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AN TI FUN GAL AC TI VITY OF PLANT ES SEN TIAL OILS  
AND Pse u do mo nas chlo ro rap his STRA INS AGA INST  

Cer co spo ra be ti co la Sacc.

AB STRACT: Le af spot di se a se ca u sed by Cer co spo ra be ti co la Sacc. is the most de-
struc ti ve fo li ar di se a se of be et. Cer co spo ra le af spot is con trol led pri ma rily by fun gi ci des 
be ca u se the non-che mi cal al ter na ti ves do not pro vi de com mer ci ally vi a ble con trol. One of 
the ways of re du cing che mi cal ap pli ca tion is the use of dif fe rent es sen tial oils (EOs) or an-
ta go ni stic plant growth-pro mo ting rhi zo bac te ria (PGPB). This study eva lu a tes se ve ral EOs 
and PGPB be lon ging to Pse u do mo nas chlo ro rap his as pos si ble con trol agents of this pat ho-
gen. An ti fun gal pro per ti es we re de ter mi ned by in vi tro mic ro di lu tion met hod aga inst fi ve 
C. be ti co la mo no spo rial iso la tes ori gi na ted from the lo ca lity Brus, Ser bia (53°53’ N, 21°04’E 
and 429 m abo ve sea le vel) using EOs from me di ci nal plants: Tur kish pic kling herb (Ec hi
nop ho ra te nu i fo lia), ore ga no (Ori ga num vul ga re), ba sil (Oci mum ba si li cum), and myrtle 
(Myrtus com mu nis) ob ta i ned by a hydro-dis til la tion met hod. All te sted oils dis played so me 
an ti fun gal ac ti vity aga inst the fun gal iso la tes. Ori ga num vul ga re EO de mon stra ted the 
stron gest an ti fun gal ac ti vity (MIC – 0.0055±0.0051mg/mL), Oci mum ba si li cum slightly 
lo wer (MIC – 0.075±0.045mg/mL), fol lo wed by Myrtus com mu nis (MIC – 0.775±0.045 mg/
mL) and Ec hi nop ho ra te nu i fo lia (MIC – 7.75±4.5 mg/mL). Fi ve te sted P. chlo ro rap his stra-
ins ex hi bi ted so me an ta go ni stic ef fect aga inst C. be ti co la. Over night cul tu re (ONC) of P. 
chlo ro rap his strain E65 in du ced the hig hest per cen ta ge of in hi bi tion (75.8%), fol lo wed by 
N3 (72.0%). A cell-free su per na tant (CFS) and the CFS tre a ted with ED TA (CFS-ED TA) of 
the se stra ins sho wed si mi lar in hi bi tion of 60.2 and 56.0%, and both stra ins sup pres sed C. 
be ti co la growth. P. chlo ro rap his stra ins M1 and K113 al so re du ced the fun gal growth by 
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67–70% using ONC and bet we en 48–57% using dif fe rent CFS frac ti ons. The stra ins L1 and 
B25 ca u sed in hi bi tion of 60% using ONC and 50% by CFS. The lo west in hi bi tion (~40%) 
by CFS-ED TA and he at-tre a ted cell-free su per na tant (HT-CFS) was re cor ded for B25, which 
was used as a re fe ren ce strain. The te sted iso la tes of C. be ti co la we re su scep ti ble to all se-
lec ted es sen tial oils and P. chlo ro rap his stra ins Е25, N3, M1, and K113 in vi tro, ma king them 
a pro mi sing non-che mi cal con trol agent. It is re com men ded that the se fin dings sho uld be 
te sted in fi eld con di ti ons.

KEYWORDS: an ta go nism, CLS, es sen tial oils, MIC, Pse u do mo nas sp.

IN TRO DUC TION

Cer co spo ra le af spot (CLS) ca u sed by the fun gus Cer co spo ra be ti co la 
Sacc. is the most im por tant fo li ar di se a se of su gar be et (Be ta vul ga ris) wor ld-
wi de (Holtschul te, 2000; Ja cob sen and Franc, 2009; Ska ra cis et al., 2010). Yield 
re duc tion due to CLS can be over 50% (Ka i ser and Var rel mann, 2008). CLS is 
known to ca u se eco no mic da ma ge in Ser bia up to 50% (Tr ku lja et al., 2017). It 
is usu ally con trol led by sin gle-si te fun gi ci des, which can lead to a qu i te in ten-
si ve ap pli ca tion of pe sti ci des re sul ting in the de ve lop ment of fun gal re si stan ce 
and en vi ron men tal pol lu tion. C. be ti co la qu ickly de ve lops re si stan ce to the 
fun gi ci des, which ma kes pro tec tion dif fi cult (Ge or go po u los and Do vas, 1973). 
Con se qu ently, an en vi ron men tally fri endly al ter na ti ve is re qu i red that can al so 
en su re ac cep ta ble qu a lity and qu an tity of agri cul tu ral yield (Ma and Mic ha i-
li des, 2005). Bi o lo gi cal con trol agents and es sen tial oils are an at trac ti ve and 
pro mi sing al ter na ti ve for di se a se con trol due to the ir low en vi ron men tal im pact 
and the ir abi lity to slow down fun gi ci de re si stan ce in pat ho gen po pu la ti ons 
(Joc hum et al., 2006). Bi o pe sti ci des can be di vi ded in to three dif fe rent types 
ac cor ding to the ir ac ti ve sub stan ce: mic ro or ga nisms (bac te ria, fun gi, oomyce tes, 
vi ru ses, and pro to zoa), bi oc he mi cals (se con dary me ta bo li tes), and se mi oc he-
mi cals (a che mi cal sig nal pro du ced by one or ga nism that ca u ses a be ha vi o u ral 
chan ge in an in di vi dual of the sa me or a dif fe rent spe ci es) (Chan dler et al., 2011). 
A bi o pe sti ci de can be de fi ned as a mass-pro du ced agent ma nu fac tu red from a 
li ving mic ro or ga nism or a na tu ral pro duct and sold for the pur po se of con trol-
ling plant pests and di se a ses. This de fi ni tion en com pas ses most en ti ti es clas sed 
as bi o pe sti ci des wit hin the Or ga ni sa tion for Eco no mic Co o pe ra tion and De ve-
lop ment co un tri es (OECD, 2009).

Me di ci nal plants are a rich so ur ce of bi o lo gi cally ac ti ve com po unds. Dif-
fe rent me di ci nal plant spe ci es ha ve been used in tra di ti o nal me di ci ne be ca u se 
of the ir well-known an ti mic ro bial pro per ti es. Es sen tial oils (EOs) ha ve been used 
for the ir bac te ri ci dal, vi ru ci dal, and fun gi ci dal pro per ti es (Bak ka li et al., 2008). 
The re are nu me ro us da ta on the high in hi bi tory ef fect of EOs from dif fe rent 
plant spe ci es aga inst many phyto pat ho ge nic fun gal spe ci es (Özcan and Erk-
men, 2010; Ste vic et al., 2014; Com brinck et al., 2011), but the re are very few 
stu di es on the con trol of C. be ti co la (Fa to ung et al., 2011) using plant ex tracts.

Ge nus Pse u do mo nas com pri ses a num ber of plant growth-pro mo ting 
(PGP) spe ci es that ex press cha rac te ri stics that can lead to the im pro ve ment of 
plant growth and he alth. P. pu ti da WCS358 was in vol ved in in du cing syste mic 
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re si stan ce in plants (Me zi a ne et al., 2005). In the bi o lo gi cal con trol of cot ton 
se e dling, dam ping-off  di se a se ca u sed by R. so la ni, P. au re o fa ci ens (chlo ro
rap his) and P. flu o re scens we re fo und to pro du ce phe na zi ne, si de rop ho re, and 
vo la ti le and non-vo la ti le me ta bo li tes (Sa ma vat et al., 2014). 

An ta go ni stic ac ti vi ti es of Ser bian in di ge no us Pse u do mo nas spp. stra ins 
aga inst dif fe rent phyto pat ho ge nic fun gi we re re por ted by Dju ric et al. (2011), 
and Jo šić et al. (2015). P. chlo ro rap his stra ins har bo u ring mul ti ple PGP tra its, 
in clu ding an ti bi o tics phe na zi ne-1-car boxylic  acid (PCA) and 2-hydroxy-phe-
na zi ne-1-car boxylic  acid (2-OH-PCA), suc cessfully in hi bi ted Al ter na ria al ter
na ta growth and di se a se in ci den ce on car doon (Jo šić et al., 2012), P. the i co la, 
and F. oxyspo rum (Sta ro vić et al., 2017; Poš tić et al., 2019).

In this study, we ha ve as ses sed the pos si bi lity of using Eos, as well as 
dif fe rent frac ti ons of bac te rial cul tu re of P. chlo ro rap his stra ins as an ti fun gal 
agents in pre ven ting the de ve lop ment of one of the most dan ge ro us fun gal beet 
di se a ses. 

MA TE RIAL AND MET HODS

An ti fun gal ac ti vity of EOs

In this study, Tur kish pic kling herb or Tar ha na herb (Ec hi nop ho ra te nui
fo lia), ore ga no (Ori ga num vul ga re), ba sil (Oci mum ba si li cum), and myrtle 
(Myrtus com mu nis) we re ob ta i ned from Mer sin (Tur key) by hydro-dis til la tion 
in a Cle ven ger-type ap pa ra tus, as pre vi o usly re por ted (Özcan and Erk men, 
2001; Sta ro vić et al., 2016). The es sen tial oils ob ta i ned this way we re sto red in 
se a led glass bot tles, pro tec ted from the light by alu mi ni um foil wrap ping and 
sto red at -18 oC. 

Fun gi. The an ti fun gal ac ti vity was te sted using fun gal spe ci es iden ti fied 
as Cer co spo ra be ti co la from the col lec tion of the In sti tu te for Plant Pro tec tion 
and En vi ron ment, Bel gra de, Ser bia, and sub-cul tu red on po ta to dex tro se agar 
(PDA) at 28 °C. The su spen sion of ae rial myce lia was pre pa red from a 20-day-old 
myce li um su spen ded in 0.9% (w/v) NaCl with 0.1% (v/v) Twe en 20 by mi xing 
tho ro ughly using a vor tex mi xer. 

An ti fun gal ef fect in vi tro. To in ve sti ga te the an ti fun gal ac ti vity of EOs, 
a mic ro-di lu tion met hod was used (Ro dri qu ez-Tu de la et al., 2008). The fi nal 
vo lu me of mic ro ti ter pla te wells was 100 µl (90 µl/well po ta to dex tro se me di um 
with ap pro pri a te di lu ti ons of EO and 10 µl/well myce lia su spen sion of C. be
ti co la). The ex pe ri ment was per for med in fo ur re pe ti ti ons. Mic ro ti ter pla tes 
we re in cu ba ted for 5 days at 28 °C. 

The mi ni mal in hi bi tory con cen tra tion (MIC) was de fi ned as the lo west 
con cen tra tion of es sen tial oils (EO) that com ple tely in hi bi ted the vi si ble fun gal 
growth (Fi gu re 1). Flu co na zo le was used as a po si ti ve con trol. 

The ob ta i ned va lu es of MIC we re pro ces sed by Dun can’s mul ti ple ran ge 
tests. Analysis of the va ri an ce was per for med on MIC da ta of fo ur EOs on 



C. be ti co la. The sig ni fi can ce was eva lu a ted at p<0.05 for all tests. Sta ti sti cal 
analyses we re do ne by pro ce du res of STA TI STI CA v.7 (Stat Soft, Inc.) and IBM 
SPSS Sta ti stics v.20 (SPSS, Inc.).

An ti fun gal ac ti vity of P. chlo ro rap his stra ins

Fi ve P. chlo ro rap his stra ins from the rhi zosp he re of dif fe rent plants we re 
te sted for the an ti fun gal ef fect on C. be ti co la. The P. chlo ro rap his B25 strain 
was in clu ded in this ex pe ri ment as a re fe ren ce strain, who se com ple te ge no me 
se qu en ce has been de po si ted in DDBJ/503 EMBL/Gen Bank un der the ac ces-
sion num ber CP027753 (Bi essy et al., 2019). 

The an ta go ni stic ac ti vity of P. chlo ro rap his stra ins aga inst C. be ti co la 
was te sted on Wak sman agar me di um by dual cul tu re met hod (Wolf et al., 2002). 
A bac te rial over night cul tu re (ONC), ex tra cel lu lar me ta bo li tes in cell-free su-
per na tant (CFS), CFS tre a ted with ED TA (ethyle ne di a mi ne te tra a ce tic acid 
di so di um salt dehydra te), known as CFS-ED TA, and a he at-tre a ted cell-free 
su per na tant (HT-CFS) we re te sted for the in hi bi tion of C. be ti co la growth. To 
ob tain the su per na tant frac tion, an op ti mi zed ON cul tu re (106 CFU mL-1) was 
cen tri fu ged twi ce at 13,000 rpm for 5 min, with or wit ho ut fil tra tion (fil ter tu bes 
with mic ro po ro us mem bra ne 0.22 µm, Merck Mil li po re Ltd.). To test two ad di-
ti o nal frac ti ons, CFS was tre a ted with 1mM ED TA or he a ted at 70 oC for 30 min.

P. chlo ro rap his cul tu re and its frac tion (10 µL) we re pla ced on the ed ge of 
Pe tri dis hes, 2.5 cm dis tan ce from fun gal myce lia pla ced in the cen tre as 1 cm 
plug, whi le the con trol va ri ant con ta i ned only myce lia of C. be ti co la on WA and 
WA with 1mM ED TA ad ded in stead of bac te rial cul tu re/frac tion. Fo ur re pli-
ca tes per va ri ant we re used and the test was per for med twi ce. Af ter in cu ba tion 
of the cul tu res at 25 °C for 7 days, the growth of fun gus was me a su red. The 
per cen ta ge of the fun gal growth in hi bi tion was cal cu la ted using the fol lo wing 
for mu la: 100*(1-R2/R1), whe re R1 was the ra dial dis tan ce growth of the fun-
gus in a con trol pla te and R2 was the ra dial dis tan ce growth of the fun gus in 
the bac te rial tre at ment. The re sults of the fun gal growth in hi bi tion by P. chlo
ro rap his stra ins we re com pa red using a sta ti sti cally sig ni fi cant dif fe ren ce 
(p≤0.01) from Dun can’s test (STA TI STI CA v.7; Stat Soft, Inc.).

RE SULTS

An ti fun gal ac ti vity of EOs

All te sted oils sho wed so me an ti fun gal ac ti vity aga inst the te sted fun gal 
pat ho gen (Fi gu re 1). Ori ga num vul ga re EO sho wed the stron gest an ti fun gal 
ac ti vity (MIC – 5.5±0.0051μg/mL), with a slightly lo wer Myrtus com mu nis (MIC 
– 325.5±0.045μg/mL), fol lo wed by Oci mum ba si li cum (MIC – 775.5±0.045μg/
mL), and Ec hi nop ho ra te nu i fo lia (MIC – 3250.0±4.5 μg/mL) (Ta ble 1).
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Ta ble 1. An ti fun gal ac ti vity of the es sen tial oils ex pres sed as the mi ni mal in hi bi tory con-
cen tra ti ons (μg/mL) aga inst Cer co spo ra be ti co la.
Es sen tial oils MIC (μg/mL)*
Ec hi nop ho ra te nu i fo lia 3250.0c
O ri ga num vul ga re 5.5a
O ci mum ba si li cum 775.5b
M yrtus com mu nis 325.0b
*Dif fe rent let ters in MIC co lumn in di ca te a sig ni fi cant dif fe ren ce bet we en me ans (p<0.05)

Fi gu re 1. Mic ro-di lu tion met hod: an ti fun gal ef fect of in ve sti ga ted es sen tial oils.

An ti fun gal ac ti vity of P. chlo ro rap his stra ins

Our re sults ha ve de mon stra ted that all P. chlo ro rap his stra ins sho wed an 
an ta go ni stic ef fect on C. be ti co la (Ta ble 2). The per cen ta ge of fun gal growth 
in hi bi tion by over night cul tu re of the te sted stra ins ran ged from 60.6 to 75.8%, 
and from 48.8 to 60.2% by cell-free su per na tants. The frac tion CFS-ED TA of 
the strain B25 in du ced the lo west in hi bi tion ra te of 39.4% (Fi gu re 2). ED TA 
did not in flu en ce fun gal growth at all, sho wing no sta ti sti cally dif fe rent va lu es 
com pa red to the con trol. 

Ta ble 2. Growth of C. be ti co la (mm) af fec ted by P. chlo ro rap his stra ins.
Fun gus

C. be ti co la 
Bac te rial 

stra in 
Bac te rial cul tu re* and frac ti o n

ONC CFS CFS-ED TA HT-CFS
C B25 13.88±0.83 17.38±1.5 21.88±096 20.13±0.82
36.00±1.69 L1 14.25±1.16 18.5±1.07 19.13±1.64 18.63±1.3
C-ED TA M1 11.88±0.64 15.5±1.26 16.13±0.5 16.88±0.82
36.25±1.28 N3 10.13±0.64 14.38±1.06 15.25±0.89 14.88±0.83
me a n E65 8.75±0.52 14.38±1.06 16.13±0.83 15.38±1.3
36.13±1.45 K113 10.75±0.76 16.63±0.74 18.75±0.89 17.38±1.06

*bac te rial cul tu re 106 CFU mL-1 and its frac ti ons; C – Con trol; C-ED TA – Con trol sup-
ple men ted with 1mM ED TA; ONC – over night cul tu re; CFS – cell-free su per na tant; 
CFS-ED TA – CFS tre a ted with 1mM ED TA; HT-CFS – he at-tre a ted CFS. Va lu es in di-
ca te mean va lu es (±SD). 



14

Fi gu re 2. Growth in hi bi tion of C. be ti co la af fec ted by P. chlo ro rap his stra ins.
* The bars with the sa me let ters are not sig ni fi cantly dif fe rent at P < 0.01 using  

Dun can’s test.

DI SCUS SION

The se lec ted es sen tial oils, espe ci ally ore ga no, ex hi bi ted sig ni fi cant anti-
fun gal ac ti vity aga inst C. be ti co la. The se re sults are en co u ra ging con si de ring 
how re si stan ce of C. be ti co la to the fun gi ci des is wi dely esta blis hed. Anot her 
advan ta ge of using EOs is that they can be ap plied in or ga ni cally grown crops. 
The re sults of this in ve sti ga tion sup port our ear li er study of an ti fun gal ac ti vity 
aga inst Pho mop sis the i co la, as the most po tent oil was ore ga no (MIC-5.5μg/mL) 
(Sta ro vić et al., 2017). 

Nu me ro us stu di es from ot her re se ar chers ha ve shown sig ni fi cant an ti fun gal 
ac ti vity of ore ga no’s es sen tial oils, such as Ko cić-Ta nac kov et al. (2012) which 
ha ve de mon stra ted that the con cen tra tion of 25 μg/mL in hi bits the growth of 
Fu sa ri um oxyspo rum, F. pro li fe ra tum, F. sub glu ti nans, and F. ver ti ci li o i des 
by 81–88%. Be doya-Ser na et al. (2018) ob ta i ned the MIC of ore ga no es sen tial 
oil of 0.20 μg/mL, 0.26 μg/m L, and 0.30 μg/mL aga inst Fu sa ri um sp., Cla do
spo ri um sp., and Pe ni cil li um sp. re spec ti vely. In anot her study, the MICs of 
ore ga no es sen tial oil aga inst Bo tryti s ci ne rea and Col le tro tric hum gle o spo ri
o i des we re 0.8 and 1.0 mg/mL re spec ti vely (Cid-Pérrez et al., 2016). In ad di tion, 
the MIC of myrtle es sen tial oil aga inst Fu sa ri um spp. was 0.3–3.25 mg/mL 
(Sta ro vić et al., 2016). Ci tral, methyl an thra ni la te, and ne rol (ci tra te EOs) in a 
con cen tra tion of 5.0 mL/L re du ced C. be ti co la by 78–80% in fi eld con di tion 
and ma ni fe sted a very high an ta go ni stic ef fect aga inst C. be ti co la in vi tro con-
di ti ons (Fa to uh et al., 2011).
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Dual cul tu re as say in vi tro and in hi bi tion zo ne area was ta ken as a me a-
su re of the an ta go ni stic po ten tial, which led to the se lec tion of bac te rial stra ins 
with a bet ter in hi bi tory po ten tial on the growth of C. be ti co la. ONC of P. 
chlo ro rap his strain E65 in du ced the hig hest per cen ta ge of in hi bi tion (75.8%), 
fol lo wed by N3 (72.0%), sho wing a sig ni fi cant dif fe ren ce at P<0.01 using Dun-
can’s test. The re ver se sig ni fi can ce was cal cu la ted for the ir HT-CFS frac tion. 
No sig ni fi cant dif fe ren ce was ob ser ved in fun gal in hi bi tion of CFS and CFS-
ED TA of the se stra ins. Both stra ins we re highly ef fec ti ve in an ta go ni stic ac tion 
to ward C. be ti co la growth. The lo west per cen ta ge of in hi bi tion – aro und 60% 
for ONC and 50% for CFS was ca u sed by P. chlo ro rap his stra ins L1 and B25. 
B25 sho wed the lo west in hi bi tion for CFS-ED TA and HT-CFS. P. chlo ro rap
his stra ins M1 and K113 al so re du ced the fun gal growth at a high per cen ta ge 
(67–70%) by ONC and bet we en 48–57% by dif fe rent CFS. No sig ni fi cant dif-
fe ren ce bet we en stra ins E65, N3, and M1 in the in hi bi tion of fun gus com pa ring 
CFS-ED TA frac ti ons was ex hi bi ted.

This fin ding is in agre e ment with the re sults ob ta i ned by ot her re se ar-
chers. Ar zan lou et al. (2016) re por ted that C. be ti co la, a ca u sal agent of Cer-
co spo ra le af spot di se a se in su gar be et, was in hi bi ted by stra ins from dif fe rent 
ge ne ra iso la ted from the rhi zosp he re of su gar be et – Ba cil lus, Pse u do mo nas, 
and Pa e ni ba cil lus. The se stra ins sig ni fi cantly dec re a sed the di se a se se ve rity 
in la bo ra tory and gre en ho u se as says. In the ir study, Pse u do mo nas strain in-
hi bi ted two C. be ti co la stra ins by 53.13 and 64.84% in dual cul tu re as say, 
which is in con cor dan ce with our re sults. Po or ni ma et al. (2011) te sted Ba cil
lus sub ti lis, P. flu o re scens, Tric ho der ma har zi a num, T. ko nin gii, and T. vi ri de 
as bi o a gents, un der in vi tro and in vi vo con di ti ons, aga inst C. be ti co la that 
ca u sed CLS of pa lak (Be ta vul ga ris var. ben ga len sis Hort). Alt ho ugh T. har
zi a num was sig ni fi cantly su per i or un der in vi tro con di tion, P. flu o re scens was 
the most ef fec ti ve un der in vi vo con di ti ons sho wing the lo wer per cent of di se-
a se se ve rity.

To as sess the ef fec ti ve ness of bi o lo gi cal con trol of anot her phyto pat ho gen 
from ge ne ra Cer co spo ra, the ca u sal agent of fro geye le af spot of soya bean ‒ C. 
so ji na, Si mo net ti et al. (2012) used one P. flu o re scens and two Ba cil lus amylo
li qu e fa ci ens in di ge no us stra ins. The fun gal growth was in hi bi ted by 52–53% 
using the cul tu re of Ba cil lus stra ins and 32–34% with the P. flu o re scens strain. 
Be si des two dif fe rent spe ci es of pat ho gen and an an ta go nist from the sa me 
ge ne ra, we no ti ced that P. flu o re scens ca u sed a smal ler re duc tion in C. so ji na 
growth than cul tu re and three frac ti ons of all P. chlo ro rap his stra ins of C. 
be ti co la in our study.

In an at tempt to find al ter na ti ves to fun gi ci des aga inst C. be ti co la, Der-
ba lah et al. (2013) te sted se ve ral dif fe rent for mu la ti ons, in clu ding the bi o lo-
gi cal agent con ta i ning Ba cil lus sub ti lis, B. pu mi lus, P. flu o re scens, Epi coc cum 
ni grum, and fo und that bi o lo gi cal for mu la ti ons we re the most ef fec ti ve tre-
at ments aga inst su gar be et le af spot, fol lo wed by na no si li ca and na no zinc 
oxi de.
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CON CLU SI ONS

Our study pro vi des so und sci en ti fic evi den ce of the prac ti cal use of tra-
di ti o nal me di ci nal plants in bi o lo gi cal con trol of fun gal di se a ses and en co u ra-
ges se lec tion and te sting of ot her plant pro ducts as po ten tial al ter na ti ves to 
pe sti ci des. Ba sed on our pro mi sing re sults on the ef fec ti ve ness of the EOs from 
Tur kish pic kling herb, ore ga no, ba sil, and myrtle in C. be ti co la con trol, furt her 
stu di es co uld lead to the se lec tion of es sen tial oils and the ir con cen tra ti ons for 
in vi vo tri als of pro ducts with fun gi ci dal pro per ti es. Furt her stu di es sho uld 
fo cus on the in ve sti ga tion of the most ef fec ti ve an ta go ni stic P. chlo ro rap his 
stra ins E65, N3, and M1 in the con trol of CLS di se a se un der gre en ho u se and 
fi eld con di ti ons.
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АН ТИ ФУН ГАЛ НА АК ТИВ НОСТ БИЉ НИХ ЕТАР СКИХ УЉА И СОЈЕВА  
Pse u do mo nas chlo ro rap his НА Cer co spo ra be ti co la Sacc.

Ми ра С. СТА РО ВИЋ1, Да ни је ла Т. РИ СТИЋ1, Сне жа на Ђ. ПА ВЛО ВИЋ2, 
Mехмет М. МОЗ КАН3, Дра га на Љ. ЈО ШИЋ4

1 Ин сти тут за за шти ту би ља и жи вот ну сре ди ну, 
Те о до ра Драј зе ра 9, Бе о град 11000, Ср би ја

2 Ин сти тут за про у ча ва ње ле ко ви тог би ља „Др Јо сиф Пан чић”, 
Та де у ша Ко шћу шка 1, Бе о град 11000, Ср би ја 

3 Уни вер зи тет у Сел џу ку, По љо при вред ни фа кул тет,  
Ка те дра за пре храм бе но ин же њер ство, Ко ни ја 42079, Tурска

4 Ин сти тут за зе мљи ште, 
Те о до ра Драј зе ра 7, Бе о град 11000, Ср би ја

РЕ ЗИ МЕ: Пе га вост ли шћа ше ћер не ре пе чи ји је про у зро ко вач Cer co spo ra 
be ti co la Sacc. је вр ло де струк тив но обо ље ње ове биљне врсте. Хе миј ска сред ства 
се уо би ча је но ко ри сте за кон тро лу ове бо ле сти, јер за са да ал тер на тив не ме ре за-
шти те ни су ко мер ци ја ли зо ва не. У овом ра ду ис пи ти ван је in vi tro ан ти фун гал ни 
ути цај не ких етар ских уља (ЕУ) и Pse u do mo nas chlo ro rap his со је ва – ри зо бак те-
ри ја стимулатoра ра ста би ља ка, као мо гу ћих аге на са за кон тро лу овог па то ге на. 
Ми кро ди лу ци о ном ме то дом су од ре ђе не ми ни мал не кон цен тра ци је ин хи би ци је 
(MIC) етар ских уља. Сва примeњена етар ска уља су ис по љи ла за до во ља ва ју ћи сте-
пен ин хи би ци је. Етар ско уље ори га на ис по љи ло је нај ја чи ан ти фун гал ни ефе кат 
(MIC – 0,0055±0,0051mg/mL), не што ни жи бо сиљ ка (MIC – 0,075±0,045 mg/mL), 
мир те (MIC – 0,775±0,045 mg/mL) и нај сла би ји тур ске ки се ле биљ ке (MIC – 7,75±4,5 
mg/mL). Aнгонистички ефе кат на по раст ми це ли је C. be ti co la де тек то ван је код 
5 со је ва P. chlo ro rap his, а сој B25 ко ри шћен је као ре фе рент ни. Пре ко ноћ на кул-
ту ра P. chlo ro rap his со ја Е65 ис по љи ла је нај ви ши сте пен ин хи би ци је (75,8%), 
за тим со ја N3 (72,0), док су фрак ци је су пер на та на та са и без ED TA иза зва ле инхи-
би ци ју 60,2 и 56,0%. Пре ко ноћ не кул ту ре со је ва M1 и K113 ин хи би ра ле су 67–70% 
по раст ми це ли је, а 48–57% раз ли чи те фрак ци је супернатанaта. Ин хи би ци ју ра ста 
гљи ве 60% усло ви ле су пре ко ноћ не кул ту ре со је ва L1 и B25, а 50% њи хо ви су пер-
на тан ти, док су су пер на тант обо га ћен ED TA и тер мич ки тре ти ра ни су пер на тант 
со ја B25 оства ри ли нај ни жи сте пен ин хи би ци је (~40%). Сва при ме ње на етар ска 
уља и P. chlo ro rap his со је ви Е25, N3, M1 и K113 ис по љи ли су зна ча јан сте пен 
ини би ци је по ра ста ми це ли је изо ла та C. be ti co la по ре клом са ше ћер не ре пе, што 
их чи ни по тен ци јал но пер спек тив ним не хе миј ским аген си ма, чи ји ефе кат тре ба 
про ве ри ти и у пољ ским усло ви ма. 

КЉУЧ НЕ РЕ ЧИ: ан та го ни зам, етар ска уља, MIC, CLS, Pse u do mo nas sp.




