupine. Ugotavljamo, da so okoljski dejavniki
pomembni v nacrtovanju pridelave hrane tudi v kontekstu pri¢ujoce raziskave, saj nas
rezultati kazejo na signifikanten vpliv okolja na vsebnost glukozinolatov v kriZnicah.
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Environmental factors affecting the glucosinolate conlend in Brassicaceae

Tanju Bohine und Stanislay Trdan
e o PRpankedicine, Agrivloral Somnesring, Crop Productive, Posoee and Grosstand Momagemen, Dearins of Agrosany,
Beapreanioal foewin Universine of Linbdlann, Jomnifarieve N0, ST LI Linbiiina, Sloveais,
s-pusil; b, bekinci@omnal oo, stanislaetrdani @bl uni-If s
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Alsionet
This sludy clescribes Lthe e Teet of eivdiraamental factoea: the svoraac and aighest daily semparaturs, averngs velative aiz midity, avd the dacation
of fue dails solar eediarion, on the plucosinalat: cancenr in Bressiencenr. The sesuli: o oer sty imdicnie shin the conent o incele shocosinalats,
glneobrassicin. is intlnenced by the aesme doaly and L bghestor lemperatire, mdele glusssim @ies svere mwoch e scscept ble w ercinaermantal
tinckars Fuin aliphitic ar noemmes ghagasielags, Althowgn die irmpeetaf e 2rvieanment onthe groups of aliphaticand asarnatic glucssinolats: was
warahle, there was o signiDcanl Iimpact of Ge cnviganment o spec. e aliplatic or aromazie shicesinaloges, We conelude that zlimeric coaditions
eannot be negloeted ia che futare planning of cropping svstems, 0s £ remt: ok aur meeaternom saoaed the smporat ekt of snaronmento]

dwtors onte alucosinaloie conteol tn rassivi e,

Kep wrora: Tarpeeala e, relacine nuaiditg solay cediacien. alucosicalazs, Dmssivnesie

lodrodilive

Plunes ave able to defend (hemselees * = ot ol by Disgels
and other hethiverzs, Increases 1o essistonce o Lorbieony e
Dought ta aave gemerabed the vkt diversily of proleins and
secuciry metubiites wilh deleosce nclivos " Glusestocllcs
ure epundmy s lubolites hal are well knowen far their role in
planl reststunce o msecls and pailogens " el are lasgely
[uwd b the vader Brazsicales, which ingludss ihe ceanamically
and alrtionally npoziun Brassicy arops -+,
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aviginzring from the Maditerancan climate rmgion ©. Licranm:
3o Gl el (et the: dengont af phivtachenizal 2 is depondent
I ITARY pri- abd postharvest stages ot the fintit and vegotabls
pesdustione ka5 such as thiis soage condic ons aFer harvest
ard processing pasaceters. Thoing De thanmat! processing, of
Brassics vogetables, the glucosinolate contents czan be reduead
et sevaral nachanizms, e, anzymatic ydralvsiz and dieemoal
degradazton ™",

Forvirgnmental fetars, sueh ag solar radiacien, temperanire
wariatinn and limatic condinona, withina peagrarhical ocaton
are wlao kay in detemmining toe glucasinolace consenc -5 T oue
kacracladge, anly o tow emdizs o the thermal degreadation of
tnclivichal ghicosinnlares exisc .

Theaim ot the: prosettwors was inmastipgae de intloenee nf
s permperatire, el arive humeicios and the duzation of seler rediacd:m
on T2 aentaet of speaitic gheasinnlates in Brasmeaccac, (oo
goal was a better uodacsranding of the suitability ot Brassicassac
cultivar an in oy eonmcitally differzee repions, miang, ints
acponat the role of glucosinelacs a3 post detence mechanisms,

I repd <3 Feod, Aricaliusy & Uvammreens, Vil W00, Apm 2015

hlaterlals and Methuds
et mrivderiad; A el cxporiment was conductcd i 2070 i e
villpag Faernja Lipiica (40% 150 Satinade, 14500 E longitade, 511
m ahoviz gea lewel h in Slevenda, The scedlings of whies calpage
[ Breassin odeveaed | |L] vas cagadbedn E olfa} wore ewltivatad at
the Depastrentof 4 gronomy's (Rictechmical Factity in 1 jubljana,
Slgeeenia) preenhouse acaording o rhe proteoel dezarbad by
Urdar arad 25Ul vape (Hraesiea sgme | L. | 3p.shafae £ ke,
cw. Davicla, whitc muatand (sivapis it | L. |1 2w Filama, and qil
radish [ Mogshiares seelfeas || var, cdaifeorrnis ] aw & pall, wre sown
con fhe (9% April 2000, whersas white cahbage seedlings, ov,
"Tinzemi {imid-cer y beheicddand o, " Hineva ' meBiu-larz hdanid),
wers ransplanted inan open fizld on e 2090 Aneil 20000 A detabad
daseripdan of'tae fizld axpor mentiz deseribed e Bobie and Trdan =

(Rncnsinplare dntarmeinating Plast maerial for the analsis of
rlucoyinolales way sacpled &t difforent intervals. The matzral
way harvested using scigmars. Four samplea ot individual lant
pars ware colleersd omecach aggessmnzat Jate. Individual samples
{trom cach apeciza) were reprearentativz atthe plancs innne plar.
Oin cenin asazssmnent dates, in addizion to the 2xmples of white
rowstard lesves (R0 bune 20040 and 39 July 20040] 2nd il radish
Iy (7 Tt 2000 25% hane 20710 and 319 nly 201 i, we alsa
collec.ed representat ve sumaples of blosseras of zach species.
sampling ot'the cashape leaves waz porfnrnad az five different
incervals: om 26 bay, 16 une, 4 Tuly, 20 Dby snd 17 Avgust 2015
sampling at the ahowe groannd paits nfool =ape was performsd ar
five Cifferensintorvais {19 Mass 8 duas, SJuls, 31 Juke and 31 Angust
200 (ky, whierzas thasampling ot ail radizh and white mearand was
perfimmed at four ineerva lsz £1c fonmer, 19 May, £ heng, 23 Juneand
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I10uly 2000, e e bier, 190y, 8 June, 25 June aned 3 1uly 2010,

Frur samplas ol individual plant species wers vollestod at
individual intezvals, and each individoal sumple {the spocitied
part of & planl specieshwis the representstive plund sample of one
block. When analysing e glucosinolates, 1he analvais of
individual samplos was repeated tarice. The matarial was feeee-
driedd {LIC-10HF; Kambié Laboratorijska opremd, Semis, Slovenial
und aomogznised prine o the stractins ot gluoccsibolaes. The
Iyophilised samples were sred n 50oml komles in g feseer
(U3ZEAY: Sanyn) at -KOPC. The glucosinalars <xteaction and
unlvsis ware perfarned seeording ro 154 9167 1-1992,

Wewrrfeer comditinns: The average air rclative lmmidity, avarage
#15¢] o imurn wir lemperatures, and the duration of selar radiation
in the locutinn of the nearest aprometconological station {Lescs,
26521730 N lacitude, 14997237 H longitidz, 492 m above sea Tevel)
durioe e experimental peciad 12 20100 ere presenced in Tahle |

fhete amrfestsy Che rescles were statianeally cvatuaed csing
Statgraplocs Centurion X% 7, We calenlared the corselations
herween e concemration ol anomdividoyl glocesinelace in al’
fonr B-assicaveae species and westher parameiers hased nn e
analysis of e pucled resulls of glucosinolate content and the
weather patanssiers v =pecific days (days 5. 2 and 1 before
sarapling and 3 the e olscspling)

Resuls .
fafluence of average duill femperatiore on a specific
fhresinadaiar A positivg low cornelation e =G 300 was estathshed
ab 5 atry's Boton: sampling beiwcon e average duily vemperature
and epiprognitrin conent (Fig, 11 W Tomd s pudzate conelation
{r = 0.707 berween the averape daily rempectye god e
spiprowzilrn value at 2 dava betarz samaling Tig, 21 The resulls
of the ststical analyaiz showed a suppigssion clfoo v 0.25)
al e average daily temacranaee on the plicons i coclenl sl 5
s betone sazpling, weacroas the averag e deily remperaire has
amadenile negative ettoct {r=-06 T an Dz slecanapin contenl |
Aay Taslpzy sunpling

With regard Lo the glucobrassioin eontent, e catablished o
mnderate negalive inpuet 7 <0600 of tie svorage daily
emnperatues 3 days belote campliog, o moderate azgative impact
(=LA pottheavesze daaly lorspesa luze 2 das before sampling,
anda negative afteer (=0 3310l s average daily ermoeature 1
iy bl sampiing,.

fffuence af tha highess dully tempectire o @ specific
ahecosinedater Analyses of die vasilts denoonsiated a low wopact
af the Lighes! wemperature on the content of glucobrassicin ot %
days betore sumapling (r=-0 221 (Fig, 2% whereas aninMuence of
the Tiglcst tempereiore was very wizas at 2 daws belore sampling
== 101 (Fig. 43 The impace of the highest dai ly renpeniuce on
the convienr of' s et o hpha e or acoma e plocos inol s verde).

Tuble 1. Averape wed ier prracoeters in Leses in 2010,

The someat of glocoaapin wis i fluenced (1=10.54) by Lha righest
dgily svmerarare o0 2 dave before sunnling, whoerens there was
it (= CE ] deicsbad Tor G iehest duily temperatire as s
ciays hefore gamprling,

Inffaence of the average dafly relative Riesidie on @ specific
glucesireslarer 1'he contant nt pluconastrtiin wis influenced by
Cre e pelintive humidity oo and one days heioie sampliog (=
1, wherse we detected no impact (r= 0,077 ar five days befors
sammpling. The resuls showed & very woak negalive impict of the
zeant relulive humidity on the comtent of ghoeanapin a5 diaes (=
-0.18) and two duws {r = <0001 betore sampling, whersne e
avarnpe relative humidicy ens day betore sampling had A sieong
poaitive impae ] e — 077 an the concen: of gliconagin,

Frupeact wf e wverve durvatton of solar radistine an o specific
glusosfeeofarer Twerestingly, e rosulty showed & vory weak
negaive imcpacl{r —-0.24) of the mean radiation at 3 davs before
garnpling vn the content of glueobrassizing Similardy, seong
positive impacts of lhe mean radiation duration oo the
gluconasmtsiin coment ol 5 (r— 1 Jand 2ir= 1) days hofin sainp T
wing [ud. AL ooe duy before sumpling, the intlucnee of thy
mean radialion on e contenl of gluconasturtin was very srang
rr=-17 Similacly, & gloone aepalbive mtluenee of the radiatioa
duration on the conent of epiprogedirin ut 2 days betnre sampling
was deteared (r—= 0.2 b wherss the irmpacl uf the average rdiazion
curarinm an 21 singin coolenl bl 2 Jayd before sampling waz
pesitive and moaderats {v = 0,541

tamace af relailie Rimildity gnd temperaiure ar te fime of
sinipiing far T ) Arche times of 2ampling, wedetscled o stoone
neenlive opact of g celanve bemidity oo the content of
phucohrassicm (r= -IL74), and a pegaiive impacl un spiprogoinin
wetss ilsn derected (T=-0.327; there wis also sironge impace of the
Lemperalure at 7 am. on the enntent of @ pipeopoilo: (1= -0.45).
Wi detected u strong negative impac! of the lempecaire on the
vonlenl of progoitnn (r= -1, wheicas e izpact of the relative
bmziddity wits strongly positive {+= 17

Discussinn

The rezulls of our s ludy indicate that the zentenr ol glucosinuloles
is influcneed by enviconmentzl factors, which was previously
reported Ty Toask of of. . However, the findings reporied in the
literatine mostly refer 1o the impact of drought* 2, [nconlrasl, we
focussed on e impact of the sverage daily rempeciiure, the
highess daily ten periture, e neerage deily relative busidily, and
the average duration of selar radiation and fovod Ual dillerent
proupd of ghusinalales (aliphade, indele, and arcmatic) dilfer
with regard to envinsionestal influence. As (lzrang ool ' ve
also found that glocobrassicin was the most impertan: indole
plucasinglates in Brassicacens. We behove that the gapoessiun of
elucebraszicin is relarcd fo e Lot thal indole ghiensinel ates ae
considerad we be much more sensitve o heal
aatment than aliphabie ghoeasinalles |
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be delerzuinesd by he vwuus soevwcs involeed
im ol svntheses *

Lode 1s kowrwery abwone the impact ot ercather on
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24  UPORABA PRIVABILNIH POSEVKOV Z NAMENOM ZMANJSEVANJA
POSKODB KAPUSOVIH STENIC (Eurydema spp) in KAPUSOVIH
BOLHACEV (Phyllotreta spp.) NA BELEM ZELJU: DEJSTVO ALl
FANTAZIJA?

BOHINC, Tanja, TRDAN, Stanidav

Trap crops for reducing damage caused by stink bugs (Eurydema spp.) and flea beetles
(Phyllotreta spp.) on white cabbage: fact of fantasy?

International Journal of Food, Agriculture & Environment, 2012, 10: 1365-1370.

Prejeto: 20.11.2011; sprejeto: 23.04.2012

V letih 2009 in 2010 smo izvedli poljski poskus, v katerem smo preucevali u¢inkovitost
treh vrst privabilnih posevkov (oljne redkve, krmne ogrsCice in bele gorjuSice) kot metode
zmanjSevanja poskodb kapusovih stenic (Eurydema spp.) in kapusovih bolhacev
(Phyllotreta spp.) na dveh hibridih belega zelja. Poskus je potekal v &irih blokih z
naklju¢no razporeditvijo. Obseg poskodb kapusovih stenic in kapusovih bolhacev na zelju
in privabilnih posevkih smo ocenjevali v 10-dnevnih intervalih. V letu 2010 je bila krmna
ogrscica ngjbolj dovzetna za poskodbe kapusovih stenic, medtem ko je bil obseg poSkodb
kapusovih bolhatev najvi§i na oljni redkvi. V letu 2009 nismo ugotovili izrazite
preference kapusovih bolhacev do posamezne vrste privabilnega posevka. Obseg poskodb
kapusovih stenic je na glavnem posevku zacel narasati v zacetku julija, medtem ko je
obseg poskodb kapusovih bolhacev zacel signifikatno narasati ob koncu maja. Daljsa
rastna doba je lahko razlog, da je bilo zelje, cv. Hinova, signifikatno bolj dovzetno za
poskodbe preucevanih skupin Skodljivcev. Indeks poskodb je bil na zelju in rastlinah
privabilnih posevkov vi§i v drugem letu poskusa, predvsem zaradi dejstva, da pred
zacetkom naSega poskusa na omenjenem zemljis¢u in njegovi okolici niso pridelovali
kapusnic. I1zbira privabilnih posevkov ni imela signifikathega vpliva na pridelek zelja.
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Mimi-Amsdariia [, P00 JSowrnal of Fond, Agriculivre & Enviomsen Vol M 2013657570 2002 vwaoiardafoocd na
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Trap crops for reducing damage caused by cabbage stink bugs (Eurydema spp.) and
flea beetles (Phyllotreta spp.) on white cabbage: fact or fantasy?

Tanja Bohinc ' and Stanislav Trdan *=
' Zgornfa Lipeica So, SI-4246 Kamna Gorica, Slovenia. * Department of Agrowsomy, Biotechnical Facwity, Chair af
Phytomedicine, Agriceliurel Engineering, Crop Production, Pasture and Grassland Managewent, Jamnikarjeva 101, $1-0007
Linbifana, Slovesia, *e-moil: stovisiovsadaon @S wni-lj si
Reveived 20 November 301!, arcemed 25 Aperd 3002
Abstract

I 200 and 20010, a fleld experiment wid carmed out to deszrming the effzct of three trap coops {oil radish, oil rape and white mostasdy s o protecrion
mathad against cabbage stink bugs {Exrydema spp.) and flea beetles {Phydlodreta spp.) attack an twa frybrids of whits cablepe. The expeErimEnl wis
desiymed as rndemized complete bleck with foor treatments. The damage consed by cabbage stink bugs and flea 22t les on the main crop and the g
crops was estimaled m !I"I-llil:,- inbervnls, (il mpe wns the most attractive teap coop for cabbape stimk bugs, while flea beetles di!{.ltﬂ}'vlﬁ specific
prelenace ta oil radish 85 a trap crop in 2010, Flea beetles displayesd specific preferzres for ol radish as a trap coop in 2000, while they did ot
display specific prefienmos W any of trap crops tested in 2009, The damage cased by cabbage stink bigs on cobbage stanted increasing i the
Beginning of Jaly, The damsapge caused by flea beetles, un the siber hand, socied incressing at the end of May, Cahbaga hybrid *Hinova® was more
heavily attacked by both growps of the pests, mosthy due to its longer growth pesiod. The extent of damage on enbbnge and trap cropa was higher in
the second year, since before 2009 no Brassica crops were grown in the near vicinity of ihe experimental plot. The trap crop spacses his na importan:

offect on the vield af cabbage, since the pests on trap crop plants were not cantool with insecticides,

Key wards: Cabbage stink bugs, field experiment, flen hestles, trap crops, white cabbage.

[ntroduction

[n European countries cabbage is known as a field-prown
vegelable which is attacked by a large number of harmful inscct
peats ™ 07 Cabbage stink bugs (Swevdemo spp., Heteroplen,
Pentatomidae) and few beetles (Fivliorena spp., Coleopiera,
Chrvsorzlidae) are impertant pests of cabbage leaves end their
control is economically justified "=, In Sloveniu coly dellamethrin
18 regislener] wpwinst flea beetles (FBY, while no insecticide st all is
registered for controlling cabbage stnk bugs (C5E)

The method of rap cropping is used frequently when no
insecticides are registered against the pests, when the insecticide
is expensive or when the main crop has no resistance 1o atack by
the pest ®, Trap erops ore planted or sown among the main crop
plants or in their vicinity in order lo alizact harmiful pests and

- -
sirnullaneously reduee their mimber on the moin crop ' Plants Elw r""f il g £
which serve as trap crops are also locations for oviposition. They % E":E.Bh ;Tln:::sh kS
can be treated with plant protecion products and thus preveng o oill rape ail rope o
further develapment of harmful asgonisms 7. Trap crops can ke & |vonteal contiol 2

§ i s i . ¥ = =
amy efficient altemative to insecticides ™%, which were proven to E “f"""d'_"'-‘""‘i % i b - op
reducs nurmbers of nutural enemics in cabhage fields, consaquently :;mr?q:“ = ::ﬁ“h
ncreasing economic significance of plant pests *, Trap crops as E i d ol rape i
well as imtercrops and intercrops alse represent an important | il rudich oil radith T
hubitat for useful arganisms = ¢ ™ | white isstard white musined | ™

In cur study we wanted to determine the 2ffect of vil radish, ol 1 n"""'hpe"' Z“I"r': 3
rape and while mustard as the trap crops against CSR and TG in B | bite muntacd i st
production of whire cabbage 45 the main crop. ™ | ail radish il radkish b

Jourmul of Food, Agriculre & Ervironment, Vol 10(2), april 2012

Materinls snd Methods
Srudy site: The voo-year field experiment (2009-20010) was caried
out on he field of 528 o in the village Zgomin Lipnics in $lovenia
{46715 M lotinude, 14*10" E longitude, 511 m above the sea level).
One year prios 1o our experiment no large figld with plants of the
farnily Brassicaceae was cultivated near the said location.

Fietd experiment: The field was divided inm four blocks (Fig. 1,
The three species of trap crops were sown within the plols in
separate teatiments. The fourth treatment was the contral, where
na frap crop wes sowed (bare surface). The treatments within
blocks were arranged randomly. In both years of the experiment

whive crestard il muskard

Fignre 1. Sketch of the ficld expenment in Gorenjsks in 2006 and 2010,

1365
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wizveed ol racish (R sadvuy vur ede Govriig) of the sort
FAp0IT, od] rap { Bvissice seapwe ssp. oleEea O biensis) ol Lthe
s Toamiela’ ot wiite o and Lo i) ol the sucl 2l
These 90eTe SR 0 Lwed 20we, Sie fow oot each ower side ufall
fonar hleszez, O 1ty inngr side o =onh rews teadil e bvbzids
af calibage were aoen Tucana” (et periad 60-6% daysn and
“Hinewa” Jgeeeanth pariod 1200140 Qas, The salbbags was plantad
et the planting distanas of 30 zm =4kem,

The trap crops wete inthe first vear of Tho axperimenn sewm an
thie U uf April, tn e sopond vour of the cxporimenton the 190 a8
April. Tae pluntimg af eahlaes secdbingr was in the =irst yzar
varcled vul iz gwen dews fom the 25™ und 247 of Aprly, 11 the second
v Ul Lhe e xcesiment we planted the seediings of cubbape on e
2"l Apnl The seschings of cebbupe wers planted on 240077, the
frap crups were sown un 288 w7 The size of individual plotwh
i caups withinizudieidoal blucis was 18 07, In L secomd woer
of he experiment the said surlves was wened with mineral
fomrilizers, adenely with 23 kol PO LS kg of KO 15 g of
MpCha] ki ol Cal,

Feeld obsorwarlens wed evalnarion: The dansize done by harm gl
pests ur e vibbaee aod e oap creps were o bola veass
cealnatad Dines twes Do approadziely [0-e weecals, o
the tirst yeas of e experizietl we began evaluarine e dumoge
o1 the beap erops oo e 129 00 My audd eoszluued vz tbe 257 of
Mlay. The: evaluation ol damage caleml vwas complated oo 17
of Sepeamber Tn 12 sceond vwar of the axperinent we bagan
cvaluating the damage o e ey sooos om e 3% ol Yav anld
condued on the 157 or May, T'he ovaluntion was aampHered an
the 15" uf Sepremnber. In the firse veur of the cxperimenr wre hegan
et darneee on be behrid 7 weana’ caudsd by Lhe spoeics
Ewrpdmer spp. wnd Fieflagera spp. on the 15% of May and
vorhizued vi the 25" of May, The evaluativa of demagge exeen:
wits cornpleled v the 3% ol July o the seeond vesr of the
cxprisnenl we bepan evalunbiog the darzage on the by nd “lueuna”
ot fhe Phol by, o costioued on e 130l huy. Durinw the
govath peniod we evalured e hauwes sxenl oo eleven dilleeen
davs, up to the 13 ol Augoet The evalvabion cf he damages
cxrenr ool The Jopbrid TTIoouea’ wirs o 2009 carried ol on bwelve
dittierent dawes, fromothe D8 ol Waw 1o 1he 17000 Seplember In
2N Gbegenovaluaning e damags oo s ol May, and cocbineed
on tha 13 af May Dcing tha grovell proiw] we evalvalsd the
damage cotent ne foatecr dificront days, wp o the 153 of
Seplember.

‘Ie damage v cabhage atink toes was cvaluglsd by e 6-
ereile visual senle ™. wiich was oviginalbe deseloped o cealuaing
e done by omion chrips {70 i faded Lindeman an nuter
canbipe leives, while fn 2006 suceesstully wasd o to cvaluate
dzoge Jone oo cabbage lenves oy cabouge sonk bugs ¥, The
dzmage Aoz b [lea beetles was evalcated by 21e S-omede FPPO-
seale = Tdividual cubbage heads were weighed whan
techrglogically ripe In 20090 lhe hvbrid ~Tucuns” veache:d
tehnologival sipeuess va Oue L0 ol Tuly, i 20100 the aeads ofthe
s Lwbicid weare colleced vo the 167 and 17" Avmust. [nthe
fieat yoar ol e expermend Uy hzads of Lhe bybmd *Hinpva® were
ol ioeted on the 20% and 2 17 of Seplember, in Lhe secoad year of
the cxperunen. ey were colleclsd om e 170w 200 of
Sepramber, The extent of dinnagse done o cabhoee and cakbacz
crapz by Tanlul pesls was < valvaled o repard o the disiznce

1ah

betacen <z cahboge and the trap crops, Bezides caconding the
durmaps extent cunsed by the studicd armfil peses during gtk
pericd, we wealuated e prowth stages of hoth hyhreids and all
lrup crops. Phe orowth stagcs of the tap craps were idealifd
wiiot BCTT-eale for the prowia suames of rape seed =%, while the
el slages ol vubbags wene Wentified with the BBCH-seslz
[o7 lealy vegelasles which foom heuds "7

Reda aralpsis: The oxpornmenial sesells were slutistivally
avalared with Y peopram Siilgspiues: plus 4.0 The dicferences
actwaen avoraged wors Svaluwied by varleoce analysis
CAANOVAL and SnidentNewanao-keuls muluple ranpe test
(Pl W caloulatad tha enerelation etwgsn the pvesius ndex
o darmape and prowdh stapss ol eag coeps and cobbuge, W also
celenlated the enrziaticn berween 1he cxeoal ol dazses oo cabbige
and the averags mass of cahleage heads,

Hesultz andd Miscngsing

The ereene of damage on frap coops excasd by OSH 2009 T -
X B=ULONXD ;2010 F= DO 700 df = 4 P00 D and F1
The dP= S0 B LR, 20000 F = 24 05 - A4 Pt 000
wi significantly influcneed b she grarh stages al ap czops,
Thas Taey wers ulresdy condimned earlicr for turnip rags a3 a Lap
ceup fur altracang teen Ooleaproran pegss ¥ o 29, weak
vuree htiun wis sstablished aetacen e ceent of damage Joag
ke T (e 0,400 annl OS5 (=032 and the gromarth srage of o
vhope. I 2010, a touderule comelation {=00.33 3 bobarcan the g
wiage ol lrap erupe and e sxlenl of domage done be CSE. and s
weak aorrelarian -— 0,400 lclwecy the extel of daziape dome by
FR and fhe greath stage ol foap goops wis e lablished. When
aseahlighing eovrelation senacen ideidugl eowls slages of lnup
crapw and the extent af damage Jone Ty (e :ludied pests, we
reanhad the annclngion that fhe caindtectian between the sclent ol
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Inngcvily ol wiowiny season, are mnuceordanee wigh theis resgls

The =maan mass o cabage brids weas iufloenced primerily oy
the selaction of ori A (2005 F — 1 29,40; J7

L P 000D ; 2000 F
= 50E% db=T; Pau0oo] 1. T 2009, nap oopsdid ool jofloeoces the
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GUEILSY ol fmap crops on the wield (Fig. 20 In fw scoood veer
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The demage dons by the pesis studied was 11 oach vess sl
cezctzcdan tha trap ceops, wod e exlent of demage oo themwas
conarderally higher “a0 on cabbage. Pael resecreh shawes dhas
vong pants ot the family Brassicacsse ure touch mnre snseopdhil
o I attack -+ therefione ealier sowing of rap crons it our
erperimen. proved 35 eppropriate. The lowes| salent of damape
done by FB was absered on whisg imustacd. The reasom for this
wis Lhe fact thot whits mnstand sonteine highsr sxlent of
eluscsinuliatss  themaost important substanes s sinalbin - which
uspslively allsct mutcidon of FB 7 Te iz nown T secendany
metalnlites conen. inplans varics during the anewh pediod ™,
g0 1 comeclion between the cxtont of damage done b the
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cabaape, Do lo ungven growsh, nil radish oo thoeegs o
congiderible parl ol ils jmowc period, which provided food alse
foruselul insects. Sinee hia Sredi Spories is very suscentible
tvatzacks by FD, we efNciently prarceted the celibage orowing
nant W i apainsl s oporlnt bitng inseats, The cxlenl of
dumage done i cal:bage by O50, on the other hand, wae
suceesstully eontrellad by tbe rap crops of oil e We thus
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Ui wield of the mam crap %% We can, however, radnas
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lex: competitive plants, choozing tast-grnwing culdvars cec. %
Dby wennterizg ucwd sdusngr fertilizers duringe the proswlh penod iz Ge
seeuz] vewr ul e experitnent we secuced Dixher weeraee vieod
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i3 kwhaP, 01, 280 kgfha K, 0 ke'ha Mgl rand 115 kphad all®
L I:tqurmlmIJ‘ fiertalLgers io b s wonr sonimzwled e the
exlavged corzunece il veld ol e ol crop. Sowe oo mses cides
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e onmzically producsd foud, Advanced arrowechnics could
[urther improve our end mesulls,
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25  GLUKOZINOLATI V VARSTVU RASTLIN — PREGLEDNI CLANEK

BOHINC, Tanja, GORETA BAN, Smiljana, BAN, Deanin TRDAN, Stanislav
Glucosinolates in plant protection strategies: areview.

Archives of Biological Sciences, 2012, 64: 821-828.

Prejeto: januar 2012, sprejeto: april 2012

V preglednem ¢lanku predstavijamo pomen glukozinolatov v varstvu rastlin. Rastlinske
vrste se pred napadom skodljivih organizmov lahko branijo na ved natinov. Kriznice
(Brassicaceae), katerih pridelava (gojenje) je v svetu zelo razSirjena, se pred napadom
Skodljivih organizmov lahko varujejo z glukozinolati in njihovimi razgradnimi produkti.
Vsebnost glukozinolatov variira med posameznimi  rastlinskimi  organi  oziroma
rastlinskimi vrstami ter glede na razvojni stadij rastline. Med dejavnike, ki vplivajo na
vsebnost glukozinolatov, Stgemo bioticne in abioticne dgavnike. Vrsta glukozinolata
oziroma hjegova koli¢ina (vsebnost) pa vpliva na dovzethost posamezne skupine
Skodljivcev. Prenos omenjenih znanj v sisteme pridelovanja kapusnic je lahko otezen
predvsem v obmocjih z zmernim podnebjem, kjer so rastline izpostavljene napadom
Stevilnih Skodljivih organizmov. Med takSna obmocja spada tudi Slovenija. Zato bo v
prihodnje pomembno Se vet raziskav nameniti razvijanju novih ali izboljSevanju obstojecih
nacinov varstva kriznic pred Skodljivimi Zuzelkami, kjer bodo lahko svoje mesto nadli tudi
glukozinolati kot eden od dejavnikov naravne odpornosti rastlin.
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GLUCOSINGLATLS IN PLANT PROTECTION STRATLGIES: A REVIEW

TANTA BOHINCY, SMITTARA CORETA BANE D BAN! and 8 TUHEPANT

flanversisy of Tinblane, Betechrbcal Raeley, Dept o Ageanenng Chile of Plomosedizive Agdoabtend Bngmeo ing,
Corng Mrodiction, Pasrure und Crasslond Adanarament, 51-1111 Lju'c-lmr.a, Slowoenia

*imstiute far Adrieii

O, TER-27.000 Splin, Croaria

Dimspivaze of Agricafture angd Forisn, 352440 Pored, Croatis

Abzirage - 'Uvs review discusses the mportance of giieesnoases i plact peetes dun. The Drassicaceae, which g culti-
vated wouldwids, nse glucosinslates and 1theil decownnosilion producls 1o deled timoselves aaivsd atbacks Sy harmful
crganizmg. The ghcesi sobers comtant warics aaeang individual plant saecies, pland vogans and developomental stages. Lhe
glucosinelate coonent Lo planes s alse aifected by Slotic and ebivlic Zaclurs, while e Lype ar quanialy of g ecnsinaare de-
termings the sescestibility of the plants o Wsect pests. Thess Bcls cun pose 4 problens when implemzenticg this srewlodps
in enitivation of e Brassicaceas, especially W regions wila moderais climates waere Brassicacoae crops are exposad Lo
allachs oo o diepe venober of Lo ful argacsises, Uneer Use drounslonees, s essertial 1o cosearch new, o ta isnpros
thee exising environmentally acceplable metbods of pritecing Tras-icaceas plaas agamat ecoromically important pests,

o voords: Gluoosinoioles, peneraids s spectehats, Drasguenceze, meedticidal effest. biofirmigation methaod

IRTRODUCION

For decades, fmrmers Tave leen H|:EI1I[J|iI1}_; 1o -
aps Ltha harmiful OTEAMISTS that foed on Bhassicareae
crops by application of synthetic insecricides, which
in many cases prowduce negative consequences, sucl
as the development of resistance and negalive in-
flaeaces en aatural enemies (Hooks and Sobinson,
FHET. Hecause of the socio-vonnoimis LTS DI
i o the evcessive use of synthetic iassctividas, the
use of new. exvironmentalby acceprable methods for
phant protection is gaining grownd. These praclices
often invalve such stralegivs as use dilfereol daes
for wwins planiing, selecting resistant cultivazs and
cullivating rmized coops (ooks and Johnson, 2003,
Trefam et al. 2405 Ramalho ot al. 24832 Bolioe and
Trcan, 201200

Pleits Jrredlec] Lherrselees Trom kazmiol LIpAD-
isms 1 Lwo waps: via nworpchobopical barriers (Smith

HZl

elal, 2003; Broclgusrden of al, 2003 Miller, 2008;
Trelan ol al, 2004 and wath chemical substances
(wecundery metabolites) (Pontopaidan et al, 2003;
Brockgaarcen et al. 200 focas-Barlwess ol al,
2011). For the Brassicaceae, (hye defemse mechaimism
iz predominantly chemical and incudes plucosi
oraley {Bjorkoran ot al, 20110 and their decomipo-
silion products (Brockgaavden et al, 2008 Pl el
al, 20040 It has beer reparted thal maoy of the wild
plants belongiog o the sarmee Tamily as plants of apro-
e Dinporlanee ofen contan farger quantities of
secemary motabolites Pran their ouitivated relatives
(Chaplin-Frovier et al., 20117,

he purpase of i report was o collect reszarch
Ondings ogurding Lhe influence of individual gha-
casinolate groups on economically Impeclan pesis
and, as far as possible o promole He ose ol the nata-
ral reststance of Brassicacese in planl protection and
frod prodwcrian,
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Viersatility of the Brassicacoas

The Bressivacvae {we Crucilorae) comprise 5200
plant species, including fodder planats, vegeables and
ornamental plancs some weed species are also in

ciaced in this family (Ahuja et al, 20005 Arong the
[rassion

eae ol preat agronumic dgnilicance are cib-
bage: { Brgasicr oleracea T ovar, et ), cavlitlower
(Mrssica oleraces L. var, botryits), brocceli (i ression
cleraeea Loovar ifalica], Bruassels sproats [Srassica
eleraovn var, gesmimiferal, lurnip rape (Brassfod rapo
L. ssp. selvesins 1 awnonualis), diflerent species ol
il s {irayedon emcrs, Mrocsios mig ael Brosai-
et hirin) and some olher spectes ol lealy vepetables,
Teoduction wy different clunate conditiens (Biiok-
man et al., 24110 las enabled the Brassicaceae, which
are Impectant from both apronomic (Loay er alb,
2005 Vaughe and Berhow, 2005; Careea et 21, 2008;
Blagevid and Mastelid, 20090 amd coonorniy aspecls
Cvangln and Derbow, J0050, to develop diffeoent ve-
sistance mechaniszas agadnst barmbal organdsms.

Celtcnsendiains: ot aeleristne s |.r!.'.|1.x.'/l.* featiabie ey

Clueoginelsles are seewndary melabolies {Klichen-
stown ot al., 2005) that ave characteristic of the arder
Copparales (Ab-Grendy et al, 200 Bjirloman et al,
201700, primmarily represented Ty the Family Brassi-
caceae Grillils el al. 2000; luboson, 2002; de Vil-
bena el al, 2007, Cartea cb ol 2007, Bladevid sl
Mustclis, 2009, Al-Genady et al., 2010; Midller et zl.,
2010: Didrkman er al., 2017 Winde and Wittstock,
20110 These compends: are also prodaced Ty 13
other hatanical families (Newlnn el ak., 20097, (3o-
cosinelares consial of a [:I-D-Ihiugh'n s RO, @
variuble
sicle chisin (Reckwilder ol al, Y008 Vig el al. 2004
Tlabenid and Mastelid, 2005, Al Geady et al., 20100
bused on thelr side chain, the conrpounds are Sivid
ed into aliphatic, indale ané asamatic {Carles and
Velagco, 200; Wan Dylen el al, 2008, Tav presence
ol glucosinulates varics berween individual plect or-
gans [Fahev etal, 2001; Winde and Yittstock, 2011,
Flant species {Mloves et al, 2800, Chaplin-Kramer ¢l
al.. 2001, devedomnental shayn (e Vidloma ol sl
073 Cerles vl al, 2008), and also depends on the

sullcemalon] oxirme foneliona) LT arsl e

weallver condilions (Velasoo el gl 2007 Winde ancd
Willsleck, 20113,

Liweosiooaates aifect indovidual prewps of pests,
generalists or specialists, differently (Lankan, 2007,
Milller, 2015}, with The: activity of these seeondary
mciabolites cither stimulating or deterring feeding,
When the plant tissue (cells) is daraged, variows
biotic or abictic factors cause the hydrolysis of gla-
cusinnlates, :'t':{u]li:'lg in the 1.'»:1'.*|.1ur_l.it'lr1 ol Jsolhio-
cvaneles, Lhivovanales and milriles (Broskgasrden
ol al. 2008; Mibice, £000], Isothiocvanates and ni-
trilus stimuate =pecialist pests. whereas thelr efect
on generalists is mest often considersd resellent
LxREller, ZL09). 1he insecticidab elfe) of isolhiogy-
anaies o representaiives of Lhe omder Lopidoptera
can be commpared o the ellecls o) synthotic Inseot-
cides; conversely, the ctects of nitriles are less pro-
mounced, and they primarily serve to attract natuwral
enemies (Sohranm et al, 2012

J-t_,'?ur'rrcr i r.:.'-gfu.' rratetdi e e ﬂ'.:-'.-.‘hq.?hf:guldﬁ riwet

NI ref Uhe Rrvessicuoeine

To defend themselves agginst plant secondary me-
tabolires, herbivores have developed sevoral physi-
ologival delense mechaniams (Textor and Gershen

eom, 2H9), [lerbiveres can redoce the effects of
svcondary metabolites primariby by ranid enzyrstic
decompuesition, thereby lranslarming e inlo fess
tocic or nan-toxic derivales fearpaunds), or by rp-
idly sxcieting then (Podran o al, 2008; diller.
MGG Tnlereslingly, certain species of herbivores
can coploy pluocosinelates for their own defenze. Al-
though these species are primarily a small group of
sreciabsts (Pontoppidar et al. 2003; Brockgzarden o
al 2008 Chaplin: Kramer ¢ al,, 201 1}, plucosinolaies
exers Lt eflects on suene speoialists (Pozhnan et
al, 20081 Tor clefend dslf against natural ensmies,
the: cabbage aphid (Brevicarsse beassicae [1.]) pru-
dures the envyme avvansinase which degrades plant
plucnsinolates [Broekmaa-den of al, 2008), & similar
delense mechanism is used by the mustard aphid
iLipaphts crysfimt |Balrenbach!} (Prarr er 21, 20608;
which occaztenally infests nilseec repe aril covtain
ruazard plants § Rana, 2003,
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Caterpillars of the small white buttertly (Pieris
rapae [1.]) can degrade glucosinolates threuph a
specific protein fvund in their intestines. The pro-
tein transtorms unstable sglycone nte nitriles
which the larvee then excrete from their bodies.
The translormation of these toxic sethiocranates
inle Jess-loxic or non-lexic nitriles alse oocures in
other speries of the genus Pieris, Piers vigien-
sis (Bdwards), the green-veined white (Piers nap!
[1..13, the Targe whice { Pierie brassicae [L.] ) and also
in the orange tip (Anihocharis cardamines [L.]0L
Stimulating effects ol glucesinolates on he adull
ternales of the small white (Feris mipae L) and
the large while (Pieris brasiicae (L]} have also been
eslablisheel iowddion e stimulating effects on
the feeding of large white and green-veined whrte
caterpillars (Smallegange et al., 2007). The glucosi-
nalate concenroation also significantly influences
the duration of the developmental stages of these
buttertlics {Smmalleganges of al, 20077,

Calerpillars of the diamondback moth (Fheelia
aplostetly L)Y conlain the vrryme sulphatase which
transforins the glucesinelates into desulphogla-
cosinolates; the caterpillars then excrete the desul-
phoslucosinelales, A similar svstem of decomposi-
tien was found invae desor, logcust (Sekistocerea gre-
iraria [Forskal]) (MGller, 2000 Textor and Gershen-
zom, 200%), Caterpillars of the turnip sawtly (Athalia
roscee TL0Y wse Ay a]ipha.it and aromalic S;Lh'_lhii-
nolates to protect themaelves ayainst the prodatory
Furopean paper wasp (Polistes dominulus [(Christ)),
common wasp | Yesprels vulparis |L1 and spined
soldier bug (Podisws maculiventeis [Say] ) Midller et
al, 2000; Midler, 2009}, Glucosinolales also prolecl
calurpillars il the Lurmy: 3;41.\-'11}- apaing] sllacks by
the Turopesn Fre ant (Adyraice rebes [T (Miller,
20050, Soler et al. (2007 reported on the negative
influsnce of high glucesolate conceatrations co
the development of cabbage fly larvae {Lelia radi
st (L1 whereas the negalive inlleence of iso-
thigeyansies on vggs was deiceled for the Brassica
pod midge (Dhsiemeura brissicne |[Wine.]) {dbman,
1985; Bidrkman £7 al., 2011) and on the feeding of
rage beetle [Meligefhes veseres [Fabricius|) imapos
(Coook et al, 2006,

The accessibility of cifferent Brassicacede species
within a specific area has also influenced the differ-
ent exienis of damage caused b cabbage stek bugs
{(Frrwdere spp), and il was reported thal the g]u-
cositolates in oilseed rape had the grostest stimulat-
ing effect on the feeding behavior of cabbage stinl
bugs (Bohinc et al, 2012),

Inflieence of glucosinelates an palyphagous insect
pests feeding av ihe Brassicacece

The influenee ul individusl glocosineiales can signii-
teantly affect the fecdmg Sehavior of the bortha sr-
ourworim {Mamestra configirata | Waller!) Indeed,
Lhealaility s plant Lo defond dselCagainsd aliacks by
this specis is affected by the presence of sinalbin and
sintgrin (McCloskey et al, 1992; Ulmer et al,, 2001):
the higher the concent of these piucoaineiates, the
tess likely ir is thal Mamesirg configierate {Walker)
wiill fowel om the plant, One study esteblished that the
areen peach aphid (Muezies nersicae Salzer|) axcretes
gucosinolales i ks honeypdew (Kos clal, 200 1) and
Phns avoids e imsechicidal eilecls of Hhe sevorihary
metabolites; howewer, this is not the case for all of the
zlucosinolaze groups. Plants that contain oaly indole
glucosinolates are much more resistant to attack by
the greon peach aphid (Myzus persicae) (Kim et al.,
2008y, which i a very sipnificant pest of peach, to-
Facce, vegetakles and flowers [Vadetic et al., 2008,

Although monophagows caterpillars of the order
Eepidoptera can adjust to glucosinobates [they ase
them for cefending themselves), polyphagons cat-
erpillars of the same order bave no such adjustroent
riechanism when teeding (Schramm et al, 20120,

The Brasswcaceae are not the socst bopurtanl
hosts for the heet armywarm (Smueduplera exignn
{Hibner]) and the African cotlon lealworm (Spo-
doptera B foralis), vel Lthose nsccts can still complete
their developmental cycle. In contrast, the appear-
ance of the cabboge moth (Masesirs brassicge [1.])
and the cabhage lnaper [ Trickophisda wi [Tl3baer])
cati represent 4 setiins problem in the coltvation
of Brassicaceae (Schramm et al, 20021 It is Lkaown
that higher gluzosinobate content coduces the exieni
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of cabbage looper ( Trichoplusia i) feeding (Klieben-
stein et al., 2002). An important factor in the feed-
ing behavior of the cabbage maoth (Mamestra brassi-
cae) is also the selection of the plant variety, as some
Brassicaceae varieties are much more susceptible to
attack by these harmful pests (Cartea et al,, 2010),
an observation that is sttributed to the lower glucosi-
nolate content of these varieties.

Influence of glucosinolates on harenful suil orgamisms
(the process of bigfumigarion)

The term "bicfumigation” normally means the sup-
pression of harmful argamisms in the soil {herbivores,
nemetodes and fungl) using plant species {most fre-
quently the Brassicaceae) that contain glucosinolates
[Elberson et al. 1996; Matthiessen and Shackleton,
2005; Gimsing and Kirkegaard, 2009). Glucosinolate
decompesition products can also influence the abil-
ity of weeds to germinale and grow [Bangarwa et al,
2011; Boydston et al. 2011}, The influence of prod-
ucts created during the hydrolysis of glucosinolates
can successfully be used as an alternative for methyl
bromide {Lazzeri et al., 2004).

The effect of biofumigation can be reached in
several ways: by ploughing in fresh plant mass or
Brassicaceae seed meal (a side-product of the press-
ing of seeds to produce oil). Biocidal effects can also
be achieved by ploughing in dry plant mass, which
contains a proportion of the aclive isothiocyanates of
the Tiving plants {Gimsing and Kirkegaard, 2000},

The use of seed meal has proven successful in
suppressing wireworms (Agrictes zpn.) (Elberson
et al. 1996; Furlan et al. 2010), and nematicidal
{Lazzeri et al., 2009; Zasada et al., 2009) and her-
bicidal properlics have been reported (Noswothy et
al. 2005; Handiseni et al., 2011}, The nematicidal ef-
fects of glucosinolate decomposition products have
teen reported for the species Meloidagyme javanica
{Treub [Chitwood]) (McLeod and Steel, 1999, Wi et
al., 2011), and a high in vitre efficiency against po-
talo nematode (Clobodera rsrochiensis (Woll [Be-
hrens]) has also been conlinmed (Serra ot al., 2002:
Adres et al., 2009).

The resulls of recent research show that the bio-
fumigation method is also successful in suppress-
ing suil pathogens (Mettner et al, 2008; Motisi et
al., 2009), including Fusarium spp. (Martinez et al ,
2011), Texas root rol {Phymatotrichopsis emmivora,
[Duggar] Hennebert) (Hu et al, 2011), Viril-
linmn dahliae (Kleh.) (Larkin et al., 2011), Rhizocto-
nia solani (Kihn) and take-all (Gaewmunnomyres
prarms var, iritici [Waller] ) (Motisi et al, 2009),

Influence of glacosinolates on useful organisms

The actwvities uf natural enemies are influenced by
both the kind of prey and the plant genotype (Kos
et al, 2011). The glicosinolate content in the body
of the cabbage aphid can influence natural enemies
differently, On the one hand, the negative influence
on the predators marmalade hoverfly (Episyrphus
balteatus [De Geer]] (Kos et al,, 2012) and common
green lacewing { Chryeoperla carnes [Stephens]) (Kos
et al, 2011) were described; on the other hand, a
stimulating influence of isothiocyanates on the spe-
cies Diaeretiella rapae (M’ Intosh) was alse reported
(Bradburne and Mithen, 2000; Kos et al., 2012).

The vitality of the two-spot ladybird (Adalia bi-
punctaia [L]) and the seven-spot ladybird (Coceinel-
la septempunctata [L.]), which feed on cabbage aphid
larvae, depends on the sinigrin content (Prat et al,,
2008). Sinigrin negatively influences the species A,
bipwnctata, whereas no influence has been detected
tor the species C. seprernpunciais (Prat et al., 2008),

The application of Brassicaceae seed meal can
have a whole spectrum of positive properlies that af-
fect harmful organisms in the soil, yet it can also neg-
atively influence non-target organisms, for cxample,
entomopathogenic nematodes of the genus Stein
ernemda, as glucosinolate decomposition products
prevent the activities of these biotic agents (Hender-
son et al., 2009),

CONCLUSIONS

Qur review has outlined the specificity of the effects
of individual glucosinolales on different groups of
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harmful and nseful arpanisms {Chaplin-Kruner el
ale 20110 Because the number of registe:ad synthel -
ic insecticides is cominuonsly decreasing (Slojanovis
et wl, 2007 The Lat of vegistesad ..., 2012}, mure re-

search bas been focused on the study of the natural
resislance of plantswhich is manifesics by ennebling
rroprams (Midller, 200%; Ban et al, _‘”J:J[-.-I The wiili-
gation of the inherent defense mechanisms o pluis
will gain more importance i the fature.

The fact thal the glocosinulate content varies -
e cividual planl specics (Miyes et al, 2000;
Cheplin Kramer o ul,, 20L1), between ovgars of tae
same planl speaics and hetween The developrenta
stuges (e Villera etal., 2007; Cartea of al, 20083 of in
dividual plant species, suj poests thet the same species
anc glucosinolale concentration may difecentially in-
Huence {repel or sHmmlate ) various species ol Tuermlual
organisms. W believe thar all of the lisied alriboses
can represend rroblems for the inzlementalicn of this
knoreledge m Brassicaceas production, especiaily in
arvaz with a meodezare cimate where the Brassicaceae
are cxpased b atfack by numerons harneful insecty
and other arganisme. This sttuazco can wedouliedly
be an additiomal reason to researcl new imethods or
b impeove the extsting niethods of e envivomnea-
taily acceptanls protection of Brassicaceac against
eeenomically impor lant harmlal orgamsms.

Ackioudengmients - The prosent seork wes pecbomed wiliin
poect YA I0EF wiich was financed Do (e Slovenian Hie-
szareh Apensy und Pae Mitostry oF Apelalioe and Boviron -
mert of tae Republc of Slvenia. A praliow of the prosent
reszarch was luogded by Llorticaloure % 78 000 30461, 4
arograim tundad by the Sovenian Rezzarch Agence
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26 ZA ZMANJSEVANJE POSKODB KAPUSOVIH BOLHACEV (Phyllotreta spp.)
NA ZELJU SE PRIPOROCA SETEV MESANIH PRIVABILNIH POSEVKOV
KRIZNIC

BOHINC, Tanja, TRDAN, Stanislav

Sowing mixtures of Brassica trap crops is recommended to reduce Phyllotreta beetles
injury to cabbage.

Acta Agriculturae Scandinavica Section B — Soil and Plant Science, 2013, 63: 297-303.
Prejeto: 28.08.2012, sprejeto: 19.11.2012

V dvoletnem poljskem poskusu (2009-2010) smo na dveh lokacijah v Sloveniji preucevali
obseg poskodb zaradi odraslih osebkov kapusovih bolhatev na &irih razliénih vrstah
kriznic. Zanimala nas je moznost uporabe krmne ogr&ice, bele gorjusice in oljne redkve,
kot potencialnih privabilnih posevkov za omenjene skodljivce, z namenom obvarovanja
glavne rastlinske vrste, zelja. Na obeh lokacijah poskusa smo ugotovili signifikanten vpliv
vrste kriZznic na obseg poskodb kapusovih bolhagev. Obseg poskodb na oljni redkvi je bil
signifikatno ngjvigji skozi vecino rastne dobe, medtem ko je bila preferenca do krmne
ogrscice in bele gorjuSice izrazena samo v dolocenih obdobjih. Prvi obseg poskodb smo
zabel€Zili v prvi polovici maja, medtem ko je bil obseg poSkodb signifikantno ngjvi§i v
zatetku julija. Rezultati naSe raziskave kazgjo, da je obravnavana metoda uporabna v
pridelavi srednjepoznih genotipov zelja Ker v naSi raziskavi nismo zabelezili izrazite
preference kapusovih bolhacev do izbranih vrst kriznic, prediagamo uporabo meSanih
privabilnih posevkov v pridelovalnih sistemih zelja. Z omenjenim natinom bo vsaka od
treh obravnavanih vrst kriznic privabljala odrasle osebke kapusovih bolhacev v dolocenem
delu rastne robe zelja.
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Sowing mixturcs of Brassica trap crops is recommended to reduce

Phyliotreta beetles injury to cabbage

Tunja Boling® and Stanislav Trdun

Diaparement of 2 grokedlt

 Heppachoeea Passdos, Dniwendiy of occdons, Lowvians, Soenia

Liecas = 24 Augmest 2000 il wession racaiers 08 Nrmmber Z00T wesged 1Y daivamicr 2670

W sludived Uiz catent <f daorage by cobbage Feo Seedes an Gror dilferen: Buasscn sovcil: Qs a8 ro-yeas fieldd

s

ancl v

CE—I0 R 3t e JocAamions i Sleenin The enlme papenuzenl wes sased oo elCLe GilE00G cape,
rachisl: as pulcnbal wap ceepa o protees sabooge fom cobbage few Bestles. A sivnilicoo

jollusuce of the Frassico species an the Deecing be the flea beerles wae cnnfivmed st kosh Tocations, The durrige
iodest o oil radizh =eas the highest (browghuot owst of the proard period, wheress oillsszd rape and whire
musard were prelezeed ooly duoring 8 cerrein goooch perod. The jwbal daosags bt sabbage fles bestle:
msaiered in the Girel sl of May, whersag the preatect damapgs socomred o e beginovioge ol Jeb Lles reszaach
s e C1zr The enser of mubbews Oea beetle Lovdoe can be contrelied in 2 rmeadiors late cobbage cultivar wsing up
couvpp, Howewer, hesanse nane of she tested mp crope senely atract:d the A hestles chraughoat the eneire
wrnwring periud of Lue erop, we recommend soeing mixtunes sl oreps L cablaee preducoes thua, caeh of the
rhres Liressicz 33 sees woudd siwast pliyophs gons insects duting o porwcular marlal Lhe cibbage oo soason.

Eeywards: Alrernntive methods; Brassaza; cachaps: £08 bestles; rap rrepping

Imireduction

Licod praduscsrs stz 10 maximiae coop productden,
ansl Vi las browehrt abeur maoy side ellevis, Fouwd
producden m ciomusikliyres s dilzoull wichans using
pustivides, whigk leads 0 Qepative CopnECqQUONCEE
MMubvansinen ¥ Beor, 107% Demmarce ool
30113, L lavareresr, he roduced nuinber of insecticidzz
resnislencd Tor suppressing harmtbul oopumsmy (The
dst of ropistersd plenr pratectica producc on
08,048,172, 1125 hag ennoribured ooomate auecamable
nlanl prorecinn (koorge ot al, 200090,

Calahmze {Rrsecico oleraess L convar cofemant L. |
A7, war, aha DNC3, an impurianl wesstable an
Europe, iv sobieut b onsck by o wide variere of
herodul pests (Trdan ot oal, 2008 Feddw, 20103
Canbage tlee betles (Colsoptera; Chrysormelicha
Mwilazreng are g kew geoop ol haemful pests oo
Brassuz [Trdan er al, 2005b; Andersen e oal,
anng, and Plulsrene srsiorgsice Boch, Moo
sMucilerge Lrvesy, Olofldmin sedidwta Buwchera,
Bt veenee e Lo Plpilsmrens sricfass Fubrdus,

T acresacadame authies Eacdal 139, e hine Sk i i

12 7005 Tasder & Fross

Fhoflorene eivg PPabricms snd Pyslioeers sdmeds Red-
lenbracher have beea repereed as the main ea beede
species om catbngee in Sloaenia (Bredih el 20055,
In Ceneral Bvrope and m conrinentsl oers of Sonth-
amn Furnepe, cabbawe Dea bootles wawally bave one
Feneration per went Clrdnm eb gl 200ERD, thus the
development of resstance e certuin meccocides is
nal susarising CTanscy or al, 2009 Trdam cc al,,
20U3HT, Fuehing on seodlings can causc plane death
(Palaniswemy & Lamb, 14902 Irdun ¢t al, I0UEC),
whercas feeding on later developmenzl sagc: can
cecduee e guisnbity o coankiny of prodocticn dJoc e
Cilouncven growth of the shimes imd reduced quantiny
af secd or markecable product § lansey ccal.. 2009),

TTsiceg traps ciopss 15 4 way 0 dececase e vse of
imsrchicices i thew bmeps crops maintain hannital
pest populutiony belew e threshold of ceonemic
damage (Trdan o1 al, 20070 ffoncec o al., 20090,
Althonsel some spucics oF ap amps Tome 15
Lirassice family huve proven successinl o redusing
the intenaicy of cabbage fecding v cabbage fles
baceiles (MTredan ool 2005105, dizmoodback wwodis
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iMussar er al., 20615 Georga er al., 2009 and srink
tugs (Behing & Trdan, 2012), no single ideal tap
coop candidawe has been idennilied w daze.

The purpose of cur reseaech was mosrudy the
cabbaze fles Deetle's preference for cobbare, oilseed
raps, oil radish and white mustard in an efoct o
Jupezonine the most appaupeiale tape cropr Toe preo-
tecting cabbage pgninst the studicd hermfol pests,

Materials and methods
Sty stte and malorial

Uhe two-vear feld expesmment (200820107 ews
conduceed ot owo locations: ao the Laborarory el
of the Biotzchnical Faculny in Liubljana (4670470
latitude, 14°31°0 lopmoude, 34 m abeve sea level
(sitc Omz) and in che willape of Zgornja Lipnica in
e Gorenjska ropion CHE19° ™ larimde, 147107 FE
langicudes, 511 m ebove sea level) (Sie Twol,

The tollowing wap ceaps wore used in the experi-
menn: white mvanrd (Sweple 2o [1.77, ov Flara
(supplier: Semensamma Lublians, 4. d., Liubliana,
Slovenial, oilsced cape (Brosise aogee L] esp.
efeifira €. biremasy, cv, Thandaln Jsepplier: Semernrna
Ljubljana, 4. d., Ljubljana, Sloveria) and coil racish
(Ropiewmer samoey [L] vae. ofifernd), on Apoll
dwvpplier: Semenaenn Livhlions, o, d, Linklbens,

Slovcnia)
T antensiy of Teeding by cabbage Nea hecles
ws studied vanmg ¢ omedivm-lite cabhage cultiver

"Hincova FL°} (growth period. 120 days; brecder.
Bepo Seeds, Inc,, Warmeninaszn, The Netherlands),
Iransplants were growen inon greenhouse in plimt
teays with commercial compeat and fed and irrigated
geporciog e standard pracoce:  Clndsn el ow,
2008,

Frefd experiment

The secting of the field experiment st sits Lo was
idenrical o the sering deactibed in Bohine and
Trdan £2012%. The expenment was performed waing
an area of 528 m? thar was divided inte four blocks
of dimcnsians of 11 m = 12 m. The cxperiment ac
Site One vas pecformed wsing a plot of 234 m™, The
Teled was divided ine fowr Llecks of dimensions of
4,5 m 13 e, The above-mentionad reap crops aoree
seedsd in different treatments within each block,
wilth the Terdh tmesimemt beiong the bae surface
control. Cul'l':.uul,* rultenr TTinoen® wns selzered
becanse of previous work (Uohing & Trdan, 2012
that showe] @ slrmngs ::LHL‘:;:ILJ:-iLly e flea beete
freding, Our aim wns o determing rhe infuance of
e different envircnmens on the fzeding behaviour.

Fiold nbservations aud evalration

The dumige inllicoed by the cabbape Hea beetles was
n@eszad or the trap oeps and the cabbage uwl
spproximately 10-day otervala. Te the firsr pear of
due cxpeciment, we performed £ assessments at Siee
Ooe and 13 ar Siee Two; i 20040, we pertormed &
nesesaments ar Kira One and 14 ar Site 'Lwvo, o bod
vears of the experiment ar Sioe Onc, we anabesed
the resilts of assessmens on fve diffzrent dazes: 3-
Meze, corrcsponding to che last 10 dass of My,
1-Tune, eorresponding o the fimc 1O duys oo June;
2-Tune, the second 10 daws of June, 3-Jurne, the us
10 days of June; and 1-Tuly, corscsponding te the
drac 10 day: of July, Similer saophog peoods wees
zasczszd ar Site Two (Szornjs Lipmoad, with Cires
zdditional sampling intervals: 2-Tulv, cormespomibing
wodie lasl 10 Jawvs of July 2-Augost, e second
10 davs of Auagusy amd 2-Seplember, e seoond
10 days of Seprember. To focilitute the compairisen
merwech the two locations, ondy the specific dores nf
assemsinenils owere wscd. The damage due to the
cubhiope Nen beetles was evaluared using the S-grads
European and  Mediterminean Flant Frarecdon
Orzanizzdon (LGP scole (OTPTVETTO, 20K2).
The plants were evaluated on s szale oo 1 (nn
daeringed 1 5 (moez than 23% [eal area eaten). ws
foallovarss £ aaps 1oy 3%, lenf asen eaten, (3] berween 5%
and 10% leaf arem enten and () 11-25% lzaf arca
caen. 'The growch stages of the toap crops werc
idenrified wsing the Biolopische Bundesanosial,
Bundessortenamt and Chamical Indusrry (BECLL
tcale tor the growth steges ol cilsced eape Mickor &
Bleilialdzs, 1992; Lamcsshire =t al., 1991, whercas
the growrh stages of the cebbupe were acentiled
using the BBCH scale for leafy vegetables cher fomm
heads (lieller =t al,, 1999 Growth stages of mono-
and dicocyledonous plants, 20013 The BRECH scale
for leafy vegerables (fnrming hewd:) oclades e
main growth stages, 28 fellews: (00 germineninn,
{17 lewl developrmeznt Doz shoo, @) development
of harvesmeble vergetative planc pucts amd (5) Infloe-
caoznoe ernergonce. The BROCTT scule o oilsecd
rzpe includes  the  follewing  wrowth amages:
[0 erminuiacn, |17 lcaf develepment, (20 formatien
of side shoets, (35 w2 elengation, (3) inflorescence
emzerzence, ~6) flowerng, 7)) developmene of frwe,
(8 cpening and (9) senescence (Growth stages of
mewnia- wid dicoayledonous plants, Z0017,

Dgta analyses

The diffsrences in the damage duz w feeding on the
leaves of casbage and three trap crops were anclysad
using a gencral ARNOVA (une-way), Pron oo ansalysis,
cack wvarizble was tested for homigmeeiy ol e



Bohinc T. Interakcije kapusovih bolhagev ... in ... stenic ... z zeljem inizbranimi privabilnimi posevki. 48
Dokt. disertacija. Ljubljana, Univerzav Ljubljani, Biotehniska fakulteta, 2013

2013

Drorgnloaced b | Langs Lleshoze] at 12224 21 Way

Aot Agricalturas Seomdinguizg, Section B - Sai & Flawt Sqenee 290

vartanee CRactlants west), and the data fourd o be
nem hornesenne were ransiormed i log (¥ price
to the AMOVA, Troske-Wallis resrs were alsn
applisd to znalvse the impact of diffzzent factors on
the damage level. The differences ("< 05) Detween
the mean vahie: were dendied wsing Stucdenl—
Mewman-Keuls multple rangg test. All the stans
tical amalyses were performed using Stetzzaphics
Centuzion VT (2009, The data are presentsd as
unrmnstormad means -8R,

Risults

Level af infury by cobbage ffea beetics
{Thyliotreta spp.) i 200%

Ihe gernera analyss showed that che lovel of cakbbage
fley beetls feedimp on e eap crogs ol Sie Qe was
determined by cthe damwe of nssessiment [ANOYA, £ =
To.EG; Df=d4; <0001 Kroska! Wallis, 7=
11955, =4, P=.05) and th: trep crop type
{ANOVA, F=7.07, Di=% F=.0010; Kruskel-
Whallis res1, H=16.41; N =24 P = 05%). In conrast,
the evel of feedimg was not affecred by the develop-
mental stage of the trap crops (ANODVA, F=1,23;
=27 P=_1403; Kruskal Wulls test, £ =150,15;
D =27, =136, The lowel of feeding on the

Boi racish  Warle myssn

A e
M
o 2
5;3}__ .........
el oL
uom P
E5 2
BE sl
B ol
4 15

=]

B y
R A
g 30
ERER
:?‘ﬂ 15
E 17
4 ki
4

A-May 1 -une

cebbage ‘Llinora’ wae significamly influenced by
the dage of sseeament [ANOVA, - 19.54; 17 - 4;
P 00 Keushol-Whnllis rasr, A =6594; D=4
P2 050 and the developmental stage (ANOVA, F=
5.2%, I =9; P 0001 Erustal-Waliks, I 45304
Df—a; P 03y, The average damage index in the
lage 10 davs of May (3-Mav) was signiticantly highest
for the ol eadish (2604012 (ABOH =mpes 40—
507, wher=as the damage index on cabhage was “he
levwest an 1.90 2007 (Figure 14) (BBCH stapes 15—
151 The averape indicss of damnge renched their
highest walucs in che fiver 10 davs of Tuly {1-fuly). In
this time peracd, we reconied 381 +£000 as the
averags index of demags oo ol radish (BROTT srazes
B5—7 17, AR =012 as the averape damape index on
oilgeed rape (RRCH 2mpges 52843, and 1624012
on white muszard (DDCIT stemes 52540, whereas
e AVETHREE -C]ul.'l.ilg! tnglex fin uu]l:.:ngl; flea beetles on
cabbapge [BIWC1D stagpes <42—-48) was sighificantly
Joweest al 250+ 000 (Tipure LAY,

The amalysiz of the dam collected et Site "lwo
confirmed that the level of appearanee nf flea heetles
wars influcneed by the dane of asszzsmient [ANOVA,
F=3312; Nf=7; P<0001; Kroskal-Wallis,
B =3251.1%; DFf - 7; 205, the tvpe of mep crop
(AMOWA, F=1.00; =2 F-—.00023 Hruskal-

Aclsend =i MNoathegs culwer
F o

Covasutslicn et

Fignre | (A) Averuge indices {0 SE) of feeding damage cauged by cabbuge tew bostles durity U oowing seasen in 20009

in Livhlana [Ste One). (O Sverae: o
cEE
low:
represenl the SE of e mean,

diecs [ SE) of fecding damage cennad hy abboge les beetes dusing e poosing
nim 2009 in Zgernon Lipmice (Hite Twol, Averuge values beloopiog 1 a specific dare evalustion, fellowed by the s
caae lettor, are nat sipificantly different nccomding o Stedenr—MNewman-Fouls mahiple tange st (00057 Tl bary
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Whallis, FF=35.11; Df - 2, P2 .05) and the develop-
mentel stage of the wap crops (AMOVA, F=5G60;
Lroo-gl; M 0001 Kroskal—Wallis, H=117.244
=& o ,03), The analvaiz of the damage
ths hybrid 'Hinova® conficrmed the spmbeant mtla-
ence of the cabbage developmenial stuge (A OVA,
F=794 T =13 P< 0000; Kraskal Wallis, & —
ORSh TIT=13; P 05), In the last 10 davs of Mav
i3-Marl, the highest damape ndex was found on
vilseed rupe (278 2007 (BHCH stapes 12-15) and
vl madizh (269 --0.09) (BROH amges 15-39),
wheress the average damage index on the cabbage
“Ilinowa’ (208 008 (BECH stayges 15-18) way
Ejgl'LiL-l.ca'.ll:}' Ui Divwesit ANTILETIEE Thes st ied 5pcv:i{'s of
Erassica. The inrensity of feeding by adult specimerna
of Meyllotrete spp. was significently highest cn wil
rachsh (35%+0010) mn dc fesc 10 days ol Julv
¢1-July* (BBCH smges 25-37), whereas the inrens:ry
of feeding on white mustard was sigmficantly highest
in the last 10 days of July (3-Julyy (3,56 20,047
(BROH slges 57691, second 1D days of Aupgust
C2-Augustt J3.47 £0.080) (RROH stages 65-60% and
second 10 daye of September (2-Seprentber) (3,47 +
008 Climare 10) (BBOCH sizge: 81-R75).

Lowvel wf irgury by cabbage flec beetles
(Phyllndvein spp ) i 20TH

Thz wnelysis ol the resule tor che exeear of damage
o thee Brassice spockes at Site One showed a sipni-
ficant influsince of che assessment date (ARNOVA,
F=7539 Di=+ P<0000; Froskol-Wals, &=
283, DF=1; P08, the developmental smge
CANORA, F—330; DF=30; F£-.0001; Krsksl
Wallis, S5 —75.89; L =20 2*«2,05) snd e gyoe of
Hp cIops (ARNOVA, F=16.28; IM¥=23; FP=.0001;
Torusleal Wallis, 5 =2847; DIi=2; D= 08 The
scszongl dynamics of feeding by cabbage Moa beotles
on cablbage was determined by e dae ol aosess-
menl (ANDYA,  F=EEY Di=d;  M<0001;
Torusleal Wnlles, 1 = 30.44; I =4; P = 03), wheroes
nc influence of the develepmental stzge was detecred
CANOVA, F-Llog, D=3 P=10vY FKruskal-
Wallis, F=179.14 TH=% P=1.1%], The signifi
eaithy lawast avernge darmage indices were found on
the plarts of the main crop [cabbage cultivar
‘llinara’y, which varied from 2,44 40,07 in e last
1C daye of May (3-May) (BECH smages 14-39)
3.00+0.00 in the first 10 davs of Tuly [1-Julyd
{BBCH stages 62-657. The domage indices for il
redish vaned from 4 .12+ 0,20 m the lsst 10 days of
My {2-May) o0 3.90140.10 (BRCH stapes 14392
in the first 10 davs of July (1-July} {Figure 2A4).
T pesules of the goneral analyais confireed chac
thz ureasity of fecoding by Pholencie spp, ol Sie
T was sigibcently wluenwed by the dae of

assogsiment CAMNOVH, F=3297 Df="T, P -.0001;
Forushal-%alls, H=23607 4% TI=7; P05 the
plant species (AWOVA, F=ad 3, Tif=1 P
L0 FKreshkal-Wailis, F=115.45 T =2; M =05
and the developmental stage of rap crops (AMIMWA,
= 17.38; DF=40; P<.0001; Kruskal Wellis, Jf =
412,17, D2 =240, P < 05). The seascnal namiee of che
appearance of cabbage flea bestles on the cabbage
bylrid was determimed by the dele ol assessoent
(AMOVE, F=17.01% TW=7, P=.00001; Eruzkal

Walhs: IT—958.51; IF —7;: M 05 and the develon-
mental stage of the cabbage (ANOVA, 17— 14.H7;
L =14 #=L00015; Kroskal-¥allis, f5—156.14;
D=14: P« 05 Tae cultvar ‘Hinoen' displeyod
the significandy lowest damage indices, varying from
2064+0.04 in the last 10 days of May (3-May}
(BBOH singes 1710 10 271 40005 in the second
10 davs of Seprember (2-Seprembery (RBCH srages
4749 (Fiygars 28}, In the first 10 days of Tuly [1-

Julyl, we recorded s charactenisoe mozedss o e

demage index on the three non-cabbage species, Onl
radish was the most suscopadble to sttack by the
calibape fea bectles, The average damage indices on
vl riadish varied froos 2295 0010 i e lase 140 days
of May {3-May) (BRCH smages 19-300 o 4.2% 4
0,10 n the second 19 daye of Seprember (2-
Seplember) (BBCH stapres 67=73) (Figure 2B,

Driscussion

Tl resules of our research show a distinee preferznce
wl vabbige Lea beethes (PhoaTeoreie spped Toe parioular
spsidies of Brassicn, ns was tl2o showa by nthas authors
(Bodnaryk. 19828; Drown et al, 2004 Swleovi,
2009; Hohine & "lrwdsn, 2012}, ln our expenment.
whire mustard represcnted the least armactive oc
appropsiae spocics for cabbage flea beedes. Whine
mustard was also the least atteactive to PhvTorree spp.
leeding 1m the expernnent peclomed by Srandr and
Lumb {19930, The suscepubilily ol cabbags e
bectle feeding on white mustard 35 alzo desembed by
Bohine and Trdan (20 12). This plantcan defend iself
agamsl aack by havmful organisms in several wavs:
by mmeimes ol glacosinalanes Chemically) (Bodeacyk,
1941, 1992k} or by mesns of trichinmmes (morphaln

mically! [Soroks et al.. 20117, Other Brassica alao uze
glucosinalate: to defend themsshres apainet harmiul
arganinms (Bohme etal., 20125,

Of the species roated, we noted that whice musand
was P fizst to reach the ripening stage (BECH smge
Bu-g (Ilassan S Ak, 20120, and the low suscepr-
ibility wl white musard wdamage by Sodloreda spop.
found in the beginning of the growd peosd o 2005
at the field in che Gerenjaka region was very dstnce
W can thus conclude dhat the developrzental soage
al the plunt s o wopora Gctor determining the
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Evaluaton panad

Fiwwe 5. (AT devage bdivss CH5E) of feeding damage sansed by czbbage Bea beetles dunog Twe geowing soason 0 201D

in Tiunljzma (Site Onc). (B Avorage bsd
season in 2010 in Egoroe Lipmica {5 T

s [ +5E) of feeding dnmoge cnvsed by cubbuge lea bee des curgg the prowing
wal . Avezags valuss helnnping oo spesicic dote evaluntion, Fllowed by the same

Towwercose levter, noe ol sipmiliconily dellereal accondue o 5 udent-Kewnian-Keuls mualtiple sange tost (7<0.05), Tao bets

fopaezont the SE of the mean.

intensity of feeding by msecls, w5 wentoned
Fohine and Trdan (2002), The wup creps o the
Corenjaka rogion worc mosc susocptble o atack by
cabbags: flen bectles during blossoming (BECH
stapges 0057 sl which dame the smain crop was
doveloping vegetutive parts suilnble for harvesiog
(BRCH stages 41-49), The feeding by cubhage o
beales on e blessoms was rocorded i other
stuchizs (Leavine & Robernson, 200067,

The studied pupulaton of harmful pess o
Slovemin chyraceristis’ly appeues e large nambers
during the firsc davs of Tuly CTrdesm et al , 20080
Their feading becomes increasingly intrnse undl the
end ol be mantls which was confirmed in cur
:"C'L;'ﬂ[l:h dL"‘,P‘iEE‘ 1|‘It‘ !:-ILll |.|'I.-I. wE II1I|:iI_'I.'I\.] llllll_' '.-II.'.:hl'.
damage a1 the beginning of Maw, Thiting rhe laar 10
davs of Mav 2010, we recorded o higher domage
wnlzs in Tjolslana [Sioe One) than at che £zl in the
Crorengsha regicn (Sie Taea), and this was atmbuted
tin higher cvarage temperarare: (Slovenizn Bnviron-
ment Apenoy, 70100 The average dayrime rempera-
ture in cthe last 10 dovs of May O3-May) in the
(rosenjeka cegion was 15477C, whereas 17,3570
wrsn recnrded in Ljubljzma. ‘The mifluence of the
averags dayrime remporamore on the developmen: of
zabage flea beetles in 2009 was nor csmablished.

The comparison of the avernge davhrme Tempe FaTae
peruss the decades with regard te e location
shonwes] that the average davtime wemperaturs 1o
Liuklipna is significantly kighar tham in the Cromenjs-
ke region (Slovenian Boviranment Agercy, 200003 in
our opinion, this sitaation affected the ecolegy ol the
harmlul pest {loshova et al, 2009, Consequent.y,
thie higher avernge doyrime temperamres facilicated
the more mapdd development of the studied Brassica
gpecies in Ljukljana (Chroame ot al., 20037

Yo found that the averape damage mdexes in the
secnid vear of our cxperiment were slighcy hygher s
binth lecaricns, which can he anribuoed o the effzc
of crop mtatton CAndoracn et al., 20067, We cmphe-
sige that the lecagen m Gorenisks had ne majer
Brassica crop betore Z00%, thus G bioonlel et was
AT NFCRCNT iR larpe mumber; conversely, 1ks numbers
in Ljubliana weec higher due m vears of seocessive
Drassaca production [Tedan et al., 20053, b, 2005,
2008, b,

Un the busis of the two years of Held cxpericients,
wi conclude tant the trap crep metnd s o suciesslal
aleeenative prococton for cobbape againsr cakbhage
Mew bectles, which s pardoulacly importent beoznse
the nmmber  of insccticides  repistered  for che
51,1p?|:\c:$u;|_:1 ol |:||]'|!1|.g_-;|= Mea Teelles s consoanchy
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decrensing [lhe st of remistered plant procecton
produsg on 08,908,012, 2012}, By sesding vorivus
Briecdcr species inoaur plots, we teduced  the
intenzity of demage to the main crep. The resuls
ul our sxperiment senfon Uil sabbage Dew bestles
begin to appedr in this part of BEurope in the Brsc half
of Mav (Trdan cr al., 2005k or arc alecady seciacnt
m Apnl Closacvs et al, 20093, and the populztion
reaches itz highest aumbers in the fiesr half of July
(Tedan =t al, 2008a; Toshewa et ozl,, 2009), By
choosing different species of Drassica as wap crops,
we reduced the extent of cabhage flea haerle-induced
dumaze tm an important vegetsble crop, cabbage
{.'"'JI'JI‘:L‘i. & Gl.i;;"'ﬁl’-.l:l]ﬂ.ll._. J'r:'-i-"]_. Tidan g J|.., :!“':,'I'_Jll}.
By evaluaring differenr teap crnns, we successfally
showred that the average dameage indexes for all thees
specics of wap ciops were signilicanty lugher o
firr tue main crop, Due e the Sifferene somerprbilicy
cf the teap ciepa e aoack by canbap: flea beetlea
curny e groseth periscd, we canns propose 5 sogle
planz specica that wonld be suitabl: for protecting
c:lhh'_'lg;l_' Ihwu;h-;\l,n_ e crap -',.1.':.:|¢. T]-;_nw'n.':r, ane
cpuon for coviconmentally acceprablc svsieme of
cahbag: produceon is multple 1mp cropping, whore-
by each of the tweze Drassica species would stwact
Larmilul pesis w oo oertain stuge ul the growtl. For
exsmple, a mixture of Chiness cabbapge, marigold.
rapes and sunflower has boco successlully apprelicd as a
traps erep fer the pollen heetle (Adebgemher ammmer)
caulit-orerer ticlds in Finland {Haokkanen, 198%). The
resudes of owr resemel iodscaned et te stoalioengs
sirvmy of cil mdish, whie mmstard and cilseed tupe
a3 mulciple eap crops can be effective in conelling
cubbage e Desles mocabbage hoveever, additiona,
ticld orials should he performed e cnefrm the resulm,

Aclnnwled gements

Ttis warz was peeformicd werhin Va-0824 and Va-1047,
prujacts uceded Ty U Slovertiun Beseareds Sgeoeey wod L
Ministre of Azriemlrur: and Favieeamens of Repmihlic a7
Sloverm A por oo ol W seseards was pecloooied witln
the programme Tlarricultnme F4=001 %, whick is funded 2y
tlae Slovcadan Fosewch ."l.uu.;_._-. Special thaoks are ex-
rencied t Axsist. Trot. Diragan Sridards for prochocimy the
wliite cabibapy secdlogs and o Sesisn Pool Mave Videil
tur sebectng and svwing the toap coops.
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3 RAZPRAVA IN SKLEPI
31 RAZPRAVA

Alternativne metode zatiranja Skodljivih organizmov vse bolj pridobivajo na pomenu,
vedno vecja pozornost pa se pripisuje tudi naravni odpornosti rastlin, ki je pogojena z
morfoloskimi in kemi¢nimi dejavniki. Kriznicam za obrambo pred Skodljivimi organizmi
tako lahko duzijo razli¢ni dejavniki. Ugotovljeno je bilo, da trdnejSe (bolj zbite glave)
zelja (Trdan in sod., 20054) in vi§a vsebnost epikutikularnega voska (Trdan in sod., 2009)
vplivata na manjSi obseg poskodb tobakovega resarja (Thrips tabaci Lindeman) na zelju.
Debelegsa plast epikutikularnega voska lahko negativno vpliva tudi na hranjenje kapusovih
bolhacev (Phyllotreta spp.) in kapusovih stenic (Eurydema spp.) (Trdan in sod., 2009). V
nas raziskavi smo se osredotocili na preucevanje vsebnosti glukozinolatov v razli¢nih
vrstah kriznic in njihovega delovanja na ciljni skupini Skodljivih organizmov, kapusove
bolhace in kapusove stenice.

Kar so Ze navgali Moyes in sod. (2000), namrec, da je vsebnost omenjenih sekundarnih
metabolitov razli¢na pri posameznih rastlinskih vrstah, se je pokazalo tudi v nasi raziskavi.
V vzorcih preuc¢evanih vrst kriznic smo prisotnost samo enega od glukozinolatov,
glukobrasicina, zabelezili v vseh rastlinskih vrstah. Ugotovili smo, da je vsebnost
glukobrasicina v vzorcih oljne redkve negativno vplivala na preucevani skupini Skodljivih
organizmov, tako kapusovih bolhatev kot kapusovih stenic. Kljub temu, da je bila
povezava med vsebnostjo glukobrasicina in obsegom poskodb kapusovih bolhacev (r=-
0,30) in kapusovih stenic (r=-0,32) negativna, pa o identicnem vplivu skozi celo rastho
dobo ne moremo govoriti. To je podedicno pogojeno z degstvom, da je vsebnost
glukozinolatov v kriznicah variirala tako med rastno dobo, kot tudi med posameznimi
rastlinskimi organi. Zanimiva je tudi ugotovitev, da smo v cvetovih oljne redkve dolocili
ve glukobrasicina kot v listih.

Smallegange in sod. (2007) navajajo vi§e vsebnosti petih razlicnih glukozinolatov v
cvetovih ¢rne gorjuSice (Brassica nigra) kot v listih omenjene rastlinske vrste. V naS
raziskavi omenjena trditev velja za glukobrasicin in glukorafenin v vzorcih oljne redkve in
za sinabin ter epiprogoitrin v vzorcih bele gorjuSice. Ahuja in sod. (2010) poro¢ao, da
vsebnost glukozinolatov lahko variira tudi znotraj posameznih genotipov iste rastlinske
vrste, kar se je izkazalo tudi v nasi raziskavi. Med izbranima hibridoma zelja smo namres
ugotovili signifikatne razlike v vsebnosti progoitrina in glukobrasicina. V vzorcih hibrida
'Hinova' smo ugotovili ve¢ progoitrina, medtem ko je bil vi§ji delez glukobrasicina prisoten
v hibridu Tucana. Od 9 glukozinolatov, ki smo jih analizirali v rastlinah glavnega
posevka, smo v obeh hibridih zelja prisotnost &irih (sinalbina, glukonasturtiing,
glukorafeninain progoitrina) potrdili le v sledovih (pod mejo detekcije).

Visoke koncentracije alifatskih glukozinolatov v kriznicah so lahko pomemben dejavnik
odpornosti omenjenih rastlin pred skodljivimi organizmi (Beekwilder in sod., 2008).
Ugotovljeno pa je tudi bilo, da je progoitrin v oljni redkvi in beli gorjusici pod mejo
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detekcije, to pa omogoca SirSi spekter uporabnosti teh rastlinskih vrst, saj lahko omenjeni
alifatski glukozinolat povzro¢a negativne ucinke pri prehrani zivali (Padillain sod., 2007).

Kljub predhodno dokazanemu nematicidnemu delovanje sinigrina (Branca in sod., 2002),
pa je v naSem poskusu ta glukozinolat v srednje poznem hibridu zelja na hranjenje
kapusovih stenic deloval stimulativno, s tem pa je vplival na vecji obseg poskodb. Ker je
bila vsebnost progoitrina v vzorcih krmne ogr&ice najvi§a v zadnjem terminu ocenjevanja
(31. avgusta), avtorji ugotavljajo, da lahko ta snov potencialno negativno vpliva na Zivino,
¢e krmno ogrstico uporabimo kot krmo (Padilla in sod.,, 2007). lzrazita preferenca
razli¢nih skodljivcev do krmne ogrstice (v naSem primeru velja za obe leti poskusa), pa
velikokrat botruje degjstvu, da se kmetje ne odlo¢gjo za pridelavo omenjene rastlinske vrste
(Valantin-Morison in sod., 2007).

Glede na rezultate naSe raziskave lahko sklepamo, da bi bila vsebnost progoitrina v
hibridih zelja v prihodnje lahko pomemben dejavnik izbire hibridov za pridelavo zelja v
nadih razmerah. V raziskavi, ki so jo izvedli na Nizozemskem (van Doorn in sod., 1999)
So ugotovili, da vsebnost sinigrina in progoitrina vpliva na okus brsti¢cnega ohrovta. S tem
namenom je bilo veliko dela vlozenega v zmanjSanje vsebnosti omenjenih glukozinolatov
oziroma Zlahtnenje (van Doorn in sod., 1999). Kljub temu da poro¢gjo 0 negativhem
vplivu progoitrina v krmi za Zivino, pa o negativnem vplivu glukozinolatov omenjenega
glukozinolata in ostalih glukozinolatov na prehrano ljudi ne moremo govoriti (Sun in sod.,
2011). Ceprav so v preteklosti obstajali sumi tudi o negativnem delovanju glukozinolatov
na prehrano ljudi (Hill in sod., 2003), pa so bili ti poznegje ovrZzeni (Sun in sod., 2011,
Dinkova-Kostovain Kostov, 2012).

Potencialni negativni vpliv glukobrasicina na prehranjevanje kapusovih bolhacev smo
ugotovili v vseh rastlinskih vrstah, razen v krmni ogr&ici. Na eni strani ima tako ta
glukozinolat negativen vpliv na vrste iz rodu Phyllotreta, na drugi strani pa ima pozitiven
(antikarcinogen) vpliv na zdravle ljudi (Sun in sod., 2011). To sta zato »dobri« lastnosti
tega sekundarnega metabolita. Kljub temu pa se je glukobrasicin izkazal za zelo
podvZenega okoljskim dgjavnikom, kar izpostavljamo v nadaljevanju naSe razprave.

Potrdili smo, da sta bila med alifatskimi glukozinolati v vzorcih oljne redkve signifikatno
najbolj zastopana glukorafenin in sinalbin, medtem ko je bil med indol glukozinolati
prisoten glukobrasicin. Vsebnost sinalbina je bila med obravnavanimi rastlinskimi vrstami
kriznic najvi§a v vzorcih bele gorjusce (30,12+5,52 pmol/ g mase suhega semena) in
krmne ogrcice (11,16+6,50 pmol/g mase suhega semena). Glede na zgornjo ugotovitev,
da se vsebnost glukozinolatov med posameznimi vrstami kriZnic razlikuje, ugotavljamo, da
med vrstami KriZnic obstgjgjo tudi razlike glede njihove ustreznosti za prehrano kapusovih
bolhacev in kapusovih stenic. Medtem ko smo pri hibridih "Tucana in 'Hinova ter beli
gorjusici in oljni redkvi ugotovili negativen vpliv glukobrasicina na obseg poskodb
kapusovih stenic, pa smo v vzorcih krmne ogr&ice ugotovili pozitiven vpliv
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glukobrasicina na obseg poskodb. Glukonapin je tudi eden od glukozinolatov, ki so v nasi
raziskavi stimulirali hranjenje vrst iz rodu Eurydema.

Na vsebnost sekundarnih metabolitov v rastlinah vplivajo tudi dejavniki okolja, kar
ugotavljata Tiwari in Cumins (2013), to dejstvo pa se je pokazalo tudi v naSi raziskavi.
Tako se znanje o vplivu posameznih parametrov okolja na vsebnost glukozinolatov v
rastlinah postopoma nadgrajuje. Francisco in sod. (2012) poroc¢ajo o pozitivnem vplivu
ekstremnih temperatur na vsebnost omenjenih sekundarnih metabolitov. Vpliv temperature
na bi bil bolj izrazen pri indol glukozinolatih (Bones in Rossiter, 2006), kar je bilo
potrjeno tudi v naSi raziskavi, v kateri smo ugotovili, da je vsebnost glukobrasicina
pogojena predvsem z povprecno dnevno in nagjvi§o dnevno temperaturo zraka.

Zelo malo pa vemo o vplivu posameznih okoljskih dejavnikov na vsebnost alifatskih in
aromatskih glukozinolatov. V naSi raziskavi ugotavljamo, da se vpliv okolja na posamezen
glukozinolat iz omenjenih dveh skupin zelo razlikuje. Tako ne moremo govoriti 0
uniformnem delovanju okolja na vrste glukozinolatov. Strokovnjaki predvidevajo, da je
lahko razlog za razlicen odziv glukozinolatov na delovanje okolja v tem, da pri nastanku
specifi¢nih glukozinolatov sodelujgjo specificni encimi, ki so razli¢ni od encimov, ki
sodelujgjo pri nastanku drugih glukozinolatov (Schonhof in sod., 2007) .

Kot smo Ze poudarili, je pomen alternativnih metod v varstvu rastlin vedno vegji in v tg
zvezi z veseljem ugotavljamo, da se je tudi metoda privabilnih posevkov, ki smo jo
preucevali v okviru naSe disertacije, na obeh lokacijah poljskega poskusa izkazala za
uspesno. Tako so bile rastline privabilnih posevkov veliko bolj dovzetne za poSkodbe
kapusovih stenic (Eurydema spp.) in kapusovih bolhacev (Phyllotreta spp), v primerjavi z
zeljem. Na Gorenjskem je bila krmna ogr&cica najbolj dovzetna za hranjenje kapusovih
stenic, preferenco kapusovih bolhacev pa smo naisti lokaciji zaznali pri oljni redkvi. Tudi
v Ljubljani smo v letu 2009 ugotovili signifikantno ngjvi§i obseg poskodb vrst iz rodu
Eurydema na krmni ogr&eici, medtem ko v letu 2010 med privabilnimi posevki nismo
ugotovili razlik. Kljub temu pa ugotavljamo, da dovzetnost razli¢nih kriznic za napad
preucevanih skodljvih zuzelk med rastno dobo variira.

Na njivi na Gorenjskem smo (Priloga B1) v letu 2009 nagjvetji obseg poskodb zaradi
kapusovih stenic ugotovili na krmni ogr&ici (povprecni indeks poskodb 3,38+0,05), v
drugem letu poskusa pa je bila za poskodbe kapusovih stenic ngjbolj dovzetna krmna
ogr&cica (3,58+0,02). Pri beli gorjusici smo v prvem (2,72+0,04) in drugem (2,56+0,05)
letu poskusa ugotovili signifikantno najniZji indeks poskodb kapusovih stenic. V drugem
letu poskusa smo nagjvetjo dovzetnost za poskodbe kapusovih bolha¢ev ugotovili na oljni
redkvi (3,5+2,82), medtem ko je bil obseg poskodb na beli gorjuSici signifikantno najnizji
(2,82+0,02).

Van Dornin sod. (1999) navajgjo, daje vsebnost glukozinolatov v kriZnicah pogojena tudi
s hranjenjem 3kodljivih organizmov. Ti s svojim prehranjevanjem - s tem, ko poskodujejo
celi¢no strukturo - uravnavaj o vsebnost glukozinolatov. V nasi raziskavi smo ugotovili, da
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se povezava med vsebnostjo glukozinolata in obsegom poskodb vrst iz rodov Phyllotreta
oziroma Eurydema razlikuje med razlicnimi glukozinolati. Kot tudi, da posamezni
glukozinolati, razli¢no vplivajo na obseg poskodb.

Rastlinske vrste, ki smo jih kot privabilne posevke uporabili v naSi raziskavi, so v Sloveniji
najveckrat uporabljene kot krmni dosevki (Krmni dosevki, 2013). Krmna ogr&ica velja
med obravnavanimi privabilnimi posevki za rastlinsko vrsto, ki je zelo obcutljiva na napad
Skodljivih organizmov in je zato posledicno manj priljubljena v ekolodki pridelavi
(Vaantin-Morison in sod., 2007). lzrazita dovzetnost krmne ogr&ice za poskodbe
kapusovih stenic je vidna v Prilogi A4. Ce primerjamo indekse poskodb kapusovih stenic
na razli¢nih vrstah kriznic, ugotavljamo, da so bili na omenjeni rastlinski vrsti najvigi. 1z
vidika moznosti implementacije kriznic kot privabilne posevke v sisteme pridelave z€lja,
pa predstavija bela gorjuSica najmanj ustrezno vrsto, sg smo jo potrdili kot ngjmanj
dovzetno za hranjenje kapusovih bolhacev. Bela gorjuSica je v raziskavi, ki so jo izvedli
Brown in sod. (2004) navedena kot rastlinska vrsta z zelo visoko naravno odpornostjo na
napad bolhacev. Kot ugotavljgo, je povrhnjica, gosto porasiena s trihomi, glavni razlog
odpornosti rastlin, kar potrjuje tudi raziskava, ki sojo izvedli Sorokain sod. (2011).

S tem, ko smo privabilne posevke sgai pred glavno rastlinsko vrsto, smo slednjo (zelje)
obvarovali pred zgodnjim napadom kapusovih bolhacev in kapusovih stenic. Znano je, da
so kapusovi bolhati, ki se pri nas pojavijo v zatetku maja, zelo skodljivi mladim rastlinam
kriznic, ki imajo takrat majhno skupno povrsino listov (Trdan in sod., 2005b). Starost
rastlin je eden od pomembnejSi dejavnikov, ki vplivajo na obseg poskodb vrst iz rodu
Phyllotreta. Ze Knodel in sod. (2008) v svoji raziskavi navajajo uspednost zmanjanja
obsega poskodb na zelju zaradi vrst iz rodu Phyllotreta z uporabo razli¢nih terminov
sajenja

Ugotovili smo, da obstgja negativna korelacija med rastlinami privabilnih posevkov in
obsegom poskodb kapusovih bolhacev v zacetku razvojnega stadija razvijanja listov
(BBCH 12-14). Glede na rezultate naSe raziskave lahko sklepamo, da se odrasli osebki
kapusovih stenic spomladi pojavijo v drugi polovici mga ali v zatetku junija. V
omenjenem obdobju smo namre zabelezili prvi interval poskodb (Bohinc in Trdan, 2010).
Poskodbe smo najprej ugotovili na privabilnih posevkih in Sele poznge na glavnem
posevku. Omenjeno je veljalo za obe lokaciji poskusa.

Hibrid zelja 'Hinova se je v vseh primerjavah izkazal za veliko bolj dovzetnega za
poskodbe kapusovih stenic in kapusovih bolhatev (Bohinc in Trdan, 2011b), v primerjavi s
hibridom 'Tucana. Kljub temu pa ugotavljamo, da dovzetnost kriznic v posameznih
obdobjih rastne dobe med genotipi zelja variira, in tako smo v nekaterih obdobjih
zaznavnejSe poskodbe zabel ezili tudi na hibridu "Tucana. Tako so bile poskodbe kapusovih
bolhacev na kultivarju "Tucana bolj obseZzne v zagetku rastne dobe, v fazi razvijanjalistov,
ko so razgrnile 4-7 pravih listov. Vegji obseg poskodb je bil poznee zabeleZzen na
kultivarju 'Hinova. Za poSkodbe kapusovih stenic srednji pozni hibrid zelja ni bil tako
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dovzeten. Omenjena ugotovitev je bila omenjena ze v raziskavi Trdan in sod. (2006).
Povezavo lahko najdemo v interakciji med dolzino rastne dobe hibrida in bionomijo
preucevanega Skodljivca. V ¢asu, ko se vrsti Eurydema ventrale in Eurydema oleracea Sele
zatneta masovno pojavljati smo namre pridelek zgodnjega hibrida Ze pospravili.

Ugotavljamo, da je uporabnost izbrane alternativne metode v varstvu rastlin pogojena z
izbiro ustreznega glavnega posevka oziroma ustreznega hibrida. Na povprecni pridelek
zelja je vplivala izbira kultivarja, medtem ko izrazitih razlik v povprecnem pridelku med
posameznimi obravnavanji (vrstami privabilnih posevkov) nismo zadedili. Primerjali smo
tudi poskodbe zaradi vrst iz rodov Phyllotreta in Eurydema na glavnem posevku glede na
razdaljo od privabilnega posevka. Ugotovili smo, da se kapusove stenice najraje pojavljajo
na rastlinah zelja, ki so od privabilnih posevkov ngbolj oddaljene;,medtem ko vpliva
oddaljenosti rastlin na poSkodbe kapusovih bolhatev nismo ugotovili. 'Hinova' se je v
nasih pridelovalnih razmerah izkazala za tisti hibrid, ki je prinaSal vecji povprecni pridelek,
izbira zgodnjega hibrida 'Tucana’ pa se ni izkazala za ustrezno. Glede na rezultate nase
raziskave lahko retemo, da se sklada z ugotovitvami avtorjev Bell (1995) ter Carcamo in
Blackshaw (2007), ki navajgjo, da alternativne metode (vmesni posevki, zelene prekrivke)
niso dosegali zelenega cilja

S tem, ko bi intenzivng&e skrbeli za glavni posevek (namakanje med rastno dobo,
dognojevanje,...), bi lahko poskrbeli za vi§i pridelek. Vsem je dobro znano, da metodo
privabilnih posevkov lahko izvedemo na ve¢ nacinov. Eden od teh je tudi, da bi privabilne
posevke pospravili sredi rastne dobe, kjer smo izvajali poskus (Shelton in Badenes-Perez,
2006). Obenem bi tvegali, da se preucevani skupini Skodljivcev mnoZi¢no preselita na
glavni posevek (Shelton in Badenes-Perez, 2006). Lahko pa bi privabilne posevke tretirali
z insekticidi in tako poskrbeli za tako imenovani »dead-end trap crop«. Vendar bi z
uporabo insekticidov naredili ve¢ Skode kot koristi (Bommarco in sod., 2011). Vrste, ki
smo jih uporabili kot privabilne posevke so namre¢ del rastne dobe tudi cvetele in s tem
privabljale koristne organizme. Vzroke za razlicno dovzetnost preucevanih vrst kriznic
lahko is&¢emo v naravni odpornosti rastlin. Glukozinolati, ki so za nekatere pomemben
dgjavnik odpornosti rastlin na Skodljive organizme, spet drugi pa jim v tg zvezi ne
pripisuje o vetjega pomena, lahko pri obrambi rastlin sodelujgjo stimulativno ali zaviralho.
Medtem, ko glukonasturtiin v krmni ogr&ici deluje zaviralno (r=-0,99) na prehranjevanje
kapusovih bolhacev, o povezavi omenjenega glukozinolata v beli gorjusici in oljni redkvi
ne moremo govoriti. Glede na omenjene raziskave lahko sklepamo, da je delovanje teh
sekundarnih metabolitov na Skodljive zuzelke zelo kompleksno. O univerzalnem vplivu
treh skupin glukozinolatov na skodljive organizme tako ne moremo govoriti, ampak je
potrebno vpliv vsalega posameznega glukozinolata analizirati individual no.

Glukonasturtiin v krmni ogr&ici deluje negativno na prehranjevanje kapusovih bolhacev
(r=-0,99) in kapusovih stenic (r=-0,98). Prav tako na prehranjevanje kapusovih bolhacev
(r=-0,80) in kapusovih stenic (r=-0,99) na omenjeni rastlinski vrsti mo¢no vpliva vsebnost
epiprogoitrina. Vsebnost glukoiberina v vzorcih krmne ogrCice je negativno vplivala na
prehranjevanje kapusovih bolhatev (r=-1) in kapusovih stenic (r=-1), progoitrin v vzorcih
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krmne ogrCice pa na prehranjevanje kapusovih stenic (r=0,51) in kapusovih bolhacev
(r=0,51) deluje stimulativno, medtem ko je delovanje v vzorcih "Tucana na prehranjevanje
kapusovih stenic negativno (r=-1,0). Glukonapiin je edini glukozinolat, ki v rastlinah
krmne ogr&ice deluje stimulativnho na prehranjevanje kapusovih stenic (r=0,64) in
kapusovih bolhacev (r=0,67). lzrazitega vpliva preucevanih glukozinolatov na
prehranjevanje vrst iz rodu Phyllotreta. v vzorcih oljne redkve nismo ugotovili. Lahko le
sklepamo, da je komag zaznavna prisotnost glukonasturtiina, glukoiberina, glukonapiina
najverjetnge pripomogla k vi§emu indeksu poskodb kapusovih bolhatev na preucevanih
vrstah kriznic.

Glede nadoslej zbrane ugotovitve, da se vsebnost glukozinolatov med rastno dobo in glede
na rastlinsko vrsto spreminja, nas je zanimala primerjava obsega podkodb kapusovih
bolhacev tudi glede nalokaciji poskusov.

V Sloveniji se kapusovi bolhati zangjStevilénge pojavljgjo v juliju (Trdan in sod., 2008),
to pa smo potrdili tudi v naS§ raziskavi. Na hranjenje kapusovih bolhatev vpliva tudi
povprecna dnevna temperatura (Toshovain sod., 2009), kar smo prav tako ugotovili v nasi
raziskavi. Med rastno dobo smo v obeh letih poskusa ugotovili vec takih primerov. Tako
smo v letu 2010 v zadnjih desetih dneh maja na Laboratorijskem polju Biotehniske
fakultete v Ljubljani zabelezili vi§e povprecne dnevne temperature kot nalokaciji poskusa
na Gorenjskem.

Indeksi poskodb zaradi obeh skupin skodljivcev so bili v drugem letu poskusa izrazito
vi§ji, kar potrjuje dgjstvo, da med na¢ela uspesne kmetijske prakse spada tudi uporaba
kolobarja (Dudain Liste, 1991; Andersen in sod., 2006; Charles in sod., 2011). Tako smo
v obeh letih poskusa vi§ji obseg poskodb zaznali na Laboratorijskem polju Biotehniske
fakultete in na njivi na Gorenjskem. Pomen kolobarja se je pokazal zlasti na Gorenjskem,
kjer nekg let pred naSim poskusom ni bilo v bliZini vegje njive s kapusnicami, zato je bil
napad obeh skupin Skodljivcev v prvem letu poskusa relativno Sibek. Na Laboratorijskem
polju Biotehniske fakultete kapusnice vsako leto pridelujgo ze daljSe ¢asovno obdobje,
posledi¢no je bil napad kapusovih bolhacev in kapusovih stenic mocan ze v prvem letu
poskusa. Trditvam, da na znatno manjSi obseg poskodb Skodljivcev vpliva tudi kolobar
(Dosdall in sod., 2012; Mazzi in Dorn, 2012), lahko pritrdimo tudi v nas raziskavi.

Povprecna dnevna temperatura 17,4°C na Laboratorijskem polju Biotehniske fakultete v
Ljubljani je tako stimulativno vplivala na skupini preu¢evanih Skodljivcev, medtem ko je
povprecna dnevna temperatura v istem terminu na Gorenjskem znaSala 16,1°C.

Ugotavljamo, da je bela gorjusica najhitreje dosegla stadij zorenja (BBCH 80-89) (Hassan
in Arif, 2012), hkrati pa se je dovzetnost te rastlinske vrste za napad preucevanih
Skodljivcev zmanjSala Mahna dovzetnost bele gorjuSice za poSkodbe vrst iz rodu
Phyllotreta v zacetku rastne dobe je bila Se izrazito poudarjena leta 2009 na Gorenjskem.
Tako lahko povzamemo, da je razvojni stadij rastlin eden od pomembnejSih dejavnikov
prehranjevanja kapusovih bolhacev in kapusovih stenic. Na Gorenjskem so bili privabilni
posevki za kapusove bolhace ngjbolj dovzetni v ¢asu cvetenja (BBCH 60-67), takrat pa je
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zelje prehgalo v stadij razvoja vegetativnih delov rastlin, ustreznih za pridelek
(oblikovanje glav). Prehranjevanje kapusovih bolhacev na cvetovih rastlin je bilo sicer
zabeleZeno Ze tudi v drugih raziskavah (Leavitt in Robertson, 2006).

3.2 SKLEP

V letih 2009-2010 smo v dveh poljskih poskusih ugotavljali ucinkovitost metode
privabilnih posevkov za zmanjSevanje obsega poskodb kapusovih bolhacev (Phyllotreta
spp.) in kapusovih stenic (Eurydema spp.) na glavni rastlinski vrsti, zelju. Glede na to, da
je bil obseg poskodb signifikatno vi§i na rastlinah privabilnih posevkov, kot tudi, da smo
poskodbe najprej zabeleZili na rastlinah privabilnih posevkov, lahko recemo, da se je
izbrana aternativna metoda varstva rastlin izkazala za ucinkovito.

Prvi pojav kapusovih bolha¢ev smo v naSi raziskavi ugotovili v zacetku maja, medtem ko
so se kapusove stenice zacele pojavljati v drugi polovici maja. Omenjeni ugotovitvi sta v
skladu z rezultati bionomije preucevanih skupin kodljivcev v srednjem delu Evrope.

Prehranjevanje kapusovih bolhacev in kapusovih stenic smo zabeleZili na vseh izbranih
rastlinskih vrstah. Glede na zbrane podatke ugotavljamo, da kazeo kapusove stenice
posebno preferenco do hranjenja na krmni ogrs¢ici, medtem ko so se kapusovi bolh&ci
vec¢inoma prehranjevali na oljni redkvi, ki se je izkazala za zanje najbolj priviatnega
gostitelja.

Metodo privabilnih posevkov, ki smo jo preucevali v nadi raziskavi, bo mogoc¢e uporabiti
Zlasti v sistemih pridelovanja srednje poznega zelja. Na povprecno maso zelja je vplivala
predvsem izbira hibrida. Srednje pozni hibrid 'Hinova se je v nasS raziskavi izkazal za bolj
produktivnega in posledi¢no za ustreznejSaga za pridelavo v nasih rastnih razmerah.

Na podlagi rezultatov naSe raziskave, ki smo jih pridobili na dveh razli¢nih lokacijah,
lahko sklepamo, da ima temperatura zraka pomemben vpliv na obseg poskodb kapusovih
bolhacev na kriznicah. Z viSanjem povprecne dnevne temperature zraka je bil namrec vigi
tudi obseg poskodb kapusovih bolhacev na preucevanih vrstah kriznic.

Razlicna preferenca preucevanih skupin 3kodljivcev je pogojena tudi z naravno
odpornostjo rastlin. Eden od degavnikov naravne odpornosti kriznic je tudi vsebnost
glukozinolatov. Glukozinolati so se v naSi raziskavi pokazali za pomemben, a variabilen
dejavnik naravne odpornosti kriznic na napad kapusovih bolhacev in kapusovih stenic.
Ugotovili smo, da je variabilnost glukozinolatov pogojena z rastlinsko vrsto, vsebnost teh
snovi pa se precqg razlikuje tudi med razlicnimi organi iste rastlinske vrste. V naS
raziskavi je priSlado izraza tudi variabilnost v vsebnosti glukozinolatov med posameznimi
genotipi iste rastlinske vrste, tj. med posameznimi genotipi zelja. V vzorcih oljne redkve
smo ugotovili ngjve glukorafenina (8,66+1,81 umol/ g mase suhega semena), v vzorcih
krmne ogr&¢ice in bele gorjuSice pa je bilo signifikantno ngjve sinalbina. Kljub temu, da
je analiza potrdila sinalbin kot najbolj pogost glukozinolat v vzorcih bele gorjuSice, pa
nadaljnja analiza podatkov kaze na Sibko korelacijo (r=0,36) med njegovo vsebnostjo v
kriZnicah in obsegom poskodb zaradi kapusovih stenic nanjih.
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Vzoréenje razli¢nih rastlinskih delov je pokazal o, da je vsebnost dolocenih glukozinolatov,
na primer glukobrasicina in glukorafenina v cvetovih oljne redkve ali sinabina in
epiprogoitrina v cvetovih bele gorjusice, veliko vi§a kot v listih preucevanih rastlinskih
vrst. Ugotovili smo, da so se kapusovi bolhati v ¢asu cvetenja zelo intenzivno
prehranjevali narastlinah bele gorjusice in oljne redkev.

Ugotavljamo, da na vsebnost glukozinolatov v rastlinah vplivajo predvsem temperaturni
ekstremi. Rezultati dosedanjih raziskav delovanja teh sekundarnih metabolitov govorijo v
prid delovanja, ki je specificno za posamezno skupino teh sekundarnih metabolitov; vendar
smo ugotovili, da tudi znotraj posameznih skupin glukozinolatov prihgja do razlik v
delovanju. Glukobrasicin, edini zaznavin glukozinolat v vseh preucevanih rastlinskih
vrstah, spada med indol glukozinolate. Ugotavljamo, da na obseg poSkodb vrst iz rodov
Phyllotreta in Eurydema ta glukozinolat v oljni redkvi deluje negativno. Omenjena snov
spada v skupino tistih, na katere so signifikatno najbolj vplivali okoljski parametri,
predvsem povprecna dnevnain najvi§a temperatura zraka. Glukonasturtiin in epiprogoitrin
stav krmni ogr&ici na obe preucevani skupini Skodljivcev delovala negativno., sinalbin pa
je na prehranjevanje kapusovih stenic v vzorcih krmne ogr&ice deloval negativno, na
kapusove bolhace pajeimel stimulativno delovanje.

Pridobljeni podatki na dveh razliénih lokacijah so pokazali, da lahko obseg poskodb
kapusovih bolhacev uspesno nadziramo z uporabo meSanih posevkov kriznic, ki smo jih
uporabili v nasem poskusu. Omenjena kombinacija rastlinskih vrst bi bila glede na nase
ugotovitve ustrezna za obe lokaciji, na katerih smo izvajali poskus, pa tudi za druga
obmocja, na katerih v Soveniji prideljujgjo zelje in kjer se pridelovalci sredujgo s
Skodljivei, ki smo jih preucevali v naS raziskavi. S tem, ko smo v obeh letih poskusa
rastline privabilnih posevkov sgjali pred glavnim posevkom, smo v precejsnji meri vplivali
na to, da so se poskodbe vrst iz rodov Phyllotreta in Eurydema najprel pojavile na
privabilnih posevkih.

Z izbrano metodo privabilnih posevkov smo uspesno nadzirai pojav vrst iz rodov
Phyllotreta in Eurydema na zelju. Ker je za zatiranje kapusovih bolhacev oziroma
kapusovih stenic na voljo zelo malo oziroma ni¢ sintetiénih pripravkov, so aternativne
metode potencialna izbira. Glede na to, da se kmetijska zemlji&a, namenjena pridelavi
kapusnic v zadnjih letih spet povecujgo, predstavljajo nove metode v varstvu pridelka
nove moznosti za okoljsko sprejemljivo pridelavo zelja. Omenjena metoda je uporabna
predvsem v ekoloski in integrirani pridelavi. TrZna potrosnja nas uci, da vse bolj zaupamo
hrani, ki je bila pridelanav nad bliZini, po moznosti brez uporabe insekticidov. Resje, dav
naSem poskusu nismo dosegli koli¢ine pridelka, ki bi bilatrzno zanimiva, pridelali pa smo
zelje brez uporabe insekticidov in s tem bo mogoce Se bolj kot doslej spodbuditi zanimanje
potrodnikov, ki se Zelijo prehranjevati zdravo. Da bi dosegli zmanjSanje &tevil¢nosti vrst iz
rodov Phyllotreta in Eurydema na zelju se zdi uporaba meSanih posevkov kriznic povsem
realna. In kot kaze naSa raziskava, je metoda bolj ucinkovita v pridelovalnih sistemih, kjer
prideljujgio srednjepozne genotipe zelja. Kot smo ugotovili, se zaradi spektra razlicnih
dgjavnikov (med drugim tudi vsebnosti glukozinolatov) dovzetnost rastlin za poskodbe
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Skodljivih organizmov med rastno dobo spreminja. S tem, ko bi uporabili meSane
prispevke kot vir zmanjSevanja poskodb na glavnem posevku, bi lahko omenjeno metodo
uporabili v razlicnih obmogjih Slovenije, in tako zanemarili vpliv okoljskih dgjavnikov na
privabilne posevke, kot tudi samo bionomijo obravnavanih Skodljivih vrst. Kot privabilne
posevke bi lahko uporabili druge vrste kriznic, vendar je to predmet ze druge raziskave.
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4 POVZETEK (SUMMARY)

41 POVZETEK

V letih 2009 in 2010 smo preucevali uporabnost metode privabilnih posevkov, kot
alternativne metode zmanjSevanja poSkodb kapusovih bolhatev (Phyllotreta spp.) in
kapusovih stenic (Eurydema spp.) na zelju, kot glavni rastlinski vrsti. Poskus je potekal na
dveh razlicnih lokacijah, na Laboratorijskem polju Biotehniske fakultete Univerze v
Ljubljani, in na njivi v vas Zgornja Lipnica v ob¢ini Radovljica. V poskusu smo kot
privabilne posevke uporabili krmno ogr&éico (Brassica napus [L.] ssp. oleifera f. biennis,
kultivar 'Daniela), belo gorjusico (Snapis alba [L.], kultivar 'Zlata) in oljno redkev
(Raphanus sativus [L.] var. oleiformis, kultivar 'Apoll’). Omenjene rastlinske vrste smo
posgali v dveh locenih pasovih, znotrg katerih smo posadili glavni posevek, tj. dva
kultivarja zelja— zgodnjega 'Tucana' in srednje poznega 'Hinova'. Poskus je potekal v &tirih
blokih, znotrgy katerih smo naklju¢no posgali rastline privabilnih posevkov. Obseg
poskodb smo med rastno dobo ocenjevali v 10-dnevnih intervalih oziroma trikrat mesecno.
Poskodbe kapusovih bolhacev smo ocenjevali s 5-stopenjsko lestvico EPPO (OEPP/EPPO,
2002), poskodbe kapusovih stenic pa smo ovrednotili na osnovi 6-stopenjske lestvice
Stonerjeve in Sheltona (1988). Ugotovili smo, da obstagja preferenca preuc¢evanih skupin
Skodljivcev do posamezne rastlinske vrste. Obseg poskodb kapusovih bolhacev je bil skozi
celoten poskus najvecji na oljni redkvi in je v letu 2009 variiral od 2,86+0,07 na
Laboratorijskem polju Biotehniske fakultete do 3,00+0,03 na njivi na Gorenjskem. V letu
2010 je bil obseg poskodb na oljni redkvi na Laboratorijskem polju BF 3,87+0,06; medtem
ko smo na oljni redkvi na Gorenjskem zabelezili obseg poskodb, ki je znasa 3,50+0,04.
Kapusove stenice so s svojim hranjenjem ngjvec poskodb povzrocale na rastlinah krmne
ogr&ice. Tako smo v prvem letu poskusa na rastlinah krmne ogr&ice na njivi na
Gorenjskem zabel€Zili povprecni indeks, ki je znasal 3,38+0.04, v drugem letu poskusa pa
3,58+0,08. Povprecni indeksi poskodb so bili na rastlinah glavnega posevka na obeh
lokacijah v obeh letih poskusa signifikatno nizji. Kljub temu pa se je obseg poskodb na
preucevanih hibridih zelja razlikoval, kar lahko pripiSemo vplivu rastne dobe rastlin.
Srednjepozni hibrid zelja se je v nad raziskavi izkazal za veliko bolj dovzetnega za
poskodbe preucevanih skupin skodljivcev

Kapusovi bolha¢i so se v nasSi raziskavi zaceli pojavljati v zacetku maja, medtem ko smo
kapusovo stenico (Eurydema oleracea) in pisano stenico (Eurydema ventrale) prvic
opazili v drugi polovici maja. NaSe ugotovitve se ujemajo s predhodnimi raziskavami, da
se zaéngjo kapusovi bolhagi v tem delu Evrope mnoZi¢no pojavljati v za¢etku julija.

| zrazitega vpliva privabilnih posevkov na pridelek zelja nismo ugotovili. Smo pa ugotovili,
da je bil povprecni pridelek vecji pri srednje poznem kultivarju zelja. Glede na to, da v
naSsem poskusu nismo izvajali izrazitega dodatnega dognojevanja in namakanja, so se
omenjeni ukrepi poznali tudi na konénem pridelku. Ce bi uporabili insekticide na
privabilnih posevkih, bi stem vplivali na populacijo Skodljivcev, obenem pa bi Skodovali
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tudi koristnim organizmom, ki se prehranjujgo na rastlinah privabilnih posevkov med
cvetenjem.

Ugotovili smo, da je intenzivnost hranjenja kapusovih bolhatev in kapusovih stenic
povezana z razvojnim stadijem rastlin. Tako je bila v zacetku rastne dobe zabeleZzena
visoka dovzetnost privabilnih posevkov za obe skupini Skodljivih zuzelk. Dovzetnost
rastlin pa se je med rastno dobo spreminjala. Razlog, da se je dovzetnost rastlin med rastno
dobo spreminjala, lahko pripiSemo naravni odpornosti rastlin.

V naSi raziskavi smo ocenjevali glukozinolate kot parametre naravne odpornosti kriZnic.
Te sekundarne metabolite, ki so znacilni predvsem za druzino kriznic, smo ocenjevali v
drugem letu poskusa, in sicer v rastlinah, ki so bile gojene na njivi na Gorenjskem. Med
rastno dobro rastlin smo vzoréenje za potrebe glukozinolatov izvedli v razli¢nih terminih.
Pri rastlinah bele gorjuSice in oljne redkve smo vzoréili tudi cvetove rastlin. V
obravnavanih rastlinskih vrstah smo ovrednotili vsebnost devetih razli¢nih glukozinolatov,
ki smo jih uvrstili v tri razlicne skupine. Tako nas je med alifatskimi glukozinolati
zanimala vsebnost glukoiberina, progoitrina, epiprogoitrina, sinigrina, glukonapina in
glukorafenina, med indol glukozinolati vsebnost glukobrasicina. Med aromatskimi
glukozinolati nas je zanimala vsebnost glukonasturtiina in sinalbina. Vrednotenje
glukozinolatov je potekalo po standardu 1SO 9167:1 — (1992) in je opisano tekom nase
raziskave. Primer vzorca, namenjenega analizi glukozinolatov je prikazan v Prilogi CL1.
Uporabljena enota prikaza je bila umol/ g mase suhega semena.

Glukozinolati, kot tipi¢ni sekundarni metaboliti, lahko razlicno vplivajo na Skodljive
organizme. Tako lahko gosenice repnega belina (Pieris rapae [L.]) glukozinolate s
pomocjo njihovega metabolizma izlocijo, medtem ko vi§a vsebnost sinigrina in sinalbina
deluje zaviralno na hranjenje sovke Mamestra configurata. Literatura navaja, da skodljivi
organizmi glukozinolate rastlin lahko izrabijo za svojo obrambo.

Glede na povprecni indeks poskodb vrst iz rodov Phyllotreta in Eurydema o delovanju
glukozinolatov lahko govorimo o zmanjSevanju/povecanju obsega hranjenja. Vendar
delovanje posameznega glukozinolata na Phyllotreta spp. in Eurydema spp. ni identi¢no
med rastlinskimi vrstami, Ugotovili smo namre¢, da v te zvezi prihga do razlik.
Zanimivo bi bilo ugotoviti mehanizem delovanja preucevanih glukozinolatov na
metabolizem zuzelk iz rodov Phyllotreta in Eurydema.

NaSa raziskava potrjuje ugotovitve, da vsebnost glukozinolatov variira med rastno dobo,
med rastlinskimi vrstami, kot tudi med posameznimi deli rastlin. Ugotovili smo, da je
glukobrasicin kot edini glukozinolat prisoten v vseh rastlinskih vrstah, njegova vsebnost pa
je najvi§a v rastlinah oljne redkve (3,24+0,86 pmol/g mase suhega semena). Sinalbin
najdemo najpogosteje v vzorcih krmne ogrséice (11,16+6,50 pmol/g mase suhega semena)
in bele gorjusice (30,12+5,52 pmol/g mase suhega semena). Prav tako lahko re¢emo, da se
vsebnost glukozinolatov razlikuje tudi med posameznimi kultivarji. V srednje poznem
kultivarju zelja 'Hinova smo zabelezili vi§e vrednosti progoitrina, medtem ko je bila
vsebnost glukobrasicina vi§ja v zgodnjem hibridu "Tucana. Ugotovili smo tudi razlike v
vsebnosti glukozinolatov med posameznimi deli rastlin iste vrste. Tako je vsebnost
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sinalbinain epiprogoitrinavi§av cvetovih bele gorjuSice, glukorafenin in glukobrasicin pa
stabolj prisotnav cvetovih kot v listih oljne redkve.

Negativen vpliv glukonasturtiina v vzorcih krmne ogrXice je bil zabeleZen tako na
kapusove stenice (r=-0,98) kot kapusove bolhace (r=-0,99). Epiprogoitrin v vzorcih krmne
ogr&cice na prehranjevanje kapusovih stenic (r=-0,99) in kapusovih bolhacev (r=-0,80)
deluje izrazito negativno. Viga vsebnost epiprogoitrina v vzorcih krmne ogr&ice na
prehranjevanje kapusovih stenic in kapusovih stenic deluje negativno. Domnevamo, da bi
lahko preferenco kapusovih bolhatev (Phyllotreta spp.) do oljne redkve povezali z
vsebnostjo doti¢nih glukozinolatov. Ker so glukonasturtiin, glukoiberin, progoitrin v
vzorcih oljne redkve prisotni v sledovih in imagjo v krmni ogrséici in beli gorjusici veliko
vegjo vliogo, bi lahko vsebnost omenjenih glukozinolatov v vegjih koli¢inah pripomogla k
druga¢nemu obsegu poskodb.

Poleg izrazite variabilnosti glukozinolatov med posameznimi rastlinskimi vrstami
uporabljenimi v raziskavi, smo ugotovili, daimajo na vsebnostteh sekundarnih metabolitov
v kriznicah vpliv tudi deavniki okolja. Ne moremo govoriti o uniformnem delovanju
okolja na skupino glukozinolatov, lahko pa se opis delovanja naveze na doticen
glukozinolat. Znotrgj skupin alifatskih in aromatskih glukozinolatov okoljski deavniki
razli¢no vplivajo na izrazeno delovanje. Skupina indol glukozinolatov je tista skupina, na
katero ima temperatura zraka najvecji vpliv. V nas raziskavi ugotovljen negativen vpliv
povprecne dnevne temperature in maksimalne dnevne temperature se sklada s
pri¢akovanji.

Z manjSo dostopnostjo insekticidov se je uporabnost izbrane alternativne metode samo Se
povecala. Res, da nismo dosegali trzno zanimive kolic¢ine pridelka zelja, vendar rezultati
naSe raziskave omogocajo uporabo v ekoloski oziroma integrirani pridelavi kapusnic. S
pravilnim terminom setve/sgienja smo vplivali na bionomijo Skodljivca, in poskrbeli, da
poskodbe vrst iz rodov Phyllotreta in Eurydema na zelju v zacetku rastne dobe niso bile
tako izrazite, kar je eden od klju¢nih elementov v pridelovalnih sistemih. Trdimo, da so
glukozinolati pomemben parameter naravne odpornosti rastlin, vendar je njihovo delovanje
zelo variiabilno in pogojeno s spektrom degjavnikov. Med drugim tudi okoljskih. Potrebno
bo Se veliko vet raziskav, da bi lahko z vegjo gotovostjo govorili o njihovem vplivu. Ze
danes pa lahko trdimo, da je mogoce s hkratno setvijo vecjega Stevila vrst privabilnih
posevkov uspesno uravnavati stevilénost preucevanih skupin skodljivcev na zelju.

NaSa raziskava je zgled, da je mogoce z metodo privabilnih posevkov zmanjSati obseg
poskodb razli¢cnih Skodljivih Zuzelk, ki se pojavljgjo na zelju. Izbrana metoda varstva
rastlin namre¢ omogoc¢a moznost izbire razli¢nih vrst privabilnih posevkov, ki se lahko
med seboj razlikujej o tako po botani¢nih lastnostih kot morfoloskih lastnostih.
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42 SUMMARY

In 2009 and 2010, we studied the applicability of the trap crop method as an alternative
method for reducing the damage done by cabbage flea beetles (Phyllotreta spp.) and
cabbage stink bugs (Eurydema spp.) on cabbage as the main plant species. The experiment
was carried out at two different locations — at the Laboratory field of the Biotechnical
Faculty in Ljubljana and at a field in the village Zgornja Lipnica in the municipality
Radovljica. The trap crops used in the experiment were oil rape (Brassica napus [L.] ssp.
oleifera f. biennis, the cultivar 'Daniela), white mustard (Snapis alba [L.], the cultivar
'Zlata) and oil radish (Raphanus sativus [L.] var. oleiformis, the cultivar 'Apoll’). The said
plant species were sowed in two separate bands, within which we planted the main crop,
i.e. the two cabbage cultivars — the early Tucana and the mid-late 'Hinova. The
experiment was carried out in the four blocks within which we randomly sowed the trap
crop plants. The extent of damage was during the growth period assessed in 10-day
intervals or three times per month. The damage done by cabbage flea beetles was assessed
by the 5-grade EPPO-scale (OEPP/EPPO, 2002), while the damage done by cabbage stink
bugs was evaluated on the basis of the 6-grade visual scale (Stoner and Shelton, 1988). We
established the preference of the studied groups of harmful pests for individual plant
species. The extent of damage caused by cabbage flea beetles was throughout the
experiment highest on ail radish, in 2009 it varied from 2.86+0.07 at the Laboratory Field
of the Biotechnical Faculty to 3.00+0.03 at the field in the Gorenjska region. In 2010 the
extent of damage on oil radish at the Laboratory field of the Biotechnical Faculty was
3.87+0.06; while on ail radish in the Gorenjska region we recorded the damage extent of
3.50+0.04. The highest damage caused by feeding of cabbage stink bugs was observed on
the plants of oil rape. In the first year of the experiment we thus recorded the average index
of 3.38+0.04 on the plants of oil rape at the field in the Gorenjska region, while in the
second year of the experiment it was 3.58+0.08. The average indexes of damage were on
the main crop plants at both locations in both years of the experiment significantly lower.
Despite this, the damage extent on the studied cabbage hybrids differed, which can be
attributed to the influence of the plants' growth period. The mid-late cabbage hybrid in our
study proved as much more susceptible to damage caused by the studied groups of harmful
pests. The cabbage flea beetles in our study began appearing in the beginning of May,
while rape bugs (Eurydema oleracea) and cabbage stink bugs (Eurydema ventrale) were
first detected in the second half of May. Our findings correspond to those of some previous
studies — cabbage flea beetles in this part of Europe begin to appear massively in the
beginning of July.

No pronounced influence of the trap crops on the production of cabbage was established.
We have, however, found out that the average production was higher in the mid-late
cabbage cultivar. Since our experiment did not include any significant additional manuring
and irrigating, the said measures affected also the final crops. If we used insecticides on the
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trap crops, we would influence the population of harmful pests, and at the same time harm
useful organisms which feed on the trap crop plants during blossoming.

We found out that the intensity of feeding by cabbage flea beetles and cabbage stink bugs
is connected with the plants developmental stage. In the beginning of the growth period
we thus recorded high susceptibility of trap crops for both groups of harmful insects. The
susceptibility of plants varied during the growth period. The changing susceptibility of
plants during the growth period can be attributed to the plants natural resistance.

In our study we assessed glucosinolates as parameters of natural resistance in Brassicaceae.
These secondary metabolites, which are characteristic primarily for the family
Brassicaceae, were assessed in the second year of the experiment, in the plants which were
cultivated at the field in the Gorenjska region. During the plants' growth period we at
different intervals carried out sampling to determine glucosinolate content. In the white
mustard and oil radish plants we sampled also blossoms. For the studied plant species we
evaluated the content of nine different glucosinolates, which were classified into three
different groups. Among aliphatic glucosinolates we measured the content of glucoiberin,
progoitrin, epiprogoitrin, sinigrin, gluconapin and glucoraphenin; among indole
glucosinolates we measured the content of glucobrassicin. Among aromatic glucosinolates
we measured the content of gluconasturtiin and sinalbin. Evaluation of glucosinolates was
carried out according to the standard ISO 9167:1 - 1992. Entire procedure has been
described during our survey. The applied presentation unit was umol/g of dry seed mass.
Glucosinolates, as typical secondary metabolites, can differently influence harmful
organisms. The caterpillars of the small white butterfly (Pieris rapae) can thus metabolise
and excrete glucosinolates, while higher contents of sinigrin and sinalbin inhibit the
feeding of bertha armyworms (Mamestra configurata). The literature says that harmful
organisms can use glucosinolates in plants for their own defence.

In view of the average index of damage caused by the species from the genera Phyllotreta
and Eurydema, glucosinolates either reduce or increase the extent of feeding. However, the
effects of an individual glucosinolate on Phyllotreta spp. and Eurydema spp. is not
identical among plant species. We found out that certain differences occur. It would be
interesting to identify the mechanism with which the studied glucosinolates affect the
metabolism of the insects from the genera Phyllotreta and Eurydema.

Our study confirms the finding that the content of glucosinolates varies during the growth
period, between plant species, as well as between individual parts of a plant. We found out
that glucobrassicin is the only glucosinolate present in al plant species, while its content is
highest in plants of oil radish (3.24+0.86 umol/g of dry seed mass). Sinalbin is most
frequently found in the samples of oil rape (11.16+6.50 pmol/g of dry seed mass) and
white mustard (30.12+5.52 umol/g of dry seed mass). We can aso say that the content of
glucosinolates differs between individual cultivars. In the mid-late cabbage cultivar
'Hinova' we recorded higher values of progoitrin, while the content of glucobrassicin was
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higher in the early hybrid "Tucana. We aso established differences in the content of
glucosinolates between individual parts of plants in the same species. The contents of
sinalbin and epiprogoitrin are thus higher in the blossoms of white mustard, while
glucoraphenin and glucobrassicin are present to a larger extent in blossoms than in leaves
of oil radish.

Negative influence of gluconasturtiin in the samples of oil rape was recorded both in
cabbage stink bugs (r=-0.98) and flea beetles (r=-0.99). Epiprogoitrin in the samples of ail
rape markedly negatively affects the feeding of cabbage stink bugs (r=-0.99) and cabbage
flea beetles (r=-0.80). Higher contents of epiprogoitrin in the samples of oil rape negatively
affect the feeding of cabbage stink bugs and flea beetles. We assume that the preference of
cabbage flea beetles (Phyllotreta spp.) for oil radish could be related to the contents of the
said glucosinolates. Since gluconasturtiin, glucoiberin and progoitrin in the samples of ail
radish are present in traces and have a considerably larger role in oil rape and white
mustard, the presence of the said glucosinolates in larger quantities could affect the extent
of damage.

Besides the marked variability of glucosinolates between the individua plant species used
in the study, we also identified a pronounced influence of environmental factors. We
cannot talk about any uniform environmental influence on the group of glucosinolates, yet
the description of functioning can be linked to the glucosinolate in question.
Environmental factors differently influence the manifested functioning within the groups
of aiphatic and aromatic glucosinolates. The group of indole glucosinolates is the one
most markedly affected by temperature. The negative influence of the average daily
temperature and the maximum daily temperature established in our study corresponds to
the expectations. Limited accessibility of insecticides further increased the applicability of
the selected alternative method. It is true that we have not achieved produce in terms of
market significance, but the results of our study enable the use in ecological or integral
production of Brassicas. By the proper timing of sowing/planting we influenced the
bionomics of the harmful pest and saw to it that the damage done by Phyllotreta spp. and
Eurydema spp. on cabbage in the beginning of the growth period was not so pronounced,
which is one of the key elements in the systems of production. We believe that
glucosinolates are an important parameter of plants natural resistance, yet their functioning
is very variable and conditioned by a numerous factors, among others also by
environmental factors. Several further studies are required in order to establish their
influence with more certainty. It is clear that by selecting a large number of host species
serving as trap crops we can successfully regulate the susceptibility of the main crops.

Our study sets an example that with the help of trap crops we could reduce the extent of
damage done by other groups of harmful organisms which appear on cabbage, since the
chosen method of plant protection comprises several possibilities for selecting trap crops,
which may differ in regard to both botanical and morphological characteristics.
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Slikovno gradivo — preuc¢evane Skodljive vrstein tip poskodb

Priloga A1: Parjenje kapusovih stenic (Eurydema oleracea) na cvetu bele gorjusice (foto: T. Bohinc)

Priloga A2: Poskodbe kapusovih bolhagev (Phyllotreta spp.) naoljni redkvi (foto: T. Bohinc)
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Priloga A3: Lic¢inki (levo) in odrasel osebek (desno) pisane stenice (Eurydema ventrale) (foto: T. Bohinc)

Priloga A4: PoSkodbe kapusovih stenic na krmni ogr&ici v letu 2010 nanjivi na Gorenjskem (foto: T.
Bohinc)

Priloga A5: Poskodbe kapusovih bolhagev nalistu oljne redkve (Foto: T. Bohinc)
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Slikovno gradivo — lokacije poskusa

Priloga B2: Paljski poskus na Laboratorijskem polju Biotehniske fakultete v Ljubljani (foto: T. Bohinc)
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PRILOGA C

Slikovno gradivo —vzorci namenjeni liofiliziranju in posledié¢no analizi
glukozinolatov

Priloga C1: Vzorec cvetov bele gorjusice namenjen liofiliziranju, in posledi¢no analizi glukozinolatov (foto:
T. Bohinc)
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PRILOGA F

Prosnjain dovoljenje za uporabo ¢lankov, naslovljeno na WFL Publisher

Tanja Echinc
Zgernja Liprica 92
4245 Karmna Horica

Ljubdjana, Bth May 2013

Drenr Pulblisaer,

I am PhD studenl, For the purpose of finksaing Pastgeaduate study program of  Biolagical and
Bigtechical Soances [Universilty of Liubljzra) and because my coctoral dissertation s composed of
sin scientiflc papess , wauld live w ash you kondsy, i€ you couls pleese send ra letter of permission
far paper

nErvironmental factors affecting the glucasinolate content in Brassicaceass,
writhen by authars {Tar)a Bohing amd Stanisly Trdan);

which was published by tverratiznal lournal of Food, Agriculture and Ervisomment, v. 30, Me 2.,
pages 357-380,

Letter of permission wil be needad dua to a fact thar dortaral dissertation will be published n pager
and electranical varsion jone year after defending ).

Thank yau in Advance,

Tanja Bohinc
carresaonding auwthor

[2% I 'Tif-ra;jf.t

Priloga F1: Prosnja, naslovljenana WFL Publisher, ki se nanaSa na distribucijo ¢lanka »Environmental
factors affecting the glucosinolate content in Brassi caceae« v okviru doktorske nal oge.
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Tanja Bohirc
Zgarnfa Lonica Bz
4345 damne Georics

Ljubdjana, Bk May 2013

Uear Publshar,

| arn PhD studenil. For the purpose o finshing Postgradiam snedy progeem of  Rinbpical and
Blcdechics! Soienges [Univenily of Quiljane] and because my docmm! alssertatinn s composed of
siv spiwt fic papers | | would Bee to sk vou kindly, © you could please send mie letter af permission
Tor paper

uTrap "ops bor redwing damage caused by cabboge stink bugs (Ewrpdemao spp.) and flea beetes
{Phydfodrete spp) on white cabbape: fack of Santasy P,

«aritten by suthars [18nja Bahin: ard Stanisla Trdan);

‘which waz publshed by Interaatonal kpemal of Fowd, Agriculture and Cedreunent, o 10, e, 2,
Sages 10523

celler ol germission wilbe needed due e g 7o that docoeal dissertatian well be published in paper
and elecipnice wersion (ore pear a7 defending |

Thank you In advanee,

Tanis Bufing
corrasponding autlor

|2 | -
Pl e Ve &

Priloga F2: Prodnja, naslovljena na WFL Publisher, ki se nanaSa na distribucijo ¢lanka »Trap crops for
reducing damage caused by cabbage stink bugs (Eurydema spp.) and flea beetles (Phyllotreta spp.) on white
cabbage: fact or fantasy?« v okviru doktorske nal oge.
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Priloga F3: Dovoljenje, ki se navezuje na ¢lanka, omenjena v prosnjah v Prilogi F1in Prilogi F2.
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PRILOGA G

Dovoljenje »Ar chives of Biological Sciences«

ARCHIVES OF BIOLOGICAL SCIENCES, BELGRADE

International and Multidisciplinacy Journal Established n 1948
CTicial Journal ol Lthe Serbian Biological Society
Editor-in-Chief: Prof. Dr. Bezidar P. M. Curié
Instinute of Loology, Faculty of Biology, University of Belgrade
Studentski Trg 16, 11004 Belgrade, Serbia
Tel:+ 381 1] 3281 789 and 2187 266 cxtl. 103; fax: + 381 11 2638 500
E-mail: beurcicig@bio bg.ac.rs and bpmeurcici@ yahoo.com

Belgrade, 12 May 2013

Permission

This i3 to confirm that Miss Tanja Bohine from 4246 Kamna Gorica, Slovenia, has
published the paper "Glucosinolates in plant protection strategies” together with
Smiljana Goreta Ban, Dean Ban, and Stanislav Trdan. The paper has appeared in
the Archives of Biological Sciences, vol. 64, issue 3, 821-828, 2012,

The permission of ABS is granted to Miss Bohinc since her doctoral dissertation

has to be published in paper and electronical version.

‘Thank you for your consideration,

g

Prof. Dr. BoZidar Curéi¢. Lditor ABS,

President, Serbian Biological Society

Priloga G1: Dovaljenje, da lahko ¢lanek »Glucosinolates in plant protection strategies« uporabimo v
doktorski nalogi, ki bo dostopna v elektronski in papirnati verziji
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PRILOGA H

Dokumentacija zaloZbe »Taylor & Francis«
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Salal g LR Reg.

Priloga H1: Prosnja naslovljena na zaloZbo »Taylor & Francis«, v zvezi z uporabo &lanka »Sowing mixtures
of Brassica trap crops is recommended to reduce Phyllotreta beetles injury to cabbage«, kot del doktorske
naloge v elektronski in papirnati obliki.
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Priloga H2: Odgovor zalozbe »Taylor & Francis, v zvezi s prodnjo v Prilogi H1.
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Priloga H3: Odgovor zaloZbe »Taylor & Francis, v zvezi sproSnjo v Prilogi H1.
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extermal distribustion by a third pary, provided that you do not se the PIXF version of the article
prepraned by ws and thal you inchade amy amendments or deletions or wamnings relating (o the article
issmed or published by us; in compliance with the embargo persods detailed below; and only with this
acknowledgement:

UThix in o Awhor' Aceepred Marmuserlpd of an arvicle piblished in finclude the complere citatian informatian
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& Francis], aveilable online ai: hitp:Sowvw, tandfoline egm T Article DO,

As noted abave, as part of our Author Services program, Taylor & Francis will deposithe Ambor's Acecpred
Manuscript in any designabed institutional repository with which Taylor & Francis has a Deposit Apreement.
inzhuding PubbdedCeniral {PMC).

Taylor & Francis mandates public access ta the final version of your manwscript twelve {12) months after the
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Priloga H4: Odgovor zalozbe »Taylor & Francis, v zvezi s proSnjo v Prilogi H1.



