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ORI GI NAL AR TIC LE

M i  r a  S .  S T A R O V I Ć 1 * ,  D a  n i  j e  l a  T .  R I S T I Ć 1 , 
S n e  ž a  n a  Đ .  P A V L O V I Ć 2 ,  M e h  m e t  М .  M Ö Z C A N 3 , 
D r a  g a  n a  L ј .  J O Š I Ć 4

1 In sti tu te for Plant Pro tec tion and En vi ron ment, 
Te o do ra Draj ze ra 9, Bel gra de 11000, Ser bia
2 In sti tu te for Me di ci nal Plant Re se arch “Dr. Jo sif Pan čić”, 
Ta de u ša Koš ćuš ka 1, Bel gra de 11000, Ser bia
3 Selçuk Uni ver sity, Fa culty of Agri cul tu re, De part ment of Food En gi ne e ring, 
Ala ad din Keyku bat Kampüsü No. 371, Konya 42079, Tur key
4 In sti tu te of Soil Sci en ce, 
Te o do ra Draj ze ra 7, Bel gra de, Ser bia

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 

* Cor re spon ding aut hor. E-mail: mi ra ga vran sta ro vic @gmail.co m

Зборник Матице српске за природне науке / Matica Srpska J. Nat. Sci. № 140, 9—19, 
2021
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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). 
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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).



15

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.
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MORP HO LO GI CAL AND MO LE CU LAR  
CHA RAC TE RI ZA TION OF Fu sa ri um gra mi ne a rum  

Schwa be AS A CA U SAL AGENT OF  
Hysso pus of fi ci na lis L. SEED ROT

AB STRACT: Symptoms of seed rot of Hysso pus of fi ci na lis L. we re no ti ced du ring 
seed he alth te sting in 2018. Ac cor ding to morp ho lo gi cal and cul tu ral cha rac te ri stics, iso la tes 
be long to Fu sa ri um spp. and Al ter na ria spp.. Ba sed on morp ho lo gi cal and pat ho ge nic pro-
per ti es, as well as se qu en ce analysis, iso la te de sig na ted as 4003/3 wаs iden ti fied as Fu sa ri um 
gra mi ne a rum de po si ted in NCBI ge ne bank un der Acc. Num ber MK061542. To our know led ge 
F. gra mi ne a rum as the ca u sal agent of Hysso pus of fi ci na lis L. seed rot in Ser bia was no ti ced for 
the first ti me. This re se arch was sup por ted by the Mi ni stry of Edu ca tion, Sci en ce and Tec hno-
lo gi cal De ve lop ment of the Re pu blic of Ser bia, grant num ber: 451-03-9/2021-14/ 200032.

KEYWORDS: Hyssop, Fu sa ri um gra mi ne a rum, seed rot

IN TRO DUC TION

Hyssop (Hysso pus of fi ci na lis L.) is a pe ren nial polymorp ho us plant spe-
ci es of the La mi a ce ae fa mily. It is grown in So ut hern Eu ro pe with es sen tial oil 
ac cu mu la ted in the flo wers and le a ves and of ten used as con di ment and spi ces 
in food in du stri es (Fat hi a zad and Ha me deyazdan, 2011; Ogun wan de et al., 
2011; Za wiś lak, 2013). 

Fu sa ri um gra mi ne a rum Schwa be be longs to a gro up of im por tant soil- and 
seed-bor ne pat ho gens in fec ting nu me ro us crop plants and oc cur ring wor ldwi de 

* Cor re spon ding aut hor. E-mail: ma ja.ig nja tov @ifvcns.ns .ac .rs 
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in va ri o us cli ma tic zo nes pro du cing di ver se fa mi li es of se con dary me ta bo li tes 
such as ze a ra le no ne, de oxyni va le nol, and tric hot he ce ne (Le slie and Sum me rell, 
2006; Ne sic et al., 2014). 

Du ring ro u ti ne qu a lity con trol of hyssop se eds in 2018, fun gal in fec tion 
fol lo wed by seed rot was no ti ced and con fir med by mic ro sco pic exa mi na ti on. 
Mul ti lo cus se qu en ce typing sche me analysis has been ap plied to mem bers of 
the Fu sa ri um ge nus and DNA se qu en ce-ba sed iden ti fi ca tion of so me unk nown 
iso la tes can be ac hi e ved using the tran sla tion-elon ga tion fac tor 1α TEF ge ne 
re gion. Thus the TEF ge ne has be co me the mar ker of cho i ce as a sin gle-lo cus 
iden ti fi ca tion tool in Fu sa ri um (Ge i ser et al., 2004). 

The aim of this re se arch was the iden ti fi ca tion of the ca u sal agent of hyssop 
seed rot, ba sed on morp ho lo gi cal pro per ti es of iso la tes and mo le cu lar fe a tu res 
using par tial se qu en ces of the tran sla tion elon ga tion fac tor ge ne (1α TEF).

MA TE RIAL AND MET HODS

Pat ho gen iso la tion

Symptoms of in fec ted hyssop se eds ap pe ar to be soft, co ve red with whi te, 
light pink, or red dish fun gal myce li um, fol lo wed with vi o let pig men ta tion un der 
the se eds (Fi gu re 1a). In or der to per form iso la tion of the pat ho gen, in fec ted 
hyssop se eds we re tran sfer red on to a Po ta to Dex tro se Agar (PDA) me di um with 
strep tomycin sul fa te amen ded (300 mg/l) (w/v). Pla tes we re in cu ba ted for se ven 
days at 25 °C un der ul tra vi o let light (“black light”) with a 12h pho to pe riod 
(Mat hur and Kong sdall, 2003). 

Pat ho ge ni city test

Pat ho ge ni city test was per for med in vi tro using a mo di fied agar slant 
met hod in the test tu be with PDA amen ded (Por ter et al., 2015). At the bot tom 
of the tu be, the re was pla ced a pi e ce of myce li um of each iso la te grown on PDA 
and dried hyssop seed was ca re fully pla ced 2 cm abo ve. As a po si ti ve con trol, 
the re was used an iden ti fied iso la te of Fu sa ri um gra mi ne a rum from the col lec-
tion of the In sti tu te of Fi eld and Ve ge ta ble Crops (La bo ra tory for Seed Te sting). 
Hyssop seed pla ced on agar wit ho ut myce lia was used as a ne ga ti ve con trol. 
For each iso la te, set of fi ve tu bes in fo ur re pe ti ti ons we re ino cu la ted. All test 
tu bes we re pla ced in asep tic se a led pla stic bo xes and in cu ba ted for two we eks 
at 25 °C. All iso la tes we re re-iso la ted and sub-cul tu red on Po ta to Dex tro se Agar 
(PDA) and Car na tion Le af Agar (CLA) using a hyphal tip tran sfer tec hni que 
(Le slie and Sum me rell, 2006), ful fil ling Koch’s po stu la tes. Iden ti fi ca tion of 
Fu sa ri um spe ci es and morp ho lo gi cal cha rac te ri za tion was per for med ac cor ding 
to Ger lach and Ni ren berg (1982) and Le slie and Sum me rell (2006).
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DNA ex trac ti on and mo le cu lar spe ci es iden ti fi ca tion

Fu sa ri um iso la tes we re grown on PDA pla tes for 7 days, and myce lia we re 
har ve sted and gro und in li qu id ni tro gen. DNA was ex trac ted using a DNe asy 
Mi ni Kit (QI A GEN Inc., Hil den, Ger many), ac cor ding to the ma nu fac tu rer’s 
in struc ti ons. The tran sla tion elon ga tion fac tor 1α TEF ge ne re gion was am-
pli fied by PCR with the pri mers EF1 (ATGGGTA AG GAG GA CA A GAC) and 
EF2 (GGA AG TAC CAG TGAT CATGTT) (O’Don nell et al., 1998; Ge i ser et al., 
2004). The polyme ra se chain re ac tion (PCR) was do ne in S-ther mal cycler 
(Ep pen dorf, Ger many) with a to tal vo lu me of 25 μl con si sting of 12.5 μl of 2x 
Ep pen dorf Ma ster Mix (Fer men tas, Lit hu a nia); 1.25 μM of each pri mer (100 
pmol/μl), 1μl of fun gal DNA, and 9 μl of RNa se-free wa ter. The re ac tion was 
per for med in a ther mal cycler (Ep pen dorf, Ger many) un der the fol lo wing pro-
grams: ini tial de na tu ra tion of 2 min at 94 °C, fol lo wed by 35 cycles of 1 min 
at 94 °C, 1 min at 53 °C, and 2 min at 72 °C, with a fi nal ex ten si on of 10 min 
at 72 °C. PCR pro ducts we re se pa ra ted using elec trop ho re sis on 1.5% aga ro se 
gel con ta i ning et hi di um bro mi de (0.5 g/mL) and vi su a li zed using a UV light 
with Bio-print cx4 (Vil ber Lo ur mat, Ger many).

The am pli fied pro duct from iso la te JBL4003/3 was pu ri fied with a QI A-
qu ick PCR Pu ri fi ca tion Kit (Qi a gen) and se qu en ced in both di rec ti ons with an 
au to ma ted se qu en cer (Mac ro gen, Ko rea). The ob ta i ned se qu en ce was com pa-
red with the pre vi o usly re por ted iso la tes ava i la ble in the Gen Bank (http://www.
ncbi.nlm.nih.gov/BLAST/), using the Clu stalW pro gram (Thomp son et al., 1994) 
and ME GA6 soft wa re (Ta mu ra et al., 2013). 

The phylo ge ne tic tree was ge ne ra ted using Ma xi mum li ke li hood im ple-
men ted in ME GA 6 soft wa re (Ta mu ra et al., 2013). The edi ted 1α TEF se qu-
en ce was com pa red with ot her ava i la ble Fu sa ri um spe ci es se qu en ces in the 
Gen Bank. The re li a bi lity of the ob ta i ned tree was eva lu a ted using the bo ot strap 
analysis ba sed on 1000 re pli ca tes, and bo ot strap va lu es <50% we re omit ted. 
Ki mu ra 2-pa ra me ter mo del was cho sen as the best-fit ting mo del of nuc le o ti de 
sub sti tu tion.

RE SULTS AND DI SCUS SION

Twel ve iso la tes di stin gu is hed ba sed on co lо ni es ap pe a ran ces and morp ho-
lo gi cal cha rac te ri stics we re cho sen for furt her in ve sti ga tion (JBL4003/1-4003/12). 
The pre sen ce of Fu sa ri um spp. and Al ter na ria spp. (JBL4003/5) was con fir med 
with mic ro sco pic ob ser va tion. Pig men ta tion of the most Fu sa ri um spp. iso la-
tes was va ri ably chan ging from whi tish to pin kish, dark pur ple to vi na ce o us 
with a dash of brown, with mac ro or mic ro co ni dia for med which in di ca ted pre-
sen ce of Fu sa ri um spp. Iso la te JBL4003/3 was di stin gu is hed ba sed on cul tu ral 
and morp ho lo gi cal cha rac te ri stics, and ac cor ding to the de scrip tion gi ven by 
Ger lach and Ni ren berg (1982), it be longs to F. gra mi ne a rum. Re gar ding the 
daily myce lial growth ra te, iso la te JBL4003/3 was fast gro wing ca u sing the 
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hyssop seed rot af ter the fifth day. No fun gi re co ve red from the ne ga ti ve con-
trol. All iso la tes we re re-iso la ted from sympto ma tic tis sue thus ful fil ling Koch’s 
po stu la tes, and sto red by fre e zing at -70 °C. A pre vi o us study sho wed that hyssop 
seed is the host of dif fe rent Fu sa ri um spe ci es (Ig nja tov et al., 2020). Sin ce 2018, 
an in cre a se in ca ses of fu sa ri o sis has been ob ser ved in Ser bia, pre sent on va ri o us 
se eds of many dif fe rent spe ci es (hyssop, gar lic, onion, “eve ning stock” etc.) 
(Ig nja tov et al., 2017, 2020). Fu sa ri um gra mi ne a rum is a ma jor pat ho gen wor-
ldwi de and the main ca u sal agent of fu sa ri um head blight, a di se a se com plex 
of whe at and ot her small gra ins. In ad di tion to ca u sing con si de ra ble crop yield 
dec re a se, it is of par ti cu lar con cern be ca u se of the abi lity of Fu sa ri um spe ci es 
to pro du ce myco to xins in the grain that are har mful to hu man and ani mal 
con su mers (Pe tru et al., 2016).

 
Fi gu re 1. Fu sa ri um gra mi ne a rum Schwa be on hyssop seed (Hysso pus of fi ci na lis L.):

a) Symptoms of the pri mary in fec tion of Hysso pus of fi ci na lis (Fu sa ri um spp., Al ter na ria 
spp.; b) Co lony of F. gra mi ne a rum grown on PDA – iso la te JBL4003/3

Polyme ra se chain re ac tion (PCR) with pri mers de sig na ted as EF1 and 
EF2 was cre a ted as cho i ce of a sin gle lo cus iden ti fi ca tion tool in Fu sa ri um 
ge nus (Ge i ser et al., 2004). The am pli fied and pu ri fied DNA frag ment of re-
pre sen ta ti ve JBL4003/3 iso la te was se qu en ced in both di rec ti ons and de po si ted 
in the Ge ne Bank un der Ac ces sion Num ber MK061542.1. Ge ne tic analysis of 
the tran sla tion elon ga tion fac tor 1α TEF se qu en ce con fir med that Ser bian 
iso la te ori gi na ting from hyssop be longs to F. gra mi ne a rum Schwa be spe ci es 
sho wing 100% ho mo logy with stra ins from Gen Bank (Acc. Nos. KM052642 
and JX118875). A Ma xi mum li ke li hood tree (Fi gu re 2), re con struc ted ba sed 
on the 1α TEF se qu en ces of dif fe rent Fu sa ri um spe ci es se lec ted from Gen-
Bank show that JBL4003/3 iso la te used in this study was gro u ped with the 
iso la tes pre vi o usly cha rac te ri zed as F. gra mi ne a rum Schwa be (Acc. Nos. 
JF270173, JF278592 and HQ702569). Cer tain gro ups are well co ve red in 
FU SA RI UM-ID  (NCBI) da ta ba se, par ti cu larly Gib be rel la fu ji ku roi spe ci es 
com plex. Fu sa ri um gra mi ne a rum is a com mon pat ho gen in fec ting mul ti ple crops 
from va ri o us cli ma tic zo nes.
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Fi gu re 2. Phylo ge ne tic tree: Phylo gram was ge ne ra ted with ME GA6 using bo ot strap 
analysis with 1000 re pli ca tes whi le the bo ot strap va lu es (>50%) are shown next to  

re le vant bran ches. F. gra mi ne a rum Schwa be spe ci es sho wing 100% ho mo logy with  
F. gra mi ne a rum stra ins from Gen Bank JF270173, JF278592 and HQ702569

Mo le cu lar de tec tion ba sed on the TEF ge ne of Fu sa ri um spe ci es co uld be 
a po wer ful tool in iden ti fi ca tion of the pat ho ge nic spe ci es, gi ving re sults in a 
shor ter pe riod of ti me com pa red to the morp ho lo gi cal iden ti fi ca tion (Pa vlo vić 
et al., 2016). Ge ne rally, a ma na ge ment of rot di se a se, ca u sed by Fu sa ri um spe-
ci es, is usu ally ba sed on the crop ro ta ti ons to re du ce the ino cu lum le vels in soil 
(Da vis et al., 2006) as well as using he althy se eds or ge ne ti cally re si stant cul-
ti vars. 

CON CLU SION

Ba sed on morp ho lo gi cal and pat ho ge nic pro per ti es, as well as se qu en ce 
analysis, to our know led ge, this is the first ca se of F. gra mi ne a rum as the ca u sal 
agent of Hysso pus of fi ci na lis L. seed rot in Ser bia. 
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This re se arch was sup por ted by the Mi ni stry of Edu ca tion, Sci en ce and 
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МОР ФО ЛО ШКА И МО ЛЕ КУ ЛАР НА КА РАК ТЕ РИ ЗА ЦИ ЈА  
Fu sa ri um gra mi ne a rum Schwa be КАО ПРО У ЗРО КО ВА ЧА  

ТРУ ЛЕ ЖИ СЕ МЕ НА Hysso pus of fi ci na lis L. 
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2 Институт за заштиту биља и животну средину,
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РЕ ЗИ МЕ: Симп то ми тру ле жи се ме на Hysso pus of fi ci na lis L. при ме ће ни су 
то ком ис пи ти ва ња здрав стве ног ста ња се ме на 2018. го ди не. Пре ма мор фо ло шким 
и од га ји вач ким ка рак те ри сти ка ма изо ла ти при па да ју вр ста ма Fu sa ri um spp. и 
Al ter na tia spp.. Иден ти фи ка ци ја Fu sa ri um spp. по твр ђе на је при ме ном лан ча не 
ре ак ци је по ли ме ра зе са па ром прај ме ра EF1 и EF2, при че му је ам пли фи ка ци ја и 
се квен ци о ни ра ње ге на TEF-1α из вр ше на за изо лат JBL4003/3 (MK061542.1), чи ме 
је по твр ђе но да је изоп но ви до ма ћин вр сте Fu sa ri um gra mi ne a rum Schwa be.

КЉУЧ НЕ РЕ ЧИ: изоп, Fu sa ri um gra mi ne a rum, трулеж семена
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POST HAR VEST DE CAY OF MAN DA RIN FRU IT  
IN SER BIA CA U SED BY Pe ni cil li um ex pan sum

AB STRACT: Man da rin fru its are one of the most po pu lar among the Ci trus ge nus. 
They are con su med be ca u se of the ir nu tri ti o nal and he alth be ne fits, as well as ple a sant ta ste 
and smell. This pa per de scri bes the iden ti fi ca tion and cha rac te ri za tion of Pe ni cil li um ex pan
sum, iso la ted from mol ded man da rin fru its. The ob ta i ned iso la tes we re cul ti va ted on fi ve 
me dia [Cza pek Yeast Au tolysa te agar (CYA), MEA (Malt ex tract agar), Cre a ti ne suc ro se 
agar (CREA), Yeast ex tract suc ro se agar (YES), and Oat meal agar (OA)] and at fi ve dif fe rent 
in cu ba tion tem pe ra tu res (5, 15, 25, 30, and 37 °C). Iso la tes we re se qu en ced for two mo le cu lar 
lo ci: in ter nal tran scri bed spa cer and be ta-tu bu lin. Ba sed on the re sults from morp ho lo gi cal, 
physi o lo gi cal, mo le cu lar, and phylo ge ne tic analyses, the re co ve red iso la tes we re iden ti fied 
as P. ex pan sum. The iso la ted spe ci es was con fir med as pat ho ge nic to man da rin fru its in a 
pat ho ge ni city test. To the best of our know led ge, this is the first re port of P. ex pan sum as a 
post har vest pat ho gen of man da rin fru it in Ser bia.

KEYWORDS: Ci trus re ti cu la ta, iden ti fi ca tion, morp ho lo gi cal analysis, mo le cu lar 
cha rac te ri za tion, pat ho ge ni city

IN TRO DUC TION

Ci trus fru its (oran ges, le mons, li mes, gra pe fru it, tan ge ri nes, and the ir 
va ri e ti es) are among the most im por tant crops wor ldwi de. They be long to the 
Ru ta ce ae plant fa mily and they are cul ti va ted in mo re than 140 co un tri es ac ross 
the glo be (Liu et al., 2012; Wu et al., 2018). The ir nu tri ti o nal va lu es ma ke them 
an im por tant part of the he althy hu man di et. 

One of the most po pu lar ci trus fru its is man da rin (Ci trus re ti cu la ta Blan co). 
It en com pas ses many va ri e ti es, hybrids, and mu tants that ha ve dis tinct na mes, 
but se ve ral terms are used in col lo qu i al spe ech (man da rins, cle men ti nes, tan-
ge ri nes, etc.). To get her with ci tron (C. me di ca) and pum me lo (C. ma xi ma), 
man da rins are con si de red an ce stral Ci trus spe ci es (Wu et al., 2018). The tasty 

* Cor re spon ding aut hor. E-mail: ste fan.sto sic @i zbis.bg.ac.rs
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fla vo ur, ali men tary im por tan ce, se e dles sness in so me sorts, the ea se of pe e ling, 
and the small amo unt of the re si dual oils on hands du ring pe e ling are so me of 
the re a sons for be ing of ten the first cho i ce among the con su mers of ci trus fru its 
(El-Ot ma ni et al., 2011; Wang et al., 2018). Man da rin fru its are con su med in 
fresh form, used for man da rin ju i ce pro duc tion, or ap plied in the ma nu fac tu-
ring of jel li es, es sen tial oils, con fec ti o nery, and swe ets. Man da rin ju i ce is al so 
used for adul te ra tion of ot her ci trus ju i ces or for ma king fer men ted be ve ra ges 
(Put nik et al., 2017). Nu tri ti o nal be ne fits of man da rin fru it con sump tion in clu de 
vi ta mins C, E, and A, ca ro te no ids (phyto e ne, β-crypto xant hin, and vi o la xant-
hin), phe no lic com po unds, su gars, or ga nic acids, po tas si um, phosp ho rus, mag-
ne si um, ami no acids (aspa ra gi ne, ar gi ni ne, aspar tic acid, pro li ne, and glu ta mi ne). 
The se com po unds ha ve va ri o us an ti o xi dant, an ti-in flam ma tory, an ti car ci no-
ge nic, and car di o pro tec ti ve ef fects on hu man he alth (Codoñer-Franch and Valls-
Bellés, 2010; Put nik et al., 2017).

Pro duc tion of man da rin fru it and its va ri e ti es in 2018 was 34,393,430 tons 
with a ste a dily in cre a se in the last three de ca des (FA O STAT, 2020). Man da rins 
and be lon ging hybrids are ran ked the se cond of all the ci trus fru its pro du ced 
in the world (Pa lou et al., 2015). In Ser bia, the an nual im port of man da rin/
cle men ti ne/tan ge ri ne fru its in 2019 was 28,568.4 tons. Man da rin with its va-
ri e ti es was the se cond of all the ci trus fru its, and the fo urth of all the fru its 
im por ted in Ser bia in 2019 (Sta ti sti cal Of fi ce of the Re pu blic of Ser bia, 2020).

Many fun gi can at tack ci trus fru its (in clu ding man da rins) and ca u se di se-
a ses, in the fi eld or af ter har vest. Pat ho gens that in fect the plants in the or chard 
of ten can re main la tent and the di se a se can de ve lop la ter in the pac king ho u se. 
So me of the most im por tant post har vest fun gal pat ho gens from this gro up are 
La si o di plo dia the o bro mae, Pho mop sis ci tri, Al ter na ria ci tri, Bo tryti s ci ne rea, 
Col le to tric hum glo e o spo ri o i des, and Phytophtho ra ci trophtho ra. Pat ho ge nic 
fun gi from the se cond gro up in fect the man da rin fru it thro ugh in ju ri es or mic ro-
-wo unds. The se are known as wo und pat ho gens and so me of the cha rac te ri stic 
spe ci es that ca u se post har vest di se a ses are Pe ni cil li um di gi ta tum, P. ita li cum, 
and Ge o tric hum can di dum (Bar kai-Go lan, 2001; Pa lou et al., 2015). Two li sted 
Pe ni cil li um spe ci es are con si de red maybe the most im por tant post har vest di-
se a ses of ci trus fru its, con tri bu ting up to 90% of the to tal loss (Yang et al., 2019). 
Be si des men ti o ned, ot her spe ci es of Pe ni cil li um spp. are re por ted as pat ho gens 
of man da rin fru it and its va ri e ti es/hybrids: P. cru sto sum (Gar cha and Singh, 
1976), P. ula i en se (Tas hi ro et al., 2012; Park et al., 2018), and P. ex pan sum 
(Mo o sa et al., 2019). P. ex pan sum was al so iso la ted from man da rin fru it (Ci trus 
un shiu (Swin gle) Mar cov.) in a study by Liu et al. (2009), but the pat ho ge ni city 
test was not per for med. 

To the best of our know led ge, the only re por ted post har vest pat ho gen of 
man da rin fru it in Ser bia is C. glo e o spo ri o i des (Živ ko vić et al., 2012). Con si-
de ring that the re are no li te ra tu re da ta abo ut post har vest di se a ses ca u sed by 
Pe ni cil li um spe ci es on sto red man da rin fru it in Ser bia, the aim of this study was 
to elu ci da te the eti o logy of the Pe ni cil li um-li ke de cay, to iden tify the ca u sal agent(s) 
using the polypha sic ap pro ach – com bi ning morp ho lo gi cal, physi o lo gi cal, and 
mo le cu lar met hods – and to test the pat ho ge ni city of the ob ta i ned iso la tes.
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MA TE RI ALS AND MET HODS

Sam ple col lec tion and fun gal iso la tion

Man da rin fru its with blue mold symptoms we re col lec ted from the mar-
kets in Ser bia du ring 2017–2019. Symptoms in clu ded pa le, wa tery spots or the 
pre sen ce of the blue spo ru la tion on the fru it sur fa ce. Forty-eight sam ples ha ve 
been col lec ted in to tal and the iso la ti ons we re car ried out im me di a tely upon 
brin ging them to the la bo ra tory. Small pi e ces on the mar gin of the di se a sed 
and he althy tis sue we re re mo ved with a ste ri li zed scal pel and sur fa ce-ste ri li zed 
for 3 min in 1% aqu e o us ho me ble ach so lu tion. Af ter that, pi e ces we re rin sed 
three ti mes in ste ri le dis til led wa ter, pla ced and in cu ba ted on malt ex tract agar 
(MEA) for 7 days at 25 °C. Myce lial frag ments we re ta ken from the gro wing 
co lony mar gin and tran sfer red to new MEA pla tes. Ten mo no spo rial iso la tes 
we re pro du ced and pre ser ved on po ta to dex tro se agar (PDA) slants in the 
re fri ge ra tor at 4 °C.

Morp ho lo gi cal and physi o lo gi cal cha rac te ri za tion

The morp ho logy of the se ten iso la tes was exa mi ned on fi ve me dia: Cza-
pek Yeast Au tolysa te agar (CYA), MEA, Cre a ti ne suc ro se agar (CREA), Yeast 
ex tract suc ro se agar (YES), and Oat meal agar (OA). Cul tu res we re three-po int 
ino cu la ted with 1 µl of co ni dial su spen sion and in cu ba ted for 7 days at 25 °C 
(Vi sa gie et al., 2014). Af ter the in cu ba tion pe riod, co lony growth and tex tu re, 
de gree of spo ru la tion, the co lo ur of spo res, the pre sen ce and co lo urs of so lu ble 
pig ments and exu da tes, co lony re ver se co lo urs, and de gree of growth and acid 
pro duc tion (on CREA) we re re cor ded. 

The iso la tes we re al so ino cu la ted on CYA pla tes and in cu ba ted for 7 days 
in the dark at fi ve dif fe rent tem pe ra tu res (5, 15, 25, 30, and 37 °C) to exa mi ne 
the growth and the ap pe a ran ce of the cul tu res and to de tect li mi ting tem pe ra-
tu res for fun gal de ve lop ment.

Mic ro sco pic ob ser va tion

Mic ro sco pic sli des we re pre pa red from 10-day old MEA cul tu res with 
60% lac tic acid used as a mo un ting fluid (Vi sa gie et al., 2014). Co ni di op ho res’ 
bran ching pat terns, sha pe and tex tu re of phi a li des, the sha pe of co ni dia and 
or na men ta tion of the co ni dial cell wall we re re cor ded for all te sted iso la tes. 
Ob ser va ti ons we re per for med using an Olympus mic ro sco pe (mo del BX51, 
Olympus Cor po ra tion, Ja pan) and sli des we re pho to grap hed with Olympus 
ca me ra (mo del E620, Olympus Cor po ra tion, Ja pan) at tac hed to the mic ro sco pe. 
Me a su re ments of co ni dia (two di a me ters – length and width) we re do ne in the 
Qu ick Pho to Ca me ra soft wa re pro gram (PRO MIC RA, s.r.o., Czech Re pu blic).
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DNA ex trac ti on and PCR

Ge no mic DNA was ex trac ted from cul tu res grown on MEA for 7 days at 
25 °C. A ste ri le bla de was used to scra pe ro ughly 100 mg of myce li um from the 
pla te sur fa ce and to tran sfer it to a 2 ml cen tri fu ge mic ro tu be. Har ve sted myce-
li um was fro zen with li qu id ni tro gen and gro und using a ste ri le mic ro pe stle. 
Fun gal DNA was ex trac ted using a DNe asy Plant Mi ni Kit (Qi a gen, Hil den, 
Ger many) fol lo wing the ma nu fac tu rer’s in struc ti ons. The ob ta i ned DNA was 
pre ser ved at -20 °C un til furt her use.

To con firm morp ho lo gi cal iden ti fi ca tion, par tial se qu en ces of the in ter nal 
tran scri bed spa cer (ITS) re gion of the rD NA and β-tu bu lin ge ne (Be nA) we re 
am pli fied in a polyme ra se chain re ac tion (PCR), using the fun gal spe ci fic pri-
mers V9G/LS266 and Bt2a/Bt2b, re spec ti vely (Glass and Do nald son, 1995; 
Ma scla ux et al., 1995; de Ho og and van den En de, 1998) and fol lo wing the 
in struc ti ons from Vi sa gie et al. (2014). Am pli fi ca tion con di ti ons we re as fol-
lows: an ini tial de na tu ring step of 5 min at 94 °C, fol lo wed by 35 cycles of 45 s 
at 94 °C, 45 s at 55 °C, 1 min at 72 °C, and a fi nal de na tu ring step of 7 min at 
72 °C. The com po unds and vo lu mes for PCR re ac ti ons we re pre pa red as de-
scri bed in our pre vi o us work (Sto šić et al., 2020).

Se qu en cing and phylo ge ne tic analyses

The sa me pri mers used for PCR am pli fi ca ti ons we re al so used for the 
se qu en cing of the ob ta i ned PCR pro ducts. Pu ri fi ca tion and se qu en cing in both 
di rec ti ons of the re co ve red PCR am pli cons we re do ne by Mac ro gen’s Eu ro pe 
com mer cial se qu en cing ser vi ce (Mac ro gen Eu ro pe B.V., Am ster dam, the Net-
her lands). The se qu en ces’ qu a lity was exa mi ned using FinchTV soft wa re (ver-
sion 1.4.0, www.ge o spi za.co m /finchtv) and the Clu stalW al go rithm (Thomp son 
et al., 1994) in te gra ted in to ME GA7 soft wa re (Ku mar et al., 2016) used to 
com pu te con sen sus se qu en ces. Nuc le o ti de BLAST se arch al go rithm was ap-
plied to com pa re the si mi la rity of the se qu en ces from this study with the fun gal 
se qu en ces from the NCBI Gen Bank da ta ba se. Af ter the si mi la rity se arch and 
de fi ni ti ve iden ti fi ca tion, all ge ne ra ted se qu en ces we re de po si ted in the NCBI 
Gen Bank da ta ba se (Ta ble 1, ac ces sion num bers MT556009 and MT556010 
(ITS), MT563326, and MT563327 (Be nA)).

The phylo geny was as ses sed using ME GA soft wa re (ver sion 7.0.26, Ku-
mar et al., 2016). The ma xi mum li ke li hood (ML) tree was con struc ted for a 
com bi ned da ta set of ITS and Be nA se qu en ces (Ta ble 1). The gam ma-di stri bu-
ted Ta mu ra-Ne i mo del (G+I) with in va ri ant si tes was em ployed  as the best 
fit ting mo del of nuc le o ti de sub sti tu tion (5 di scre te gam ma ca te go ri es, com ple-
te de le tion of gaps/mis sing da ta tre at ment, ne a rest ne ig hbo ur in ter chan ge as 
ML he u ri stic met hod). The re li a bi lity of the ob ta i ned tre es was eva lu a ted with 
1,000 bo ot strap re pli ca ti ons for branch sta bi lity. Bo ot strap con fi den ce va lu es 
less than 70% we re omit ted and the se qu en ces of Asper gil lus ni ger (iso la te NRRL 
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326) we re de sig na ted as an out gro up in all analyses. Phylo ge ne tic tre es we re 
edi ted and pre pa red for pu bli ca tion in Ado be Il lu stra tor CS6 (Ado be, U.S.A.).

Ta ble 1. Ac ces sion num bers of Pe ni cil li um spp. iso la tes with col lec tion de ta ils used in the 
phylo ge ne tic analysis; iso la tes from this study are bol ded.

Spe ci es Strain/iso la te Sub stra te and ori gin Gen Bank ac ces si on s
IT S Be nA

A. ni ger NRRL 326 = CBS 554.65 Tan nin-gal lic acid fer men ta-
tion, Con nec ti cut, U.S.A. EF661186 EF661089

P. al li i IBT 3056=CBS 188.88 Food item, U.K. AJ005484 AY674333

P. cru sto sum FRR 1669 = CBS 115503 
= IMI 091917

Le mon fru it, Aber deen,  
Sco tland, UK AY373907 AY674353

P. cru sto sum SFC20140101-M781 = 5501 Unk nown KJ527442 KJ527407

P. cru sto sum CV1267 = DTO182I3
Pro tea re pens in fruc te scen ce, 
Ri ver lands (Mal mes bury),  
So uth Afri ca

JX091401 JX091537

P. cru sto sum CV1529 = DTO183C4
Pro tea re pens in fruc te scen ce, 
Ri ver lands (Mal mes bury),  
So uth Afri ca

JX091402 JX091538

P. cru sto sum CV0241 = DTO181D2 Pro tea re pens in fruc te scen ce, 
Stel len bosch, So uth Afri ca JX091403 JX091536

P. cru sto sum CV0251 = DTO181D6
Mi te from Pro tea re pens  
in fruc te scen ce, Stel len bosch, 
So uth Afri ca

JX091404 JX091530

P. cru sto sum CNU 6043 Ap ple fru it, Yesan, Ko re a HQ225711 HQ 225724
P. di gi ta tum CBS 112082 Le mon, Italy KJ834506 KJ834447
P. ex pan sum CBS 325.48 = ATCC 7861 Ap ple fru it, U.S.A. AY373912 AY674400
P. ex pan sum SFC20140101-M737 = 5537 Unk nown KJ527444 KJ527409
P. ex pan sum F758 Su gar be et ro ot, Ida ho, U.S.A. MG714838 MG714864

P. ex pan sum CV2860 = DTO180F6 = 
CV 407 Soil, So uth Afri ca FJ230989 JX091539

P. ex pan sum CV2861 = DTO180F7 = 
CV 432 Soil, So uth Afri ca FJ230990 JX091540

P. ex pan sum CNU 7003 Ap ple fru it, Da e joen, Ko re a HQ225715 HQ 225727
P. ex pan sum MP/4 Man da rin fru it, Ser bi a MT556009 MT563326
P. ex pan sum MP/5 Man da rin fru it, Ser bi a MT556010 MT563327

P. ita li cum CBS 339.48 Ci trus fru it, Ri ver si de, CA, 
U.S.A. KJ834509 AY674398

P. ita li cum SFC20140101-M724 = 
5340 Unk nown KJ527447 KJ527412

P. ita li cum CNU 6089 Ap ple fru it, Yesan, Ko re a HQ225716 HQ 225728
P. po lo ni cum CBS 222.28 = NRRL 995 Soil, Po lan d AF033475 AY674305
P. po lo ni cum F775 Su gar be et ro ot, Ida ho, U.S.A. MG714841 MG714868
P. so li tum CBS 424.89 = FRR 937 Unk nown, Ger many AY373932 AY674354
P. so li tum CNU 4096 Ap ple fru it, Da e gu, Ko re a HQ213935 HQ 225721

P. vi ri di ca tum CBS 390.48 = DTO 
005-C9 = FRR 963 Air, Was hing ton DC, U.S.A. AY373939 AY674295
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Pat ho ge ni city as say

A pat ho ge ni city test was con duc ted on in tact, sympto mless man da rin 
fru its for all ob ta i ned iso la tes. Man da rins we re sur fa ce-ste ri li zed with 70% 
ethyl al co hol, al lo wed to air dry, and then wo un ded with a ste ri le ne e dle. Fifty 
mic ro li ters of spo re su spen sion we re injec ted in to the wo und using an au to ma-
ted mic ro pi pet te and the cor re spon ding mic ro pi pet te tip. The co ni dial su spen-
sion was pre pa red by di lu ting the spo res col lec ted from the 14-day-old MEA 
cul tu res in 1 ml of ste ri le dis til led wa ter. Spo re con cen tra tion was de ter mi ned 
and adju sted to a con cen tra tion of 1 × 106 spo res/ml using a Ne u ba u er he mo-
cyto  me ter. Fru its ino cu la ted with 50 μl of ste ri le dis til led wa ter re pre sen ted 
ne ga ti ve con trol. Three re pli ca tes per iso la te we re used. All te sted fru its we re 
pla ced in pla stic bo xes and in cu ba ted at 25 °C and 95% re la ti ve air hu mi dity. 
Se ven days af ter the ino cu la tion, the de ve lo ped symptoms we re ob ser ved and 
the ho ri zon tal and ver ti cal (stem-calyx axis) di a me ters of the le si ons we re me-
a su red. Re i so la ti ons from the ino cu la ted fru its we re per for med on MEA using 
the sa me met hod as pre vi o usly de scri bed. The symptoms ex pres sed on the 
ar ti fi ci ally wo un ded fru its, co lony ap pe a ran ce and growth, and co ni di op ho re 
and spo re morp ho logy we re in spec ted to check the ful fil lment of Koch’s po-
stu la tes.

Da ta analysis

All ex pe ri ments we re per for med in three re pli ca tes per iso la te. Ba sic 
de scrip ti ve va lu es (ave ra ge and stan dard de vi a tion) we re com pu ted for each 
co lony, spo re, and le sion di a me ters. Cal cu la ti ons we re do ne in Mic ro soft Ex cel 
2007 (Mic ro soft Cor po ra tion, U.S.A.).

RE SULTS AND DI SCUS SION

Blue mold symptoms we re ob ser ved on col lec ted man da rin fru its. They 
in clu ded di sco lo red or so me ti mes brown tis sue on the fru it sur fa ce, con ca ve, 
cir cu lar, and wa tery spots. De cay was pre sent in dif fe rent sta ges – from small 
le si ons with no evi dent spo ru la tion to so me sam ples with whi te myce lia and 
blue-green spo ru la tion. Ten iso la tes we re re co ve red from sympto ma tic fru its 
(MP/1-MP/10), and two iso la tes (MP/4 and MP/5) we re cho sen for se qu en cing 
and phylo ge ne tic analysis.

Af ter 7 days of in cu ba tion at 25 °C, all iso la tes had ra di ally sul ca te co lo-
ni es on CYA and pla ne to mo de ra tely ra di ally sul ca te on MEA. Sul ca tion was 
al so pre sent on YES, varying from slight ra dial to the ra dial and con cen tric 
com bi ned. Cul tu res ma ni fe sted dif fe rent tex tu res on te sted me dia – vel vety to 
lo o sely floc co se on CYA and YES, fa sci cu la te on CREA, pla ne and we ak 
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fa sci cu la te on MEA and OAT. Re ver se, co lo ni es had light brown co lo ur with 
a brig hter mar gin (CYA), pa le yel low with a hint of gre e nish (MEA), greyish 
yel low (OAT), pur ple with a yel low mar gin (CREA), and cre am-yel low with 
brown cen ter (YES). Strong acid pro duc tion (chan ge of the me di um co lo ur 
from pur ple to yel low) fol lo wed by ba se pro duc tion was no ti ced on CREA. 
In ten si ve co ni di o ge ne sis was pre sent on all fi ve me dia, with blue-green spo res 
on CYA, MEA, and YES, green on CREA, and dull green on OAT. Iso la tes had 
whi te myce lia on all ino cu la ted me dia, pre sent as the mar gin of the cul tu re, 
broad on CYA (6‒7 mm width), mo de ra te on MEA, YES, and OAT (2–3 mm) 
and nar row on CREA (up to 1.5 mm). Cle ar exu da te dro plets we re no ti ced on 
CREA, YES, and OAT, whi le the re was no exu da te for ma tion on CYA and 
MEA.

All te sted iso la tes ma ni fe sted in ten si ve growth ac ross all fi ve te sted me-
dia, with YES be ing the most sti mu la ti ve me di um (58.63 mm). The myce lial 
de ve lop ment was the le ast in ten si ve on CREA (37 mm), and the ave ra ge growth 
di a me ters on the re ma i ning three me dia (CYA, OAT, and MEA) we re 41.88, 
40.38, and 40.25 mm, re spec ti vely (Fi gu re 1). The growth di a me ters and cul ture 
ap pe a ran ce agree with the da ta from the re le vant li te ra tu re so ur ces (Pitt, 1979; 
Fri svad and Sam son, 2004; Pitt and Hoc king, 2009; Vi sa gie, 2012; Vi co et al., 
2014).

Fi gu re 1. The ave ra ge co lony growth of P. ex pan sum iso la tes on fi ve dif fe rent me dia af ter 
7 days of in cu ba tion at 25°C. Ver ti cal er ror bars in di ca te the stan dard de vi a tion (SD).

Iso la tes’ cul ti va tion at dif fe rent tem pe ra tu res on CYA sho wed that the 
op ti mal (and in the sa me ti me ma xi mal) tem pe ra tu re for the ir de ve lop ment was 
25 °C (41.88 mm, Fi gu re 2). Of all te sted tem pe ra tu res, the smal lest ave ra ge 
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di a me ter was me a su red at 5 °C (18.46 mm). Fun gal growth was not re cor ded 
at 37 °C (Fi gu re 2).

The most re stric ti ve tem pe ra tu re for fun gal de ve lop ment was 37 °C and 
the most op ti mal was 25°C which is in agre e ment with pre vi o us da ta (Pitt, 1979; 
Fri svad and Sam son, 2004; Pitt and Hoc king, 2009; Vi sa gie, 2012; Vi co et al., 
2014). Growth was still pos si ble at the lo west te sted tem pe ra tu re (5 °C), but 
our va lu es we re clo ser to tho se re por ted by Vi co et al. (2014) (18.46 and 14.3–
17.6 mm, re spec ti vely) than to tho se no ted in Fri svad and Sam son (2004), Pitt 
and Hoc king (2009), and Vi sa gie (2012) (up to 5 mm, col lec ti vely). The ave ra ge 
growth di a me ter at 30 °C was in con cor dan ce with the da ta in the work by 
Vi sa gie (2012).

Fi gu re 2. The ave ra ge co lony growth of P. ex pan sum iso la tes on CYA at fi ve dif fe rent 
in cu ba tion tem pe ra tu res af ter 7 days. Ver ti cal er ror bars in di ca te the stan dard de vi a tion 

(SD). 

Mic ro sco pic ob ser va ti ons re ve a led that all analyzed iso la tes for med hyali ne, 
mostly ter ver ti cil la te co ni di op ho res, with usu ally smo oth sti pes and cylin dri cal 
phi a li des. Phi a li des had a short but dis tin cti ve neck. Co ni dia we re sub glo bo se 
or el lip so i dal, green and with smo oth walls, 2.5–3.8–5.25 µm × 2.5–3.52–5.00 µm 
(mi ni mum-ave ra ge-ma xi mum va lu es). Asco ma ta we re not for med, as ex pec ted 
(Sam son et al., 2010). The li sted mic ro morp ho lo gi cal cha rac te ri stics we re in 
agre e ment with pre vi o us fin dings (Pitt, 1979; Fri svad and Sam son, 2004; Pitt 
and Hoc king, 2009; Sam son et al., 2010; Vi co et al., 2014).

In the mo le cu lar analysis, ITS se qu en ces of the se lec ted Ser bian iso la tes 
of P. ex pan sum from man da rin fru it we re 100% iden ti cal to each ot her. BLAST 
analysis sho wed 100% si mi la rity with P. ex pan sum iso la tes NRRL 6069, 
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NRRL 35231, and NRRL 2304 (Gen Bank Ac ces sion num bers DQ339562, 
DQ339558, and DQ339556, re spec ti vely). The se qu en ces of Be nA of our P. 
ex pan sum iso la tes sha red a 99.75% si mi la rity bet we en each ot her (1 ba se pa ir 
dif fe ren ce). Nuc le o ti de iden tity of Ser bian P. ex pan sum and Gen Bank Be nA 
se qu en ces was in the ran ge of 99.75–100%. The most si mi lar Be nA se qu en ces 
from Gen Bank to ours we re the fol lo wing iso la tes of P. ex pan sum: YC-IK11 
sam pled from pe ar (Pyrus × bretschne i de ri) in Chi na (Acc. No. MK862430), 
iso la te CMV017H9 from ap ple in So uth Afri ca (MN031410), and iso la te DTO 
216-G4 from fo li ar tis sue of Pse dot su ga men zi e sii in USA (MF990777).

In fer ring phylo ge ne tic re la ti on ships star ted with mul ti ple se qu en ce align-
ments of ITS and Be nA se qu en ces which we re 452 nuc le o ti des (nt) and 387 nt 
long, re spec ti vely. ML phylo ge ne tic tree was con struc ted using the alig ned 
com bi ned da ta set (ITS+Be nA) which had a to tal length of 839 nt and it in clu ded 
26 se qu en ces from 9 ta xa (re pre sen ta ti ve iso la tes of 8 Pe ni cil li um spe ci es and 
A. ni ger as an out gro up). In a mul ti lo cus phylo geny, our iso la tes of P. ex pan sum 
(MP/4 and MP/5) clu ste red to get her with the ot her P. ex pan sum iso la tes with 
ma xi mum bo ot strap sup port (100%, Fi gu re 3). Sub cla des of P. ex pan sum and 
P. ita li cum for med a jo int cla de with a high con fi den ce le vel (94%).

Se qu en ces of the ITS re gion ha ve been used be fo re for re sol ving Pe ni ci
lli um phylo ge ni es (Ber bee et al., 1995; Sko u boe et al., 1999) and alt ho ugh this 
re gion is ac cep ted as the uni ver sal ge ne tic bar co de for all fun gi (Schoch et al., 
2012), its re so lu tion is li mi ted at the spe ci es le vel in Pe ni cil li um (Vi sa gie et al., 
2014). With all its di sa dvan ta ges in mind, Be nA is pr o po sed as the se con dary 
mo le cu lar mar ker, espe ci ally in ro u ti ne iden ti fi ca tion pro ce du res (Vi sa gie et 
al., 2014). We ap plied ITS and Be nA se qu en ces in this re se arch and re pre sen-
ta ti ve iso la tes we re iden ti fied as P. ex pan sum for both se qu en ced lo ci. In a 
sub se qu ent mul ti lo cus analysis, our se qu en ces of the P. ex pan sum we re clu-
ste red in the sa me cla de with ot her iso la tes of this spe ci es, the reby va li da ting 
the re sults of morp ho-physi o lo gi cal and mo le cu lar cha rac te ri za tion.

In a pat ho ge ni city test, iso la tes of P. ex pan sum re co ve red in this study 
in du ced de cay on he althy man da rin fru its af ter 7 days of in cu ba tion (Fi gu re 
4, A-D). The symptoms on wo un ded fru its we re qu i te si mi lar to tho se ob ser ved 
on na tu rally in fec ted man da rin fru its. The ave ra ge le sion di a me ter (± stan dard 
de vi a tion, SD) ran ged from 30±0 mm to 33.5±2.12 mm. Con trol fru its re ma i-
ned sympto mless. Fun gi re i so la ted from de cayed  fru its in the pat ho ge ni city 
test ex pres sed the sa me morp ho lo gi cal cha rac te ri stics as the ori gi nal iso la tes, 
thus con fir ming Koch’s po stu la tes.



Fi gu re 3. Phylo ge ne tic tree ba sed on com bi ned ITS and Be nA se qu en ces using the  
ma xi mum li ke li hood (ML) met hod for se lec ted Pe ni cil li um spe ci es. The iso la te of  

A. ni ger NRRL 326 was de sig na ted as an out gro up. The bo ot strap analysis in clu ded  
1,000 re pli ca tes and only bo ot strap va lu es >70% are dis played ne ar the cor re spon ding  
no des. The sca le re pre sents the num ber of sub sti tu ti ons per si te. Iso la tes in bold pre ce ded 

with black dots are from this study.
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Fi gu re 4. A) Pat ho ge ni city of P. ex pan sum in man da rin fru it; B) Cross-sec ti ons of  
the ino cu la ted fru its (left A and B – fru it ino cu la ted with the pat ho gen su spen sion,  

right A and B – con trol fru it); C) Clo se vi ew of the le sion. D) Clo se vi ew of  
the cross-sec tion of the di se a sed fru it.

P. di gi ta tum and P. ita li cum are con si de red among the most im por tant 
Pe ni cil li um post har vest pat ho gens of ci trus fru its, in clu ding man da rins (Jha le gar 
et al., 2015; Lo uw and Kor sten, 2015; Sa i to and Xi ao, 2017; Yang et al., 2019; 
Cheng et al., 2020). Ot her Pe ni cil li um spe ci es im por tant for the ci trus in du stry 
as the de cay agents are P. ula i en se, P. cru sto sum, P. ex pan sum, and P. di er ckxii 
Bi o ur ge 1923 (=P. fel lu na tum), but the da ta on P. di er ckxii is not con fir med 
(Lo uw and Kor sten, 2015).

In this study, P. ex pan sum was iso la ted from mol ded man da rin fru its. It 
was iden ti fied at the morp ho lo gi cal and mo le cu lar le vel and con fir med as the 
post har vest pat ho gen in sto red fru its of man da rin. Fin dings from this re se arch 
re por t for the first ti me P. ex pan sum as the ca u se of the man da rin fru it rot in 
Ser bia. 

The re are only two stu di es whe re P. ex pan sum was iso la ted from man-
da rin fru it. In re se arch by Liu et al. (2009), P. ex pan sum ori gi na ting from 
de cayed  man da rin fru it (cv. Ci trus un shiu Mar cov) was used to test the im pact 
of the qu o rum-sen sing mo le cu le, far ne sol, on in du cing morp ho ge ne tic chan ges 
in this fun gal pat ho gen. The iso la te was iden ti fied using morp ho lo gi cal and 
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mo le cu lar met hods (se qu en cing of the ITS re gion). Ho we ver, the pat ho ge ni city 
of the ac qu i red iso la te was not te sted sin ce that was not the aim of the study. 
Last year, Mo o sa and co-aut hors (2019) iso la ted and con fir med P. ex pan sum 
as the pat ho gen of the sto red man da rin fru it (Ci trus re ti cu la ta, cv. ‘Kin now’) 
in Pa ki stan. Using morp ho lo gi cal met hods and ITS se qu en cing (pri mers ITS1/
ITS4), they iden ti fied the iso la ted fun gus as P. ex pan sum.

This spe ci es was re cor ded as ca pa ble of pro du cing de cay in ot her mem-
bers of ci trus fru its. The pat ho ge nic po ten tial of P. ex pan sum was de tec ted in 
gra pe fru it, le mon, and oran ge fru it in the work by Ma ca ra sin et al. (2007). The 
le sion for ma tion oc cur red, but it was ar ti fi ci ally sti mu la ted by the ad di tion of 
ci tric, ascor bic, and oxa lic acids and enzyme ca ta la se be fo re the ino cu la tion 
of P. ex pan sum. Vi la no va et al. (2012) stu died com pa ti ble (P. di gi ta tum) and 
in com pa ti ble (P. ex pan sum) oran ge fru it‒pat ho gen in ter ac ti ons. The re sults of 
the ir study sho wed that P. ex pan sum can be pat ho ge nic in two va ri e ti es of 
oran ge fru its (Ci trus si nen sis). The rot de ve lop ment ca u sed by P. ex pan sum 
was de pen dent on the fru it ma tu rity, sto ra ge tem pe ra tu re, and the ino cu lum 
con cen tra tion. De cay was pos si ble in ma tu re and over-ma tu red fru it, hig her at 
the lo wer sto ra ge tem pe ra tu re (4 °C) and with ino cu lum con cen tra tion of 106 
and 107 spo res/ml. In the re se arch of Lo uw and Kor sten (2015), P. ex pan sum 
was able to pro du ce de cay in two man da rin cul ti vars (Nu les Cle men ti ne and 
Owa ri Sat su ma). The pat ho ge nic iso la te was not sam pled from ci trus fru it, but 
it ori gi na ted from a ci trus ex port chain, mo re spe ci fi cally from a wall of di-
stri bu ter/re pack fa ci lity. It is im por tant to po int out that this iso la te was re in-
tro du ced in to ap ples and iso la ted from the pro du ced le si ons.

P. ex pan sum is usu ally re gar ded in the li te ra tu re as the spo i la ge agent of 
po ma ce o us fru its (ap ples, pe ars, qu in ces) (Pitt, 1979; Snow don, 1990; Fri svad 
and Sam son, 2004; Pi an zzo la et al., 2004; Ami ri and Bom pe ix, 2005; Pitt and 
Hoc king, 2009; Lo uw et al., 2014). Wor ldwi de di stri bu tion, the oc cur ren ce on 
a very wi de va ri ety of li ving plant tis su es, and the abi lity to ca u se se ve re de cay 
in va ri o us fru its and ve ge ta bles in di ca te that P. ex pan sum is a broad-spec trum 
pat ho gen (Pitt, 1979; Pitt and Hoc king, 2009; Ne ri et al., 2010; Sam son et al., 
2010; Vi la no va et al., 2012). The re sults from our study and ot her stu di es with 
ci trus hosts are con gru ent with the last sta te ment.

Furt her mo re, be si de ca u sing de cay on man da rin and ot her fru its, it is 
im por tant to no te that P. ex pan sum is a con si stent pro du cer of myco to xin pa-
tu lin (An der sen et al., 2004). Con sump tion of pa tu lin con ta mi na ted pro ducts 
can lead to im mu no lo gi cal, ne u ro lo gi cal, and ga stro in te sti nal he alth di sor ders 
(Puel et al., 2010). The re fo re, the ma xi mal al lo wed con cen tra tion of pa tu lin in 
ap ples and ap ple pro ducts is li mi ted to 0.4 mg/kg of body we ight per day by 
the FAO-WHO Ex pert Com mit tee (Ben nett and Klich, 2003). Be si des pa tu lin, 
P. ex pan sum is de sig na ted as the pos si ble pro du cer of ot her se con dary me ta-
bo li tes which al so can com pro mi se hu man he alth: ci tri nin, cha e to glo bo sins, 
com mu ne sins, ro qu e for ti ne C, and ex pan so li des A and B (An der sen et al., 
2004). 
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CON CLU SION

Se ve ral Pe ni cil li um spp. spe ci es can ca u se de cay on man da rin fru its. In 
this re se arch, iso la tes of P. ex pan sum from man da rin fru its we re morp ho lo gi-
cally iden ti fied and the re sults we re con fir med using PCR, se qu en cing, and 
phylo ge ne tic analysis of the two lo ci: ITS and Be nA. The ob ta i ned iso la tes 
ca u sed rot in the ar ti fi ci ally ino cu la ted man da rin fru its in pat ho ge ni city as say. 
To the best of our know led ge, this is the first re port of P. ex pan sum as the de-
cay agent of sto red man da rin fru its in Ser bia, and one of the few in the rest of 
the world. The fin dings of this study co uld pro vi de a ba sis for fu tu re ef fi ci ent 
pro tec tion me a su res of the sto red man da rin fru its in Ser bia.
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ТРУ ЛЕЖ ПЛО ДО ВА МАН ДА РИ НЕ СКЛА ДИ ШТЕ НЕ У СР БИ ЈИ  
ПРО У ЗРО КО ВА НА ВР СТОМ Pe ni cil li um ex pan sum

Сте фан С. СТО ШИЋ, Да ни је ла Т. РИ СТИЋ, Све тла на Т. ЖИВ КО ВИЋ

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

РЕ ЗИ МЕ: Ман да ри на је јед на од нај тра же ни јих воћ них вр ста из ро да Ci trus. 
Кон зу ми ра се због сво јих ну три тив них и здрав стве них до бро би ти, као и због 
при јат ног ми ри са и уку са. У овом ра ду опи са на је иден ти фи ка ци ја и ка рак те ри-
за ци ја вр сте Pe ni cil li um ex pan sum, изо ло ва не са пле сњи вих пло до ва ман да ри не 
у Ср би ји. При ку пље ни изо ла ти су га је ни на пет ми кро би о ло шких под ло га [Чапе-
ковa ау то ли зат на под ло га са до дат ком ква сца (CYA), слад ни агар (MEA), кре а тин 
са ха ро зна под ло га (CREA), агар са ква шче вим екс трак том и са ха ро зом (YES) и 
под ло га од ов се ног бра шна (OA)], као и на пет раз ли чи тих тем пе ра ту ра (5, 15, 25, 
30, 37 °C). До би је ни изо ла ти су се квен ци ра ни на два мо ле ку лар на мар ке ра (ин тер ни 
тран скри бо ва ни ре ги он и бе та-ту бу лин). Ре зул та ти мор фо ло шких, фи зио ло шких, 
мо ле ку лар них и фи ло ге не тич ких ана ли за ука зу ју да до би је ни изо ла ти при па да ју 
вр сти P. ex pan sum. Изо ло ва на вр ста је по твр ђе на као па то ген пло до ва ман да ри не. 
Пре ма на шим са зна њи ма, ово је пр ви на лаз P. ex pan sum као скла ди шног па то ге на 
на пло до ви ма ман да ри не у Ср би ји.

КЉУЧ НЕ РЕ ЧИ: иден ти фи ка ци ја, мор фо ло шка ана ли за, мо ле ку лар на ка-
рак те ри за ци ја, па то ге ност, Ci trus re ti cu la ta
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OC CUR REN CE OF Bo tryococ cus ter ri bi lis  
Komárek & Mar van IN A SMALL SAND PIT LA KE  

– THE FIRST RE PORT FROM SER BIA

AB STRACT: Al ka li ne sa li ne ponds and la kes are ha bi tats with uni que bi o di ver sity. 
The green al ga of the ge nus Bo tryococ cus was ac ci den tally di sco ve red du ring a mic ro-al gal 
sur vey of the se ha bi tats in Ser bia. Spe ci es B. ter ri bi lis was fo und and iden ti fied for the first 
ti me in Ser bia in the small sand pit la ke of the Ru san da Na tu re Park. The first sam pling was 
in com ple te due to the unk nown ori gin of the oran ge-red sur fa ce scum. Af ter the iden tity of 
the spe ci es had been con fir med, three ad di ti o nal sam plings we re con duc ted ai ming to col lect 
phyto plank ton and wa ter sam ples for physi cal and che mi cal analyses. Ma jor ani ons and 
ca ti ons we re analysed in or der to cha rac te ri ze the che mi cal type of sand pit la ke, as well as 
nu tri ent con tent. Sand pit la ke is an al ka li ne wa ter body that be longs to so di um bi car bo na te 
che mi cal type. Morp ho me tric analysis of B. ter ri bi lis was per for med using light and tran-
smis sion elec tron mic ro scopy. B. ter ri bi lis was fo und to be nu me ro us in the phyto plank ton 
com mu nity in la te au tumn and win ter. Spe ci es from the ge nus Bo tryococ cus are known as a 
rich so ur ce of dif fe rent li pids and this di sco very can be the first step in the furt her bi o tec hno-
lo gi cal ap pli ca tion of this spe ci es in su sta i na ble bi o fuel pro duc tion.
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IN TRO DUC TION

Al gae from the ge nus Bo tryococ cus (Tre bo u xi ophyce ae, Chlo rophyta) 
are an in te re sting gro up of or ga nisms in terms of the ir eco logy, physi o logy and 
the ir ap pli ca tion in bi o tec hno logy. Be si de cyano bac te ria, the re are not so many 
pho tosynthe tic mic ro or ga nisms which can do mi na te or blo om in hyper trop hic 
la kes and Bo tryococ cus spe ci es are one of them (Jep pe sen et al., 2007). Mo re -
over, cells of the ir co lo ni es are sur ro un ded by mu ci la ge con ta i ning nu me ro us 
oil glo bu les (John et al., 2011). Due to the high con tent of dif fe rent hydro car-
bons so me spe ci es of the ge nus ha ve the po ten tial for use in bi o tec hno logy (Rai 
et al., 2007) and su sta i na ble bi o fuel pro duc tion.

Clas si fi ca tion of Bo tryococ cus ta xa in to se ve ral spe ci es or sub-spe ci es is 
still un der de ba te (Met zger and Lar ge au, 2005). Komárek and Mar van (1992) 
analysed morp ho lo gi cal va ri a bi lity of 47 po pu la ti ons, de fi ned fi ve new spe ci es 
(B. com pe rei, B. au stra lis, B. fer nan doi, B. ter ri bi lis and B. pi la), and pro po sed 
a key for de ter mi na tion of 13 morp ho lo gi cal types with the sta tus of spe ci es. 
On the ot her hand, so me aut hors in the ir stu di es ha ve con ti nued to re fer to a 
sin gle spe ci es, B. bra u nii Kützing, but the re is mo le cu lar evi den ce ba sed on 
the nuc le ar 18S rD NA that dif fe rent B. bra u nii stra ins pro bably be long to more 
than one spe ci es (Se no usy et al., 2004). In ad di tion, the re we re so me do ubts 
abo ut the ta xo no mic po si tion of Bo tryococ cus ta xa, but no wa days it is ge ne-
rally ac cep ted that B. bra u nii be longs to class Tre bo u xi ophyce ae, Chlo rophyta 
(Se no usy et al., 2004).

Bo tryococ cus spe ci es oc cur in va ri o us aqu a tic ha bi tats from ponds, oli go-
trop hic and me so trop hic la kes to re ser vo irs with hig her elec trolyte con tent. 
They are ge ne rally euryha li ne, to le ra ting sa li ni ti es ran ging from fresh, brac kish 
to sa li ne wa ter (Ham mer, 1986; John et al., 2011). In ad di tion, the re are stra ins that 
are euryther mal, such as two B. bra u nii stra ins (BOD-NG17 and BOD-GJ2) 
that can sur vi ve tem pe ra tu res bet we en -20 °C and 40 °C, and to le ra te de sic-
ca tion for over six months (De mu ra et al., 2014). Ex pe ri ments with spe ci es 
Bo tryococ cus pro tu be rans West & G. S. West re ve a led that this or ga nism can 
to le ra te pH le vels ran ging from 7.0 to 9.5, with an op ti mum at abo ut 8.5 (Rai 
et al., 2007). In spi te of its slow growth ra te, so me Bo tryococ cus spe ci es can 
form a den se blo om in sub tro pi cal and tro pi cal re gi ons (Shi ma mu ra et al., 2012; 
Jan se van Vu u ren and Le va nets, 2019) or form bent hic mats in shal low salt 
la kes (Ham mer, 1986). The red and green blo oms of B. bra u nii are re por ted 
in Au stra lian fres hwa ter la kes (Wa ke and Hil len, 1981). In so me wa ter bo di es, 
such as Dar win Ri ver Re ser vo ir in Au stra lia Tow nsend (2001) re cor ded per-
si stent do mi nan ce of B. bra u nii as a re sult of sta ble physi cal con di ti ons. Du ring 
the mas si ve de ve lop ment, it is not ra re to see co lo ni es of Bo tryococ cus flo a ting 
on the sur fa ce and for ming co lo u red scum. The hig her den sity of this plank tic 
mic ro al ga is usu ally as so ci a ted with lo wer di ver sity of phyto plank ton, zo o-
plank ton and even fish com mu nity. It is pos si ble that so me Bo tryococ cus ta xa, 
such as stra ins of B. bra u nii, pro du ce dif fe rent ex tra cel lu lar fatty acids with 
al le lo pat hic ef fects on ot her or ga nisms (Chi ang et al., 2004).
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The Bo tryococ cus ta xa are known as a gro up of al gae that ha ve an abi lity 
to pro du ce and ac cu mu la te dif fe rent hydro car bon mo le cu les and even so me of 
tho se mo le cu les, such as bo tryococ ce nes, are na med af ter them (Met zger and 
Lar ge au, 2005). Mo re o ver, wit hin the sa me spe ci es, the re can be se ve ral che-
mi cal ra ces. For in stan ce, dif fe rent B. bra u nii stra ins can be di vi ded in to three 
che mi cal ra ces, cal led A, B and L (Met zger and Lar ge au, 2005). Sin ce so me 
Bo tryococ cus cells can ha ve a very high per cen ta ge of oil-re la ted mo le cu les 
(up to 75% of the dry we ight), the se mic ro al gae can be used as a po tent fe ed stock 
for re ne wa ble li qu id fuel pro duc tion (De mu ra et al., 2014). In te re stingly, spe-
ci es B. su de ti cus Lem mer mann is able to pro du ce and ac cu mu la te li pids with 
oil com po si tion that is si mi lar to the con tent of oli ve oil (Se no usy et al., 2004).

Di stri bu tion of co lony-for ming plank tic al gae of the ge nus Bo tryococ cus 
is most li kely co smo po li tan (Komárek and Mar van, 1992; John et al., 2011). 
For in stan ce, B. ter ri bi lis Komárek & Mar van is ob ser ved in slightly al ka li ne 
wa ters in tem pe ra te and tro pi cal re gi ons. The spe ci es was fo und in so ut hern 
Swe den, Czec ho slo va kia, Au stria, so ut hern Spain, Chad and Cu ba (Komárek 
and Mar van, 1992; Fanés Treviño et al., 2009). In Ser bia, Bo tryococ cus spe-
ci es ha ve been fo und in the nort hern part of the co un try, in the Voj vo di na 
pro vin ce (Mi lo va no vić and Živ ko vić, 1953; Sze mes, 1967; Gu el mi no, 1973; 
Se le ši, 1981, 1982; Obuš ko vić, 1982; Đu kić et al., 1991a, 1991b; Ma le tin et al., 
1994; Pu jin et al., 1996; Pu jin, 1998; Tr bo je vić, 2018). Most fin dings are re la ted 
to spe ci es B. bra u nii that was re cor ded in la kes and re ser vo irs (Sa va La ke, 
La ke Pa lić, La ke Lu daš, and Bor ko vac re ser vo ir), in ri vers and chan nels (Da-
nu be Ri ver, Ti sa Ri ver, Je grič ka, Mo ston ga, and Baj ski chan nel), and dif fe rent 
ponds that are a part of Eč ka fis hpond system. It is in te re sting that Obuš ko vić 
(1982) re por ted sum mer ma xi ma of B. bra u nii in July and Au gust in Sa va La ke. 
Fi nally, in Ti sa Ri ver be si des B. bra u nii Gu el mi no (1973) ob ser ved one mo re 
spe ci es of this ge nus, B. mic ro mo rus W. West & G. S. West.

The main aims of this study we re: (1) to de scri be the green al ga that was 
fo und and iden ti fied for the first ti me in Ser bia in the small sand pit la ke and 
(2) to analyse the re la ti on ship bet we en the che mi cal com po si tion of the wa ter 
and the oc cur ren ce of the re cor ded Bo tryococ cus spe ci es. The morp ho lo gi cal 
and eco lo gi cal cha rac te ri sa tion of this mic ro-or ga nism sho uld be the first step 
in the re a li sa tion of its bi o tec hno lo gi cal po ten tial in our co un try.

MA TE RIAL AND MET HODS

De scrip tion of the study si te

Wa ter and plank ton sam pling as well as in si tu me a su re ments of physi cal 
and physi co-che mi cal pa ra me ters we re con duc ted on the sho re of the sand pit 
la ke known as Pe ska ra (N45°31̓ 06” E20°17ʼ54”). This wa ter body is lo ca ted in 
the pro tec ted zo ne of the Ru san da Na tu re Park, bet we en two la kes – La ke Ve lika 
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Ru san da and La ke Ma la Ru san da (Fi gu re 1). De scrip tion of the sand pit la ke 
ori gin is gi ven in the do cu ment pu blis hed by the In sti tu te for Na tu re Con ser-
va tion of the Voj vo di na Pro vin ce (2011). Sin ce the da ta on the sand pit la ke 
morp ho me try we re not ava i la ble, we con duc ted me a su re ments of depth at 
se ve ral si tes along two axes in si de the la ke (Fi gu re 1). The de e per part of the 
la ke (Sec tor II) is 205 m long, ap pro xi ma tely 107 m wi de, with the ma xi mum 
and ave ra ge depth of 6.6 m and 4.4 m re spec ti vely.

Physi cal and physi co-che mi cal pa ra me ters

Se ve ral wa ter qu a lity pa ra me ters we re me a su red in si tu: wa ter tem pe ra-
tu re (T), pH, con duc ti vity (COND), and dis sol ved oxygen (DO). T, pH, and 
COND we re mo ni to red using Wa ter Mul ti me ter 18.52.01 (Eij kel kamp Agri se-
arch Equ ip ment, Gi es be ek, Net her lands) and DO was me a su red with DO me ter 
HI9147 (Han na In stru ments, Wo on soc ket, USA). Sam ples for che mi cal analy-
ses of dif fe rent ca ti ons and ani ons we re col lec ted with two 0.5-L pla stic bot tles. 
The con cen tra ti ons of dif fe rent me tals (Na+, K+, Ca2+ and Mg2+) we re de ter mi-
ned by in duc ti vely co u pled pla sma op ti cal emis sion spec tro me try (ICP-OES) 
using Ther mo Sci en ti fic iCAP 6500 Duo ICP (Ther mo Fis her Sci en ti fic, Cam-
brid ge, UK) ac cor ding to the pro ce du re de scri bed in Vi da ko vić et al. (2019). 
The wa ter NH4

+ con tent was me a su red using 930 Com pact IC Flex ion chro-
ma to graph (Me trohm, He ri sau, Swit zer land) fol lo wing SRPS EN ISO 
14911:2009. The de ter mi na tion of NO2

-, NO3
- and PO4

3- was do ne using the 
sa me ion chro ma to graph ac cor ding to U.S. EPA (1997). The to tal phosp ho rus 
(TP) con cen tra tion was me a su red with UV/Vis spec trop ho to me ter Spe cord 50 
(Analytic Je na, Je na, Ger many) fol lo wing SRPS EN ISO 6878:2008. The cal-
cu la tion of CO3

2- and HCO3
- was ba sed on p– and m–al ka li nity that was de-

ter mi ned by the ti tra tion met hod (AP HA, AW WA & WPCF 1995a). Cl- con tent 
was de ter mi ned by the ar gen to me tric met hod fol lo wing AP HA, AW WA & 
WPCF (1995b). Fi nally, the de ter mi na tion of SO4

2- con cen tra tion was do ne 
using the gra vi me tric met hod with the ig ni tion of re si due ac cor ding to AP HA, 
AW WA & WPCF (1995c). 

Sam pling and iden ti fi ca tion of Bo tryococ cus ter ri bi lis

For the pur po se of al ga iden ti fi ca tion, a 10-L wa ter sam ple was ta ken and 
fil te red thro ugh a plank ton net (mesh si ze of 25 μm, HYDRO-BI OS Ap pa ra-
te bau GmbH, Al ten holz, Ger many). Iden ti fi ca tion of B. ter ri bi lis was do ne 
using Le i ca DM750 mic ro sco pe (Le i ca Mic rosystems) with ob jec ti ve HI PLAN 
40/0.65 (at 40× mag ni fi ca tion) ac cor ding to the fol lo wing li te ra tu re: John et al. 
(2011) and Komárek and Mar van (1992). Mic rop ho to graphs of B. ter ri bi lis 
we re ma de using Ze iss Axi o i ma ger.M1 mic ro sco pe with Axi o Vi si on 4.9 soft-
wa re at 400× mag ni fi ca tion.
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Co un ting of B. ter ri bi lis co lo ni es was per for med ac cor ding to Utermöhl 
(1958). Firstly, 10 mL sub sam ple was ta ken from 0.5-L un fil te red wa ter sam ple 
and left in the HYDRO-BI OS se di men ta tion cham ber for 48 ho urs. Cal cu la tion 
of B. ter ri bi lis abun dan ce was do ne af ter co un ting its co lo ni es using the in ver-
ted mic ro sco pe IN VE 500T (CO LO Lab Ex perts, No vo Me sto, Slo ve nia) with 
ob jec ti ves 20× and 40×. The abun dan ce of B. ter ri bi lis was ex pres sed as a 
num ber of co lo ni es per ml.

Al gal cells pre pa ra tion for tran smis sion  
elec tron mic ro scopy

The li qu id al gal sam ple was fi xed in 5% glu ta ral dehyde, rin sed to ughly 
with phosp ha te buf fer, em bed ded in agar and post fi xed in osmi um te tro xi de 
in the sa me buf fer for 2h. Af ter wards, sam ples we re dehydra ted thro ugh et ha-
nol (30–100%) and ro u ti nely em bed ded in Aral di te. Ul trat hin sec ti ons (100 nm 
thic kness) we re ob ta i ned using a Le i ca UC6 ul tra mic ro to me (Le i ca Mic-
rosystems, Ger many), mo un ted on cop per grids, con tra sted in uranyl ace ta te 
and lead ci tra te using Le i ca EM STAIN (Le i ca Mic rosystems), and exa mi ned 
on a Phi lips CM12 tran smis sion elec tron mic ro sco pe (Phi lips/FEI , Eind ho ven, 
The Net her lands) equ ip ped with the di gi tal ca me ra SIS Me ga Vi ew III (Olym-
pus Soft Ima ging So lu ti ons, Münster, Ger many).

RE SULTS

Physi cal and che mi cal analysis of wa ter

The sand pit la ke “Pe ska ra” is sub sa li ne (ac cor ding to clas si fi ca tion gi ven 
by Ham mer, 1986) and al ka li ne pond fil led with wa ter that can be clas si fied 
in to so di um bi car bo na te che mi cal type. The first sam pling, when only a few 
wa ter qu a lity pa ra me ters we re de ter mi ned, was con duc ted in Oc to ber 2019 
when the tem pe ra tu re was hig her (17 °C) (Ta ble 1). A mo re de ta i led wa ter 
analysis con duc ted in De cem ber 2019, and May and July 2020 re ve a led that 
among ca ti ons and ani ons so di um and bi car bo na te we re do mi nant, re spec ti vely. 
In all sam ples, pH va lu es we re high in di ca ting al ka li ne con di ti ons. When it 
co mes to the nu tri ent con tent, all ni tro gen com po unds (NH4

+, NO2
-, NO3

-) and 
PO4

3- we re un der the de tec tion li mit. TP le vel in di ca ted me so trop hic con di ti ons 
ac cor ding to OECD (1982). 
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Ta ble 1. Physi cal and che mi cal cha rac te ri stics of wa ter in the small sand pit la ke “Pe ska ra” 
du ring the sam pling in 2019 and 2020 (TRANS Transmission; T Water temperature; 
COND Conductivity; DO Dissolved oxygen; TP Total phosphorus)

Pa ra me te r U ni t Oc to ber
2019

De cem ber 
2019

May
2020

July
2020

TRANS m – – 0.85 0.89

T  °C 17.0 6.7 20.9 25.1

pH 8.95 8.99 8.97 9.06

COND µS/cm 1860 1895 1947 1952

DO mg/L 12.2 16.8 9.1 10.5

Na+ mg/L – 173.30 428.3 –

K+ mg/L – 3.76 8.60 –

Ca2+ mg/L – 5.58 13.75 –

Mg2+ mg/L – 17.09 32.52 –

NH4
+ mg/L – <0.05 <0.05 –

NO2
- mg/L – <0.02 <0.02 –

NO3
- mg/L – <0.5 <0.5 –

PO4
3- mg P/L – <0.02 <0.02 –

TP mg P/L – 0.027 0.024 –

CO3
2- mg/L – 118.2 174.0 –

HCO3
- mg/L – 723.5 750.3 –

Cl- mg/L – 99.1 102.0 –

SO4
2- mg/L – 60.0 70.6 –

Morp ho me tric analysis and abun dan ce  
of B. ter ri bi lis

The young co lo ni es we re mo re or less sphe ri cal. Ol der ones, with an ir-
re gu larly ovoid sha pe, we re 17.5–115.0 µm long and 17.5–77.5 µm wi de (n=30), 
and com po sed of se ve ral sub-co lo ni es that are jo i ned with short mu ci la gi no us 
con nec ti ons. Cells we re com ple tely em bed ded wit hin the wrin kled mu ci la ge 
with nu me ro us oil dro plets that hel ped a co lony to flo at (Fi gu re 2. A, B).

The mu ci la ge was in di stinctly layered, yel low or oran ge, with short and 
sim ple ge la ti no us pro ces ses on its mar gin. Cells had obo void sha pe and we re 
usu ally ra di ally ori en ted (Fi gu re 2. C). Cells we re 5.5–8.0 µm long and 3.5–5.0 
µm wi de (n=15). The abun dan ce of B. ter ri bi lis in De cem ber 2019, May 2020 
and July 2020 was 132, 45, and 20 co lo ni es per ml, re spec ti vely.
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Fi gu re 2. Mic rop ho to graphs of B. ter ri bi lis: A Light mic ro scopy of co lony col lec ted  
in July 2020, bran ched ge la ti no us pro ces ses at the pe rip hery (black ar row); B, C Trans-

mis sion elec tron mic ro scopy (TEM) of co lo ni es col lec ted in July 2020. B sho wing  
co lony in cross sec tion with cells com ple tely em bed ded wit hin the wrin kled mu ci la ge 

(whi te ar row); C cells in lon gi tu di nal sec tion with li pid bo di es (aste risk)

DI SCUS SION

The spe ci es that we fo und du ring our long-term al gal sur vey of salt al ka-
li ne ponds in the Voj vo di na Pro vin ce, had dif fe rent morp ho lo gi cal and eco lo-
gi cal fe a tu res than B. bra u nii. The co lo ni es fo und in the sand pit la ke Pe ska ra 
ap pe ar to be long to spe ci es B. ter ri bi lis sin ce the cup-sha ped, mu ci la gi no us she ath 
aro und cells, a cha rac te ri stic of B. bra u nii, was ab sent and cells we re com ple tely 
hid den wit hin ex tra cel lu lar ma trix. In the ir study of eight B. ter ri bi lis stra ins 
iso la ted from fres hwa ters of Ro ma nia, He gedűs et al. (2015) al so no ti ced co lo ni es 
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com po sed of tight sub co lo ni es with cells com ple tely or par ti ally em bed ded in 
the hydro car bon ma trix. Mo re o ver, in our study short, bran ched mu ci la gi no us 
pro ces ses we re ob ser ved on the co lony mar gin. B. ne glec tus is anot her spe ci-
es that forms si mi lar ge la ti no us pro ces ses at the pe rip hery, but com pa red to B. 
ter ri bi lis it has smal ler co lo ni es and cells (Komárek and Mar van, 1992; De 
Qu e i roz Men des et al., 2012). Fi nally, che mi cal analysis of wa ter in Pe ska ra 
re ve a led the exi sten ce of al ka li ne con di ti ons that are fa vo u ra ble for the de ve-
lop ment of B. ter ri bi lis. It is pos si ble that the spe ci es of the ge nus Bo tryococ
cus fo und ear li er in so me al ka li ne la kes in Ser bia and de sig na ted as B. bra u nii 
was, in fact, B. ter ri bi lis. The re fo re, only a com pa ra ti ve analysis ba sed on 
mo le cu lar and ul tra struc tu ral evi den ce of stra ins iso la ted from dif fe rent la kes 
in Ser bia can gi ve an unam bi gu o us an swer to this qu e sti on. 

In the co ur se of our study, we re gu larly re por ted the pre sen ce of B. ter ri
bi lis in the sand pit la ke Pe ska ra. In Oc to ber 2019, B. ter ri bi lis for med an oran-
ge-red sur fa ce scum, but la ter, espe ci ally in sum mer 2020, the num ber of co-
lo ni es dec re a sed. It is known that buoyant co lo ni es of Bo tryococ cus may stay 
in the wa ter co lumn long af ter the ma xi mum growth pe riod and even be abun-
dant un der con di ti ons which are no lon ger op ti mal for them (Tyson, 1995). 
Thus, it is pos si ble that Bo tryococ cus blo om was an ac ci den tal event, not so 
fre qu ent in this la ke. 

A re cent study fo cu sed on hydro car bon bi osynthe sis in B. ter ri bi lis strain 
col lec ted in adja cent Ro ma nia re ve a led that this ta xon has si mi lar pro per ti es 
as the most ex ten si vely stu died B. bra u nii (Szöke-Nagy et al., 2020). Sin ce our 
fin ding of B. ter ri bi lis is the first re port of this al ga in Ser bia, furt her work 
sho uld be fo cu sed on the iso la tion of B. ter ri bi lis strain from the sand pit la ke 
“Pe ska ra” and cha rac te ri sa tion of its li pid mo le cu les.

CON CLU SION

The green al ga B. ter ri bi lis was di sco ve red and iden ti fied for the first 
ti me in Ser bia in the small sand pit la ke in the Ru san da Na tu re Park. Its eco logy 
and po ten tial ap pli ca tion in bi o tec hno logy is still in suf fi ci ently known and 
sho uld be furt her in ve sti ga ted. 
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ПО ЈА ВА АЛ ГЕ Bo tryococ cus ter ri bi lis Komárek & Mar van  
У ПЕ СКА РИ – ПР ВИ НА ЛАЗ ЗА СР БИ ЈУ

Ми лош ЋИ РИЋ1, Је ле на КРИ ЗМА НИЋ2, Би ља на П. ДОЈ ЧИ НО ВИЋ1, 
Бо јан ГА ВРИ ЛО ВИЋ3, Да ли бор М. МА РИН КО ВИЋ1

1 Уни вер зи тет у Бе о гра ду, Ин сти тут за хе ми ју, тех но ло ги ју и ме та лур ги ју, 
Ин сти тут од националног значаја за Ре пу бли ку Ср би ју,

Ње го ше ва 12, Бе о град 11000, Ср би ја
2 Уни вер зи тет у Бе о гра ду, Би о ло шки фа кул тет, 

Ин сти тут за бо та ни ку и бо та нич ка ба шта „Је вре мо вац”,
Та ков ска 43, Бе о град 11000, Ср би ја

3 Срп ска ака де ми ја на у ка и умет но сти, 
Ге о граф ски ин сти тут „Јо ван Цви јић”, 

Де парт ман за фи зич ку ге о гра фи ју,
Ђу ре Јак ши ћа 9, Бе о град 11000, Ср би ја

РЕ ЗИ МЕ: Ал кал не сла не ба ре и је зе ра су ста ни шта са је дин стве ним би о ди-
вер зи те том. Зе ле на ал га из ро да Bo tryococ cus је слу чај но от кри ве на то ком ал го-
ло шких ис тра жи ва ња ових ста ни шта у Ср би ји. Вр ста B. te r ri bi lis је про на ђе на и 
по пр ви пут иден ти фи ко ва на у Ср би ји у Пе ска ри у Пар ку при ро де „Ру сан да”. Пр во 
узор ко ва ње то ком ко га је на по вр ши ни во де за бе ле же на на ран џа сто-цр ве на скра-
ма не по зна тог по ре кла би ло је не пот пу но. На кон што је вр ста иден ти фи ко ва на 
спро ве де на су још три до дат на узор ко ва ња с ци љем са ку пља ња фи то планк то на 
и во де за фи зич ко-хе миј ске ана ли зе. Ана ли зи ра ни су до ми нант ни ан јо ни и ка тјо ни 
ка ко би се утвр дио хе миј ски тип во де у Пе ска ри, али и са др жај ну три је на та. 
Утвр ђе но је да је во да у Пе ска ри ал кал на и да при па да на три јум-би кар бо нат ном 
хе миј ском ти пу. Мор фо ме триј ска ана ли за B. ter ri bi lis је из ве де на све тло сном и 
тран с ми си о но-елек трон ском ми кро ско пи јом. B. ter ri bi lis је био на ро чи то бро јан у 
фи то планк тон ској за јед ни ци то ком ка сне је се ни и и то ку зи ме. Вр сте ро да Bo tryo
coc cus су по зна те као бо га ти из во ри раз ли чи тих ли пи да, па ово от кри ће мо же 
би ти пр ви ко рак у при ме ни ове вр сте у одр жи вој про из вод њи би о го ри ва.

КЉУЧ НЕ РЕ ЧИ: Пе ска ра, Bo tryococ cus ter ri bi lis, фи то планк тон
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1 In sti tu te of Fi eld and Ve ge ta ble Crops, Seed Te sting La bo ra tory,
Mak si ma Gor kog 30, No vi Sad 21000, Ser bia
2 Uni ver sity of Bel gra de, Fa culty of Agri cul tu re,  
De part ment for Agroc he mi stry and Plant Physi o logy, 
Ne ma nji na 6, Bel gra de-Ze mun 11080, Ser bia

EF FECTS OF DRO UGHT STRESS ON GER MI NA TION  
AND SE E DLING GROWTH OF DIFFERENT FI ELD PEA  

VARIETIES

AB STRACT: Ger mi na tion and se e dling growth of se ven ge notype s of fi eld pea (Pi sum 
sa ti vum L.) we re stu died in PEG-6000 so lu tion ha ving osmo tic po ten ti als -0.1 and -0.2 MPa. 
A study was un der ta ken to eva lu a te the in flu en ce of dif fe rent osmo tic po ten ti als (MPa) on 
seed ger mi na tion per cen ta ge (GP) and mean ger mi na tion ti me (MGT). Re sults show that 
the per cen ta ge of ger mi na tion dec re a sed with a dec re a se in osmo tic po ten tial, whi le mean 
ger mi na tion ti me in cre a sed. Va ri ety Ja vor is much mo re sen si ti ve than the ot her va ri e ti es at 
all le vels of osmo tic stress. By con trast, the lo west sen si ti vity of ger mi na tion and MGT was 
fo und in va ri e ti es Mraz and Tre zor. Seed ger mi na tion tests at -0.1 to -0.2 MPa ha ve the po-
ten tial to be used as tests in fi eld pea. Osmo tic stress ex po su re and its du ra tion sig ni fi cantly 
af fec ted the growth of se e dlings (sho ot and ro ot) and the ac cu mu la tion of bi o mass, whi le its 
ef fect was mo re pro mi nent on the growth of the sho ot than on ro ot growth, which was al so 
con fir med by the ro ot to le ran ce in dex.

KEYWORDS: Pi sum sa ti vum, seed, sho ot, varieties, tolerance index

IN TRO DUC TION

Pea (Pi sum sa ti vum) is the se cond most im por tant food le gu me wor ldwi de 
af ter com mon be ans. The in cre a sing de mand for pro tein-rich raw ma te ri als for 
ani mal feed or in ter me di ary pro ducts for hu man nu tri tion has led to a gre a ter 
in te rest in this crop as a pro tein so ur ce. Pea se eds are rich in pro tein (23–25%), 

* Cor re spon ding aut hor. E-mail: gor da na.pe tro vic @ifvcns.ns .ac .rs 
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slowly di ge sti ble starch (50%), so lu ble su gars (5%), fi bre, mi ne rals, and vi ta mins 
(Ba sti a nel li et al., 1998; Čer ven ski et al., 2017). 

No wa days, le gu mes pro vi de one-third of the en ti re amo unt of pro tein for 
hu man con sump tion, re pre sen ting an im por tant so ur ce of fod der and fo ra ge 
for ani mals, as well as in the pro duc tion of edi ble and in du strial oils (Smýkal et 
al., 2012). Due to the ir high pro tein con tent, they can par ti ally re pla ce soybean 
in the meal of ru mi nants and non-ru mi nants (Gru ža u skas et al., 2016). One of the 
most im por tant at tri bu tes of le gu mes is the ir ca pa city for symbi o tic ni tro gen 
fi xa ti on, un der sco ring the ir im por tan ce as so ur ces of ni tro gen in both na tu ral 
and agri cul tu ral ecosystems (Heldt and Pi ec hul la, 2011; Smýkal et al., 2012).

Du ring the ir growth, crop plants are usu ally ex po sed to dif fe rent en vi-
ron men tal stres ses that can li mit the ir growth and pro duc ti vity (Fle ury et al., 
2010; Vu ja ko vić et al., 2011). Sa li nity and dro ught are ma jor en vi ron men tal 
fac tors li mi ting plant growth and pro duc ti vity, ca u sing gre at eco no mic los ses 
(Jo vi čić et al., 2014; Pe tro vić et al., 2016). Fi eld pea, li ke ot her pul ses, is mo de-
ra tely sen si ti ve to a num ber of abi o tic stress fac tors, par ti cu larly in vol ving wa ter 
de fi cit, soil nu tri tion such as sa li nity and al ka li ne-in du ced bo ron to xi city, re-
pro duc ti ve frost da ma ge, and he at stress (Di ta et al., 2006; Pe tro vić et al., 2016). 

Seed ger mi na tion is the first cri ti cal and the most sen si ti ve sta ge in the 
li fe cycle of plants and it can com pro mi se the se e dlings’ esta blis hment (Kolb 
and Barsch, 2010; Ka ra gić et al., 2010). Se eds ex po sed to un fa vo ra ble en vi ron-
men tal con di ti ons, li ke wa ter stress, ger mi na te with dif fi cul ti es (Jo vi čić et al., 
2014). Wa ter stress li mits plant sur vi val and early se e dling growth by de layin g 
its be gin ning or dec re a sing the fi nal ger mi na bi lity (Оkçu et al., 2005; Kaydan 
and Yag mur, 2008; Sil va et al., 2010). Con si de ring that pea, li ke ot her le gu mes, 
re qu i res a re la ti vely lar ge amo unt of wa ter du ring the ger mi na tion pro cess, it 
is sug ge sted that this is the most cri ti cal pha se of de ve lop ment sta ges. 

Dro ught to le ran ce te sting in the ini tial sta ges of plant de ve lop ment is of 
vi tal im por tan ce be ca u se the seed with mo re ra pid ger mi na tion un der wa ter 
de fi cit con di ti ons can be ex pec ted to ac hi e ve a ra pid se e dling esta blis hment, 
re sul ting in hig her yields (Jo vi čić et al., 2014). Polyethyle ne glycol (PEG 6000) 
is com monly used to si mu la te wa ter-stress con di ti ons in seed ger mi na tion 
stu di es. PEG 6000 is an inert osmo tic agent who se mo le cu les are too lar ge to 
pe ne tra te the seed, thus pre ven ting any to xic ef fects. Be ca u se PEG 6000 do es 
not en ter the apo plast, wa ter is wit hdrawn not only from the cell but al so from 
the cell wall (Ver slu es et al., 2006). PEG-ba sed in vi tro scre e ning for dro ught 
to le ran ce has pro ven to be an ef fec ti ve scre e ning met hod for lar ge sets of germ-
plasm (Оkçu et al., 2005; Ge ne ro zo va et al., 2009). 

Me a su re ment of ger mi na tion can pro vi de va lu a ble in for ma tion abo ut the 
start, ra te, uni for mity, and fi nal per cen ta ge of ger mi na tion. Ho we ver, two seed 
lots can ha ve the sa me ger mi na tion per cen ta ge but dif fer in speed or uni for-
mity. The re fo re, a to tal ger mi na tion per cen ta ge af ter a spe ci fic pe riod do es not 
gi ve a full ex pla na ti on of the dyna mics of ger mi na tion (Jo o sen et al., 2010). It 
is al so use ful to cal cu la te MGT. MGT is de fi ned as a me a su re of the ra te and 
ti me-spread of ger mi na tion (Sol ta ni et al., 2016).
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Sin ce re se ar chers ha ve paid lit tle at ten tion to im pro ve the lo cally cul ti va ted 
pea in this area, the pre sent study con tri bu tes to un der stan ding the re spon ses 
un der osmo tic and dro ught stress con di ti ons and the furt her im pro ve ment of 
our fi eld pea cul ti vars.

The aim of this study was to de ter mi ne whet her the pea seed ger mi na tion 
and se e dling growth of dif fe rent fi eld pea cul ti vars we re in hi bi ted by the osmo tic 
ef fect of wa ter de fi cit, as well as to esta blish a sim ple and fast scre e ning met hod 
for dro ught to le ran ce in pea ge notype s.

MA TE RI ALS AND MET HODS

The study was con duc ted using se ven se lec ted ge notype s of the ge nus 
Pi sum from the col lec tion of the In sti tu te of Fi eld and Ve ge ta ble Crops in Novi 
Sad. Se eds we re ste ri li zed with 0.5% so di um hypoc hlo ri te so lu tion for 1 min and 
af ter that was hed with dis til led wa ter. Pea se eds we re ger mi na ted in 15 x 24 cm 
pla stic bo xes fil led with sand. For each cul ti var, 4 re pli ca tes of 100 se eds were 
sown for each tre at ment. 

Dro ught stress was sti mu la ted by two dif fe rent osmo tic po ten tial le vels 
(-0.1 MPa and -0.2 MPa) using PEG 6000. So lu ti ons of PEG 6000 we re pre-
pa red ac cor ding to Mic hel and Ka uf mann (1973). Dis til led wa ter ser ved as a 
con trol.

Pla stic bo xes we re pla ced in a ger mi na tion cham ber at 20 °C un der con-
di ti ons of a 12h light/dark cycle.The sand was mo i ste ned daily with dis til led 
wa ter for con trol and the so lu tion of PEG for tre at ments. Seed ger mi na tion was 
re cor ded every 24h for 10 days by eva lu a ting nor mal se e dlings. A seed was 
con si de red to ha ve ger mi na ted when the ra dic le was 2 mm long (Kaya et al., 
2006; Kim et al., 2006). 

The ger mi na tion per cen ta ge was de ter mi ned by co un ting the num ber of 
ger mi na ted se eds as fol lows: (GP) = Num ber of ger mi na ted seed / To tal Num-
ber of seed te sted x 100.

Mean ger mi na tion ti me (MGT) was de ter mi ned ac cor ding to Kan dil et al. 
(2012): MGT= ∑dn/ ∑ n, whe re (n) is the num ber of se eds that we re ger mi na ted 
on the day (d), and (dn) is the num ber of days co un ted from the be gin ning of 
ger mi na tion.

The ra dic le and hypo cotyl length (mm) and the se e dling fresh and dry 
we ights (g) we re me a su red on the 10th day af ter so wing. Dry we ights of hypo-
cotyl and ra dic le we re me a su red af ter drying sam ples in the oven at 80 °C for 24h, 
to an ac cu racy of 0.1 mg using an analyti cal ba lan ce, un til a con stant we ight 
was ac hi e ved. The re sults we re ex pres sed as the to tal mass of ten sho ots (g).

The sho ot/ro ot ra tio of dry we ight was cal cu la ted from the ob ta i ned re-
sults. To le ran ce in dex (TI) was cal cu la ted for the sho ot and the ro ot ac cor ding 
to Ma i ti et al. (1994):

To le ran ce in dex (TI) = Dry we ight of plant ma te rial in the con trol gro up 
(g) / Dry we ight of plant ma te rial in the tre a ted gro up (g).
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Da ta gi ven in per cen ta ges we re su bjec ted to ar csi ne tran sfor ma tion be fo re 
sta ti sti cal analysis. For all in ve sti ga ted pa ra me ters, the analysis of va ri an ce was 
per for med using the Sta ti sti cal soft wa re (Sig ma plot 10.0., Systat Soft wa re Inc., 
San Jo se, CA, U.S.A.). Sig ni fi cant dif fe ren ces among the mean va lu es we re 
com pa red by Stu dent’s t-test (*p < 0.05, **p < 0.01 and ***p < 0.001). Fi gu res 
we re drawn using Sig ma plot. 

RE SULTS AND DI SCUS SION

Ger mi na tion of se eds is a com plex physi o lo gi cal pro cess trig ge red by the 
im bi bi tion of wa ter af ter pos si ble dor mancy mec ha nisms ha ve been re le a sed 
by ap pro pri a te trig gers. Un der fa vo ra ble con di ti ons, a ra pid ex pan si on growth of 
the em bryo cul mi na tes in rup tu re of the co ve ring layers and emer gen ce of the 
ra dic le. Ra dic le emer gen ce is con si de red the com ple tion of ger mi na tion. Wa ter 
stress can af fect ger mi na tion by dec re a sing the per cen ta ge of ger mi na tion. 

The re sults of this study show that dif fe rent con cen tra ti ons of PEG in 
ger mi na tion me dia sig ni fi cantly af fect the seed ger mi na tion of fi eld pea. An 
in cre a se in osmo tic stress sig ni fi cantly dec re a sed ger mi na tion per cen ta ge (GP) in 
all the te sted va ri e ti es. In cre a sed Mean Ger mi na tion Ti me (MGT) and dec re a sed 
to tal ger mi na tion ti me oc cur red al ready at the lo west le vel of stress (-0.1 MPa). 

Ger mi na tion in con trols ran ged bet we en 96.25% (Part ner) and 99.75% 
(Mraz), ex cept for va ri ety Ja vor whe re it amo un ted to 83.75%. In all va ri e ti es, 
a dec re a se in ger mi na tion de pen ding on the le vel of stress was ob ser ved, whi le 
this re duc tion dif fers among va ri e ti es (Fi gu re 1a).

Va ri ety Mraz sho wed the le ast re duc tion of GP (con trol 100%; -0.1 MPa 
99%; -0.2 MPa 97%), whi le the lar gest dec re a se was in Ja vor va ri ety (con trol 
84%; -0.1 MPa 64; -0.2 MPa 58%). GP dec re a sed with the in cre a sed PEG 6000 
con cen tra tion, which is due to the re duc tion in wa ter po ten tial gra di ent bet we-
en the seed and sur ro un ding me dia (Оkçu et al., 2005). Ob ta i ned re sults are in 
ac cor dan ce with the re sults of ot her si mi lar stu di es (Al man so u ri et al., 2001; 
Kaydan and Yag mur, 2008; Jo vi čić et al., 2013; Pe tro vić et al., 2016).

Ma vi et al. (2010) sug gest that dif fe ren ces in MGT or the ra te of ger mi na tion 
bet we en seed lots are cru cial for de ter mi ning the emer gen ce per for man ce both 
in terms of the ra te of emer gen ce, fi nal co unt, and se e dling si ze and va ri a tion. 
It is use ful to cal cu la te MGT be ca u se, ac cor ding to De mir et al. (2008), slo wer 
ger mi na ting lots, as in di ca ted by MGT, with a gre a ter spread of ger mi na tion 
over ti me, pro du ced smal ler and mo re va ri a ble se e dlings in the la bo ra tory. 

MGT in cre a sed pro gres si vely as osmo tic po ten tial dec re a sed (Fi gu re 1B). 
Okçu et al. (2005) al so fo und that mean ger mi na tion ti me was de layed  by dec-
re a sing wa ter po ten tial. MGT in con trols ran ged from 5.04 (Mraz) and 5.58 
(Ja vor) days, at -0.1 MPa bet we en 5.14 (Pi o nir) and 6.91 (Ja vor) days, whi le in 
the so lu tion of -0.2 MPa PEG ran ged bet we en 5.17 (Tre zor) and 7.24 (Ja vor) days.

The trend of in cre a sing MGT, or slo wing ger mi na tion, with in cre a sing 
le vels of stress was ob ser ved in all va ri e ti es, ex cept for va ri e ti es Mraz and 
Tre zor in the so lu tion of -0.2 MPa when they shor ten the ger mi na tion com pa red 
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Fi gu re 1. A. The ef fect of dif fe rent con cen tra ti ons of osmo ti cum PEG 6000 on seed 
ger mi na tion in fi eld pea ge notype s; B. The ef fect of dif fe rent con cen tra ti ons of osmo ti cum 

PEG 6000 on mean ger mi na tion ti me of fi eld pea ge notype s.



to -0.1 MPa. The in cre a se of MGT in con di ti ons of osmo tic stress was par ti-
cu larly no ti ce a ble in va ri ety Ja vor in which ger mi na tion oc cur red la ter com-
pa red to ot her va ri e ti es.

Ta king in to ac co unt the re sults of me a su re ments of the ger mi na tion per-
cen ta ge and mean ger mi na tion ti me, it is ob ser ved that va ri ety Ja vor is much 
mo re sen si ti ve than the ot her va ri e ti es at all le vels of osmo tic stress. On the 
con trary, the lo west sen si ti vity of ger mi na tion and MGT was fo und in va ri e-
ti es Mraz and Tre zor.

In or der to exa mi ne the in flu en ce of dif fe rent le vels of osmo tic stress on 
morp ho lo gi cal chan ges of se e dlings, growth pa ra me ters we re de ter mi ned. 

An in cre a se in osmo tic stress re sul ted in dec re a sed sho ot and ro ot length, 
but the re we re dif fe ren ces bet we en the exa mi ned va ri e ti es. The Stu dent’s t-test 
sho wed that the dec re a se in sho ot length com pa red to the con trol was very 
sig ni fi cant (p <0.001), al ready at the lo west le vel of osmo tic stress (-0.1 MPa) 
in all te sted va ri e ti es. The lo west ra te of re duc tion in the sho ot length, re la ti ve 
to the con trol, was in the va ri ety Du kat (73.4%, from 149.52 mm in con trol to 
39.75 mm). On the con trary, the hig hest re duc tion (83.7%) was me a su red in 
Ju ni or (from 215 mm in con trol to 35 mm in -0.1 MPa PEG so lu tion, re spec-
ti vely) (Ta ble 1). 

A sig ni fi cant dec re a se in ro ot length com pa red to the con trol was al so 
ob ser ved. The smal lest re duc tion in the ro ot length re la ti ve to the con trol was 
in the va ri ety Tre zor (43.9%, from 200.48 mm to 112.48), whi le the hig hest 
re duc tion (70.7%) was in the va ri ety Ja vor (211.50 mm to 112.48 mm) at the 
lo west le vel of osmo tic stress (Ta ble 1). The analysis of re sults sho wed dif fe-
ren ces bet we en the exa mi ned va ri e ti es.

Wa ter stress de pres sed the sho ot growth of the cul ti vars rat her than the ir 
ro ot growth. The ro ots of the se e dlings we re lon ger in di ca ting that the PEG 
sig ni fi cantly in flu en ced the re duc tion of cell di vi sion and cell elon ga tion. The 
sa me con clu sion was ma de by Okçu et al. (2005) exa mi ning the ef fects of salt 
and dro ught stres ses at the wa ter po ten ti als of -2, -4, -6, and -8 bars, in du ced 
by NaCl and PEG 6000 each, on ger mi na tion and early se e dling growth for 
three pea cul ti vars. PEG-in du ced osmo tic stress ca u sed mo re growth in hi bi tion 
as com pa red to NaCl-in du ced osmo tic stress (Pe tro vić et al., 2016). The ob ta-
i ned re sults are in ac cor dan ce with the re sults of Do bran szki et al. (2006) who 
analyzed the ef fect of PEG on 8 pea ge notype s and fo und that osmo tic stress 
ca u sed by the so lu tion of PEG 6000 af fec ted the de ve lop ment of sho ots mo re 
than the ro ots of the se e dlings and that the se chan ges we re sta ti sti cally sig ni-
fi cant at a so lu tion of 5%, which wo uld cor re spond to a so lu tion of the osmo tic 
po ten tial of -0.1 MPa.

The ave ra ge dry mass of the sho ot in con trol ran ged from 0.24 g (Pi o nir) 
to 0.47 g (Du kat). Va ri e ti es Ju ni or, Pi o nir, and Tre zor had the smal lest dry mass of 
the sho ots in the PEG so lu tion of -0.1 MPa (0.07 g), whi le Du kat had a ma xi mum 
of 0.12 g. At -0.2 MPa, Ja vor and Pi o nir had the lo west dry mass (0.05 g), whi le 
Du kat had 0.09 g. It is no ti ce a ble that the Du kat va ri ety had the hig hest va lue 
of the dry mass of the sho ot in all the exa mi ned gro ups (Ta ble 1). The dec re-
a se of the sho ot dry mass in the con trol was the lar gest in the Mraz va ri ety 
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(65.1%), and the smal lest in the Du kat va ri ety (35.8%). Re sults of the stress of 
-0.2 MPa sho wed that the lar gest dec re a se in the sho ot dry mass was in the 
Ja vor va ri ety (81.7%), and the smal lest in the Du kat va ri ety (44.3%).

The ave ra ge va lue of the ro ot dry mass in con trol was from 0.07 g (Pi o nir) 
to 0.33 g (Part ner), in -0.1 MPa so lu tion from 0.04 g (Pi o ne er) to 0.18 g (Part ner), 
and in -0.2 MPa so lu tion from 0.04 g (Pi o nir) to 0.13 g (Du kat). The dec re a se 
in con trol was the lar gest in the Ja vor va ri ety (61.6%) and the smal lest in the 
Tre vor va ri ety (43.5%). At the stress of -0.2 MPa, the lar gest dec re a se in re la-
tion to con trol was in the Part ner (69.8%), whi le the smal lest re duc tion was in 
the Pi o nir va ri ety (57%). Com pa ring to ot her va ri e ti es, the du ra tion of osmo tic 
stress had no lar ge ef fect on the chan ge in dry we ight in the Pi o nir va ri ety.

In the Du kat va ri ety, only the ra tio of dry mat ter of the sho ot and ro ot 
drop ped be low 1.00 al ready at -0.1 MPa, which in di ca tes that this va ri ety, in 
the first sta ges of plant ex po su re to stress, as si mi la ted re fer ring to the ro ot.

Ja leel et al. (2009) po in ted out that dry mass ac cu mu la tion is a de si ra ble 
cha rac te ri stic in the ca se of wa ter de fi ci ency, whi le Sak thi ve lu et al. (2008) 
cla im that the dry mass is in cor re la tion with to le ran ce to dro ught. 

Ta ble 2. To le ran ce in dex (TI) of the sho ot and ro ot of the se e dlings of fi eld pea at dif fe rent 
le vels of osmo tic stress.

Va ri ety Tre at ment (PEG) Sho ot TI Ro ot TI 
Mraz Con trol 1.00 1.00

-0.1 MPa 0.35* 0.47*

-0.2 MPa 0.24* 0.47*

Ju ni or Con trol 1.00 1.00
-0.1 MPa 0.20* 0.49*

-0.2 MPa 0.20* 0.38*

Ja vor Con trol 1.00 1.00
-0.1 MPa 0.23* 0.38*

-0.2 MPa 0.14* 0.33*

Du kat Con trol 1.00 1.00
-0.1 MPa 0.26* 0.52*

-0.2 MPa 0.19* 0.42*

Pi o nir Con trol 1.00 1.00
-0.1 MPa 0.29* 0.57*

-0.2 MPa 0.21* 0.57*

Part ner Con trol 1.00 1.00
-0.1 MPa 0.27* 0.41*

-0.2 MPa 0.22* 0.26*

Tre zor Con trol 1.00 1.00
-0.1 MPa 0.19* 0.43*

-0.2 MPa 0.19* 0.32*

* p<0.05
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Ba sed on dry mass da ta of sho ot and ro ot of the se e dlings in the con trol 
and tre a ted gro up, va lu es of to le ran ce in dex on dro ught, as well as ot her stress 
fac tors, co uld be cal cu la ted (Ma i ti et al., 1994). The to le ran ce in dex (TI) in this 
study is cal cu la ted for sho ot and ro ot se pa ra tely, for each le vel of stress (Ta ble 2).

The re was a sta ti sti cally sig ni fi cant dow nward trend in the va lue of TI of 
the sho ot, which po ints to the re du ced to le ran ce of the te sted va ri e ti es to en-
han ced and pro lon ged osmo tic stress (Ta ble 2). TI at the lo west le vel of osmo-
tic stress was from 0.56 (Tre zor) to 0.47 (Mraz). At -0.2 MPa TI was bet we en 
0.14 (Ja vor) and 0.24 (Mraz). The lar gest dec re a se in TI of the sho ot at osmo tic 
stress of -0.1 MPa was in the Mraz va ri ety (65%) and the smal lest in the Du kat 
va ri ety (35.5%). In stress con di ti ons of -0.2 MPa, the lar gest dec re a se was fo und 
in the Ja vor va ri ety (82%) and the smal lest in the Du kat va ri ety (44%).

The va lu es of TI of the se e dling ro ots (Ta ble 2) al so sho wed a dow nward 
trend li ke in the sho ot. In the -0.1 MP so lu tion, the TI was bet we en 0.38 (Ja vor) 
and 0.56 (Tre zor), whi le in osmo tic stress of -0.2 MPa it was bet we en 0.30 
(Part ner) and 0.57 (Pi o nir). The lar gest dec re a se in the TI at the osmo tic stress 
of -0.1 MPa was in the Ja vor va ri ety (62%) and the smal lest in the Tre zor va-
ri ety (43.8%). In the ca se of the stress of -0.2 MPa, the lar gest dec re a se was 
ob ser ved in the va ri e ti es Pi o nir and Part ner (70%) and the smal lest in the Tre-
zor va ri ety (47.8%).

Ma i ti et al. (1994) con clu ded that the stress con di ti ons ha ve a gre a ter im pact 
on the IT of the sho ot of the plant than on the ro ots. The dec re a se in to le ran ce 
in dex, un der the in flu en ce of osmo tic stress ca u sed by NaCl, was de ter mi ned 
by Dang et al. (2011).

Com pa ri son of the va lu es of the to le ran ce in dex of the sho ot and ro ot in-
di ca tes that the va lu es of the ro ot to le ran ce in dex are sig ni fi cantly hig her than 
the va lu es for the sho ot, at all le vels of stress. The va lu es ob ta i ned for the ro ot 
un der the in flu en ce of stress are clo ser to the con trol va lu es com pa red to the 
va lu es for the sho ot, which in di ca tes a les ser im pact of osmo tic stress on the 
dry mass ac cu mu la tion in the ro ot com pa ring to the sho ot. Ta king in to ac co unt 
the ob ta i ned va lu es of the in dex of to le ran ce of the sho ot and ro ot at all le vels of 
stress and mu tual com pa ri son of va ri e ti es, it can be said that the Mraz va ri ety 
is in the gro up of to le rant va ri e ti es, along with the Du kat and Pi o nir va ri e ti es. 
Tre zor and Part ner be long to a gro up of me di um to le rant va ri e ti es, whi le Ju ni or 
and Ja vor are the le ast to le rant va ri e ti es.

CON CLU SION

The ob ta i ned re sults show that the re ac tion to osmo tic stress at low osmo tic 
po ten tial can be te sted in dif fe rent pea plants, ba sed on sim ple met hods such 
as ger mi na tion per cen ta ge and se e dling growth ra te. Seed ger mi na tion at -0.1 
to -0.2 MPa ap pe ars to be a good se lec tion cri te rion for fi eld pea va ri e ti es to 
be plan ted in arid or se mi-arid are as.
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УТИ ЦАЈ СТРЕ СА СУ ШЕ НА КЛИ ЈА ЊЕ И ПО РАСТ ПО НИ КА  
РАЗЛИЧИТИХ ГЕНОТИПОВА СТОЧ НОГ ГРА ШКА

Гор да на Р. ПЕ ТРО ВИЋ1, То ми слав Т. ЖИ ВА НО ВИЋ2, 
Рад ми ла И. СТИ КИЋ2, Зо ри ца Т. НИ КО ЛИЋ1, Ду ши ца Д. ЈО ВИ ЧИЋ1, 

Гор да на Д. ТА МИН ЏИЋ1, Дра га на Н. МИ ЛО ШЕ ВИЋ1

1 Ин сти тут за ра тар ство и по вр тар ство, Ла бо ра то ри ја за ис пи ти ва ње се ме на, 
Мак си ма Гор ког 30, Но ви Сад 21000, Ср би ја

2 Уни вер зи тет у Бе о гра ду, По љо при вред ни фа кул тет, 
Ка те дра за агро хе ми ју и фи зи о ло ги ју би ља ка, 

Не ма њи на 6, Бе о град-Зе мун 11080, Ср би ја

РЕ ЗИ МЕ: У ра ду је про у ча ва но кли ја ње и по раст по ни ка се дам ге но ти по ва 
сточ ног гра шка (Pi sum sa ti vum L.) у рас тво ру PEG-6000 са вред но сти ма осмот-
ских по тен ци ја ла од -0,1 и -0,2 МPa. Ис пи ти ва ње је из вр ше но ка ко би се утвр дио 
ути цај раз ли чи тих осмот ских по тен ци ја ла (МPa) на про це нат кли ја во сти се ме на 
(GP) и про сеч но вре ме кли ја ња (MGT). Ре зул та ти по ка зу ју да се про це нат кли ја-
во сти сма њи вао упо ре до са сма ње њем осмот ског по тен ци ја ла, док се про сеч но 
вре ме кли ја ња по ве ћа ва ло. Сор та „Ја вор” мно го je осе тљи ви ја од оста лих сор ти 
при свим ни во и ма осмот ског стре са. Су прот но то ме, нај ма њи ути цај на кли ја ње 
и MGT утвр ђен је код сор ти „Мраз” и „Тре зор”. Од ре ђи ва ње кли ја во сти се ме на 
у рас тво ри ма PEG од -0,1 до -0,2 МPa мо же се ко ри сти ти за те сти ра ње сточ ног 
гра шка. Из ло же ност осмот ском стре су и ње го во тра ја ње зна чај но су ути ца ли на 
раст по ни ка (из да нак и ко рен) и аку му ла ци ју би о ма се, при че му је ње гов ути цај 
био из ра же ни ји на раст из дан ка не го на раст ко ре на, што је по твр дио и ин декс 
то ле рант но сти ко ре на.

КЉУЧ НЕ РЕ ЧИ: Pi sum sa ti vum, се ме, кли ја нац, сорте, индекс толерантности
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CYANO BAC TE RIA AND AL GAE  
FROM BI O FILM AT THE EN TRAN CE ZO NE  

OF PET NI CA CA VE

AB STRACT: The im por tan ce of bi o films in ca ves, the di ver sity of mic ro or ga nisms 
in them, the ir mu tual re la ti on ship and re la ti on ship with the sub stra tum are among the advan-
cing re se arch to pics in mic ro bial bi o spe le o logy. This re se arch is ma king con tri bu tion to the 
know led ge abo ut bi o films at ca ve en tran ces and pho to trop hic com mu ni ti es in them. In that 
man ner, bi o films from the en tran ce zo ne of the Pet ni ca Ca ve we re exa mi ned. Light mic ro-
scopy sho wed that cyano bac te ria we re ex clu si vely do mi nant pho to trophs (34 ta xa out of 39 
to tal ta xa re cor ded) with coc coid forms pre va i ling (28 ta xa); sim ple tric hal forms we re pre-
sent to a les ser ex tent, whi le he te rocyto us ones we re com ple tely ab sent. Ge ne ra Glo e o cap sa, 
Chro o coc cus,Glo e ot he ce and Lep tolyngb ya we re the most di ver se. Fo ur green al gal ge ne ra 
cha rac te ri stic for ae rophyti c ha bi tats (Apa to coc cus, De smo coc cus, Ha e ma to coc cus and 
Tren te po hlia) we re al so re cor ded, whi le Ba cil la ri ophyta  we re ob ser ved spo ra di cally. Three 
gro ups of sam pling si tes we re di stin gu is hed ba sed on re cor ded ta xa, the ir ric hness and si-
mi la rity, using non-me tric mul ti di men si o nal sca ling (NMDS). Qu an ti ta ti ve bi o film cha rac-
te ri stics we re al so as ses sed – the con tent of chlo rophyll a (Chl a) was de ter mi ned, as well 
as the con tents of wa ter, or ga nic and inor ga nic mat ter. Chl a had a sig ni fi cant po si ti ve cor-
re la tion with the con tent of or ga nic mat ter (r=0.904, P=0.013). 
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IN TRO DUC TION

Nu me ro us dif fe rent ca vi ti es are pre sent wi dely un der ne ath the Earth’s 
sur fa ce, with many of them be ing so lu ti o nal – karst ca ves which usu ally oc cur 
in li me sto ne. Tho se are so far the most fre qu ently stu died types. Even tho ugh 
many ca ves are ex plo red wor ldwi de so far, it still is a small part of the pre sent 
un der gro und pas sa ges (Klim cho uk, 2004). Ca ve en tran ce ha bi tats are a part 
of ca ves cha rac te ri zed by the pre sen ce of daylight and may be con si de red as 
eco to nes bet we en the sur fa ce and dark ca ve ha bi tats. The depth to which light 
pe ne tra tes, con si de ring ca ve morp ho logy, de pends on the sha pe, po si tion or 
width of the ca ve ope ning (Sket, 2004). For ca ves with lar ge en tran ces, the 
light in ten sity re du ces 1% or less per me ter to ward the in ter i or, whi le in ca ves 
cha rac te ri zed with ex tre mely small en tran ces (<1 m), al most com ple te dark ness 
can en sue only af ter 1 m from the en tran ce (Pen te cost, 2004). He re, at ca ve 
en tran ces, due to the pre sen ce of light, pho to trophs are pre sent (Sket, 2004). 
Dif fe rent pho tosynthe tic spe ci es may dif fe rently to le ra te lack of light, whi le 
cyano bac te ria and al gae may ha ve so me adap ta ti ons to low light in ten si ti es 
and so me can grow on rock walls, even if the only so ur ce of wa ter is con den-
sa tion (Pen te cost, 2004). 

Cyano bac te ria and al gae in ca ves are of ten fo und for ming bi o films with 
ot her mic ro or ga nisms/or ga nisms. The va ri ety of bi o films in ca ves can be qu-
i te high, and it se ems that they are “unu su ally di ver se com pa red to tho se fo und 
on the sur fa ce” (Bo ston et al., 2001 ci ted in Bo ston, 2004). Sin ce they help in 
the sur vi val and growth of mic ro or ga nisms and the ir pro tec tion, it is even 
sug ge sted that the pri mary evo lu ti o nary units are not the or ga nisms in cor po-
ra ted in bi o films, but bi o films them sel ves (Bo ston, 2004).

Cyano bac te ria are qu an ti ta ti vely among the most im por tant or ga nisms 
on Earth: they had a key ro le in the oxyge na tion of the at mosp he re in the past 
and to day. The ir abi lity to de tect and re spond to va ri a ti ons in the en vi ron ment 
is of key im por tan ce for the ir suc cess and the ir pre sen ce in a di ver se ran ge of 
ha bi tats (Whit ton and Potts, 2012) and among them, in ca ves (Al ber ta no, 2012). 
They are mo re adap ta ble com pa red to eu karyotic al gae and so me of the adap-
ta ti ons to su ba e rophyti c li fe are a bet ter to le ran ce of de sic ca tion and wa ter 
stress (Whit ton and Potts, 2012). The cyano bac te rial com mu nity in si de ca ves, 
un li ke tho se in ha bi ting out si de ha bi tat, is in flu en ced by the cha rac te ri stics of 
this so me how con fi ned en vi ron ment and it is mostly in flu en ced by qu a lity and 
qu an tity of light and air hu mi dity (Al ber ta no, 2012). They are re si stant to dif-
fe rent con di ti ons in ca ves, in clu ding dark ness (Czer wik-Mar cin kow ska and 
Mas sal ski, 2018).

The aim of this re se arch was to ex plo re the di ver sity of pho to trop hic micro-
or ga nisms from the en tran ce zo ne of Pet ni ca Ca ve.
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MA TE RI ALS AND MET HODS

Sam pling lo ca tion

Pet ni ca Ca ve is si tu a ted so ut he ast of the town of Va lje vo, ne ar Pet ni ca vil-
la ge. The en tran ces to the ca ve lie on the nort hern slo pe of the Osoj hill in the 
vil la ge of Pet ni ca, at the jun ction of the hill area and Va lje vo and the Ko lu bara 
val ley. Ri ver Ba nja springs from the Ca ve and flows in to the ri ver Ko lu bara 
(Fi gu re 1). 

Fi gu re 1. Re li ef, hydro logy and ge o logy of the wi der sur ro un dings of Pet ni ca Ca ve  
ac cor ding to ge o morp ho lo gi cal in for ma tion system – Arc Map. 1 – car bo na te rocks;  

2 – Mi o ce ne marly-clay se di ments; 3 – al lu vi um; 4,5 – ri ver ter ra ces; 6 – springs; 7 – ca ve.

Pet ni ca Ca ve con sists of two main parts: Do nja pe ći na (lo wer ca ve), which 
is hydro lo gi cally ac ti ve and Gor nja pe ći na (up per ca ve), a dry part of the ca ve 
cha rac te ri zed with the oc ca si o nally pre sent se e ping wa ter. They are con nec ted 
and the to tal length of ca nals is 580 m. The en tran ce of the lo wer ca ve has a 
tri an gle sha pe, 14 m wi de at the ba sis and 9 m high, whi le the en tran ce of the 
up per ca ve is con si de rably smal ler. Due to lar ge ope nings, ex ter nal tem pe ra-
tu re and air hu mi dity in flu en ce ca ve con di ti ons at the en tran ce and ne ar the 



74

en tran ce (Đu ro vić, 1998; La za re vić, 1988). The sam pling was per for med at the 
en tran ce of the lo wer ca ve.

Pet ni ca Ca ve is the ol dest re se ar ched and the most fa mo us ca ve in the 
Va lje vo karst. It was first pro tec ted as an ar che o lo gi cal si te, and then it was 
dec la red a na tu ral mo nu ment, as a spe le o lo gi cal ob ject and ge o he ri ta ge si te 
and is among the ten spe le o lo gi cal mo nu ments of na tu re in We stern Ser bia. A 
pro tec tion zo ne of 2.8 ha was esta blis hed aro und the ca ve in 1969, whi le the 
la test pro tec tion study (2012) pro po ses to pro tect an area of 8.10 ha (Gro up of 
aut hors, 2012). Al so, spring Ba nja (“Spring Pet ni ca”) is an ex tre mely ra re 
hydro lo gi cal phe no me non, which, ac cor ding to Si mić (2008) be longs to the 
first gro ups of hydro lo gi cal he ri ta ge ob jects of Ser bia. The ca ve it self has so 
far been in fra struc tu rally ar ran ged and equ ip ped for the ne eds of the to u rist 
ca ve three ti mes, but the num ber of vi si tors has ne ver been eno ugh for this 
fun ction to be esta blis hed. For long it has been the su bject of dif fe rent sci en-
ti fic re se arch and edu ca ti o nal ac ti vi ti es (Gro up of aut hors, 2012). 

Sam pling si tes and sam pling pro ce du re

Signs of the pre sen ce of pho to trop hic mic ro or ga nisms we re vi si ble on the 
walls of the en ti re en tran ce zo ne of the lo wer le vel of Pet ni ca Ca ve. Six sam-

Figure 2. Sampling sites in Petnica Cave: P1) brownish coloured biofilm; P2) light purple 
gelatinous biofilm; P3) dark purple gelatinous biofilm, P4) brown coloured biofilm; 

P5) light green coloured biofilm; P6) dark green coloured biofilm.
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pling si tes (P1–P6) sho wing va ri o usly co lo u red bi o films, which pho to graphs 
are shown in Figure 2, are cho sen for bi o film sam pling. All sam pling si tes we re 
lo ca ted, at the dis tan ce of ap pro xi ma tely 20 m from the en tran ce of the ca ve 
(on the ca ve wall op po si te to the ca ve en tran ce), but at dif fe rent he ights from 
the gro und: P1 – 1.4 m, P2 – 1.4 m, P3 – 1.4 m, P4 – 1.65 m, P5 – 1.65 m and 
P6 – 1.7 m. 

Bi o film sam ples for al go lo gi cal analyses we re sam pled as de scri bed in 
Po po vić et al. (2017). A fla me ste ri li zed scal pel was used to col lect bi o film 
di rectly from the rock sub stra tum, by gently scra ping the ma te rial from the 
sto ne sur fa ce. The sam ples of bi o film we re sto red in la be led ste ri le polyethyle ne 
bags and as such tran spor ted to the la bo ra tory for furt her pro ces sing – ma king 
of sli des for mic ro sco pi cal analysis and iden ti fi ca tion of cyano bac te ria and al gae.

Al go lo gi cal analyses

For mic ro sco pi cal analyses of pho to trop hic mic ro or ga nisms, two kinds 
of sli des we re ma de: tem po ra rily wet mo unt sli de (a pi e ce of bi o film mi xed 
with wa ter) and se mi per ma nent sli de (a pi e ce of bi o film mi xed with glyce ri ne). 
The sli des we re ob ser ved using the light mic ro sco pe Ze iss Axio-Ima ger M.1 
with soft wa re Axi o Vi si on 4.8. The iden ti fi ca tion of cyano bac te ria and al gae was 
per for med by using the stan dard li te ra tu re: John et al. (2003), Komárek and 
Anag no sti dis (1998; 2005) and Star mach (1972).

De ter mi na tion of chlo rophyll a, wa ter con tent, or ga nic  
and inor ga nic mat ter in bi o films

Bi o film was sam pled from a cer tain sur fa ce of 3.8 cm2 using the ro und 
ma trix as de scri bed in Po po vić et al. (2017), both for the de ter mi na tion of chlo-
rophyll a (Chl a) con tent, as well as for bi o film pa ra me ters – the con tent of 
wa ter, or ga nic and inor ga nic mat ter. Bi o film was kept in ste ri le polyethyle ne 
bags un til ar ri val in the la bo ra tory. Chl a ex trac ti on and cal cu la tion we re do ne 
as de scri bed in Po po vić et al. (2015), af ter which this pa ra me ter was ex pres sed 
per sur fa ce area, as μg Chl a cm-2. The con tent of wa ter, or ga nic and inor ga nic 
mat ter we re de ter mi ned ba sed on the dif fe ren ce bet we en fresh sam ple we ight 
and we ights af ter drying at 105 °C and as hing at 550 °C (Po po vić et al., 2017) 
and we re ex pres sed in per cen ta ges. 

Da ta analysis

Cor re la ti ons (Pe ar son co ef fi ci ent) bet we en Chl a and bi o film pa ra me ters 
we re de mon stra ted using the sta ti sti cal pac ka ge XLSTAT (Ad din soft, 2020). 
Con si de ring sam pling si tes, non-me tric mul ti di men si o nal sca ling (NMDS) 
ba sed on Bray-Cur tis dis tan ce was do ne to see po ten tial si mi la rity/dis si mi la rity 
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bet we en them, ba sed on do cu men ted cyano bac te rial and al gal ta xa. For this 
pur po se, the Ca no co 5 Soft wa re Pac ka ge (Ter Bra ak and Šmi la u er, 2012) was used. 

RE SULTS AND DI SCUS SION

In the ae rophyti c pho to trop hic com mu nity from the en tran ce zo ne of Pet-
ni ca Ca ve, a to tal of 39 cyano bac te rial and al gal ta xa was do cu men ted (Ta ble 
1). Cyano bac te ria pre va i led with 34 ta xa, but al gae be lon ging to Chlo rophyta 
we re al so fo und, tho ugh in a les ser ex tent. Ba cil la ri ophyta  we re spot ted too. 
The do mi nant Cyano bac te ria we re coc coid forms with 28 iden ti fied re pre sen-
ta ti ves (ge nus or spe ci es le vel) from 12 ge ne ra. Ho we ver, sim ple tric hal forms 
of Cyano bac te ria we re re cor ded too, but he te rocyto us ones we re com ple tely 
ab sent at the se sam pling si tes. The most di ver se cyano bac te rial ge ne ra we re 
Glo e o cap sa, Chro o coc cus and Glo e ot he ce con si de ring coc coid forms and 
Lep tolyngb ya con si de ring sim ple tric hal forms. Glo e o bac ter vi o la sce us was 
do cu men ted on all sam pling si tes, whi le Chro o coc cus er ce go vi cii, Glo e o cap
sa bi for mis and G.ni gre scens we re fo und on fi ve. The only green al gal re pre-
sen ta ti ves that we re re cor ded in bi o film sam ples we re mem bers of Apa to coc
cus, De smo coc cus, Ha e ma to coc cus and Tren te po hlia ge ne ra. Few Ba cil la ri-
ophyta  we re spot ted spo ra di cally in bi o film. So me cyano bac te rial re pre sen ta-
ti ves are shown in Fi gu re 3.

Ta ble 1. List of cyano bac te rial and al gal ta xa from bi o film sam ples from the en tran ce of 
Pet ni ca Ca ve.

P1 P2 P3 P4 P5 P6
Cyano bac te ri a 
Coc co i d
Ap ha no cap sa fu scolu tea Han sgirg + +
Ap ha not he ce sa xi co la Nägeli +
Ap ha not he ce sp. Nägeli +
Aste ro cap sa sp. H.-J.Chu + + +
Chon drocystis der moc hroa (Nägeli ex Kützing) 
Komárek & Anag no sti dis +

Chro o coc ci di op sis sp. Ge i tler +
Chro o coc cus co ha e rens (Brébis son) Nägeli + +
Chro o coc cus er ce go vi cii Komárek & Anag no sti dis + + + + +
Chro o coc cus sp. (Kützing) Nägeli +
Chro o coc cus te nax (Kir chner) Hi e ronymu s + +
Chro o coc cus tur gi dus (Kützing) Nägeli + + +
Glo e o bac ter vi o la sce us Rip pka, J. B. Wa ter bury &
Co hen-Ba zi re + + + + + +

Glo e o cap sa ae ru gi no sa Kützing + +
Glo e o cap sa atra ta Kützing + + + +
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Glo e o cap sa bi for mis Er ce go vic + + + + +
Glo e o cap sa cf. al pi na Nägeli +
Glo e o cap sa ni gre scens Nägeli + + + + +
Glo e o cap sa no va ce kii Komárek &
Anag no sti dis +

Glo e o cap sa pun cta ta Nägeli + +
Glo e o cap sa re ic hel tii P.G.Ric hter +
Glo e o cap sa sp. Kützing +
Glo e o cap sop sis sp. Ge i tler ex Komárek + +
Glo e ot he ce cf. pa lea (Kützing) Nägeli + + +
Glo e ot he ce con flu ens Nägeli +
Glo e ot he ce ru pe stris (Lyngbye) Bor net + + +
Glo e ot he ce sp. Nägeli +
Pse u do cap sa du bia Er ce go vic + +
Synec ho coc cus cf. elon ga tus (Nägeli) Nägeli +
Uni den ti fied coc coid Cyano bac te ria + + +
Sim ple tric hal 
Lep tolyngbya fo ve o la rum (Go mont) Anag no sti dis
& Komárek +

Lep tolyngb ya per fo rans (Ge i tler) Anag no sti dis &
Komárek + + +

Lep tolyngb ya spp. Anag no sti dis & Komárek + + + +
Ta pi not hrix bor ne tii Sa u va ge au +
Wolskyel la cf. flo ri da na Ma resš & Kaš tovský + +
Chlo rophyta 
Apa to coc cus lo ba tus (Cho dat) J.B.Pe ter sen +
De smo coc cus oli va ce us (Per soon ex Ac ha ri us)
J. R. La un don + +

Ha e ma to coc cus plu vi a lis Flo tow + +
Tren te po hlia au rea (Lin na e us) C.Mar ti us +
Ba cil la ri ophyta 
U ni den ti fied Ba cil la ri ophyta + +

So me da ta con si de ring pho to trophs from ca ve en tran ces in Ser bia that are 
pu blis hed so far in di ca te si mi lar fin dings as in Pet ni ca Ca ve (Po po vić et al., 
2015; 2017; 2019; 2020). Cyano bac te ria, mo re pre ci sely coc coid forms we re, 
for exam ple, do mi nant in Bo ža na Ca ve (Po po vić et al., 2015), Ver nji ki ca and 
De gu rić ca ves (Po po vić et al., 2019), Sa mar and Je za va ca ves (Po po vić et al., 
2020). In ma jo rity, Glo e o cap sa and Chro o coc cus we re re cog ni zed as the most 
di ver se ge ne ra. Ge nus Glo e o cap sa was re cog ni zed as the most di ver se ge ne ra 
when three ca ves in we stern Ser bia we re ex plo red (Po po vić et al., 2017). In 
ge ne ral ge nus Glo e o cap sa is re por ted from va ri o us ha bi tats cha rac te ri zed with 
va ri a ble eco lo gi cal cha rac te ri stics, which in di ca te its to le ran ce to a wi de spec ter 
of en vi ron men tal con di ti ons (Cen na mo et al., 2012). 
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Ac cor ding to Czer wik-Mar cin kow ska and Mas sal ski (2018), ca ves re pre-
sent bi o di ver sity cen ters for dif fe rent types of mic ro or ga nisms, espe ci ally for 
cyano bac te ria, which can be very wi de spre ad in ha bi tants of rock sur fa ces in 
ca ves (Al ber ta no, 2012), of ten ma king the main part of the pho to trop hic com-
mu nity in bi o films. Coc coid cyano bac te rial re pre sen ta ti ves are fre qu ent in ha-
bi tants of su ba e rophyti c sur fa ces due to the ir sim pli city and are in ge ne ral 
bet ter adap ted to lo wer light con di ti ons sin ce they to le ra te low ir ra di an ce mo-
re ea sily and thus of ten can be do mi nant (Mu lec et al., 2008 ci ted in Po po vić 
et al., 2015). The pre sen ce of coc coid forms is even seen in fos sils whe re they 
ran ge from “iso la ted sin gle cells, not un com monly en ve lo ped by mul ti la mel lar 
she aths, to pa irs or qu ar tets of she ath-en ve lo ped or she ath-lac king sphe ro i dal 
cells” or “oc cur in lar ge ag gre ga tes of ge o me tri cally or de red or ir re gu larly 
di stri bu ted clo se-pac ked co lo nial cells” (Schopf, 2012) in di ca ting that they 
we re pre sent many ti me ago and ha ve ti me to adapt to va ri o us kinds of en vi-
ron ment. 

Con si de ring Chlo rophyta, De smo coc cus was most fre qu ently re por ted in 
ae rophyti c ha bi tats in ge ne ral (Lo pez-Ba u ti sta et al. 2007). 

Bi o film pa ra me ters (the con tent of wa ter, or ga nic and inor ga nic mat ter), 
to get her with the con cen tra tion of Chl a, are de mon stra ted in Fi gu re 4. Con-
si de ring the wa ter con tent in bi o film sam ples, the hig hest was de ter mi ned in 
the bi o film from sam pling si te P3. Wa ter con tent was hig her than 40% in all 
ot her sam ples too, ex cept in bi o film from P5. On the ot her hand, P5 stands out 
as the sam pling si te whe re the hig hest con tent of or ga nic mat ter was de ter mi-
ned. The inor ga nic mat ter was hig hest at P1, and lo west at P6. In the ti me of 
sam pling, it was no ti ced that bi o films at the se lec ted si tes at the ca ve en tran ce 
we re well hydra ted, which con tri bu ted to hig her con tent in wa ter in al most all 
sam ples. Ho we ver, ac cor ding to Czer wik-Mar cin kow ska and Mas sal ski (2018), 
most Eu ro pean ca ves are mo ist and the ir walls at the en tran ce zo ne are fre qu-
ently co ve red with cyano bac te rial do mi na ted bi o films (Po u lič ko va and Haš ler, 
2007). Cyano bac te rial do mi na ted bi o films are rich in ex tra cel lu lar polyme ric 
sub stan ces (EPS) that are is sec re ted by the mic ro or ga nisms as the glyco calyx, 
she ath or en ve lo pe and which one of the main ro le is wa ter re ta i ning (Al ber-
ta no, 2012). 

Con si de ring the de ter mi ned va lu es of Chl a, the lo west was de ter mi ned 
in bi o film ta ken from P1, and the hig hest in the bi o film from P5. In ge ne ral, 
the hig hest re cor ded va lue of Chl a co in ci des with the hig hest de ter mi ned va-
lue of or ga nic mat ter. By ob ser ving cor re la tion co ef fi ci ents (Ta ble 2), Chl a 
was sig ni fi cantly po si ti vely cor re la ted with the con tent of or ga nic mat ter 
(r=0.904, P=0.013) in Pet ni ca Ca ve. As re por ted by Po po vić et al. (2017), the 
hig hest Chl a was al so de ter mi ned on a sam pling si te whe re the hig hest con tent 
of or ga nic mat ter was re cor ded. Ho we ver, it hap pens very of ten that a po si ti ve 
cor re la tion bet we en the se two pa ra me ters is not ob ser ved, when or ga nic mat-
ter in bi o films ori gi na te not ex clu si vely from pho to trop hic or ga nisms, but al so 
from non-pho tosynthe tic ones (bac te ria, fun gi, dif fe rent or ga nic par tic les that 
are de po si ted from air, dust, wa ter, etc.).
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Fi gu re 4. Chl a concentration (secondary axis), the content of water, organic and  
inorganic matter (primary axis) in biofilm samples from the entrance of Petnica Cave  

(P1–6, sampling sites).

Ta ble 2. Cor re la tion ma trix bet we en Chl a and bi o film pa ra me ters (the con tent of wa ter, 
or ga nic and inor ga nic mat ter in bi o film) sho wing cor re la tion co ef fi ci ents and sig ni fi can ce

Cor re la tion ma trix (Pe ar son):
Va ri a bles Chl a Wa ter (%) Or ga nic (%) Inor ga nic (%)
Chl a 1 -0.472 0.904 -0.881
Wa ter (%) -0.472 1 -0.791 0.027
Or ga nic (%) 0.904 -0.791 1 -0.633
Inor ga nic (%) -0.881 0.027 -0.633 1
Va lu es in bold are dif fe rent from 0 with a sig ni fi can ce le vel alp ha=0.05
p-va lu es (Pe ar son):
Va ri a bles Chl a Wa ter (%) Or ga nic (%) Inor ga nic (%)
Chl a 0 0.344 0.013 0.021
Wa ter (%) 0.344 0 0.061 0.959
Or ga nic (%) 0.013 0.061 0 0.178
Inor ga nic (%) 0.021 0.959 0.178 0

In this study, we al so wan ted to re pre sent which sam pling si tes we re the 
most si mi lar to each ot her, ba sed on the spe ci es com po si tion. Con si de ring NMDS 
(Figure 5), three gro ups of sam pling si tes are di stin gu is hed on the or di na tion 
di a gram. The first gro up is com po sed of P1 and P2 si tes, and the se cond gro-
up of P4, P5 and P6 si tes. The si tes wit hin the sa me gro up are mu tu ally si mi lar. 
Ho we ver, the most dis tant of all, in ot her words, the most dis si mi lar of ot hers 



81

is P3 (up per part of the or di na tion di a gram). P1 and P2 con tain a lo wer num ber 
of re cor ded ta xa com pa red to ot her si tes and the ma jo rity of them (al most all) 
be long to coc coid Cyano bac te ria. On the ot her hand, P4, P5 and P6 are very 
rich in re cor ded ta xa: at all si tes, coc coid, sim ple tric hal Cyano bac te ria and 
Chlo rophyta are re cor ded. P5 and P6 (very clo se to each ot her on the or di na tion 
di a gram) are ad di ti o nally cha rac te ri zed with the pre sen ce of Ba cil la ri ophyta . 
Sam pling si te P3 is the most dis tant from ot hers be ca u se the num ber of re cor ded 
ta xa is so mew he re bet we en the pre vi o usly men ti o ned two gro ups and at this 
si te only Cyano bac te ria are re cor ded – coc coid, as well as sim ple tric hal re-
pre sen ta ti ves. This sam pling si te was al so cha rac te ri zed with the hig hest con-
tent of wa ter in bi o film (Fi gu re 4).

Fi gu re 5. Non-me tric mul ti di men si o nal sca ling (NMDS) sho wing si mi la rity/dis si mi la rity 
bet we en the sam pling si tes P1–6 in Pet ni ca Ca ve ba sed on re cor ded cyano bac te rial and 

al gal ta xa.

CON CLU SI ONS

The sci en ti fic va lue of ca ves due to the de ve lop ment of many dif fe rent 
re se arch fi elds re la ted to them in cre a sed du ring re cent de ca des and many ca ves 
are due to the ir uni que cha rac te ri stics re cog ni zed as pro tec ted si tes. Re se arch 
of pho to trophs can be of gre a ter im por tan ce due to the ir con ser va tion. Pho to-
trop hic mic ro or ga nisms, cyano bac te ria and al gae, we re ex plo red in bi o film 
sam ples col lec ted at the en tran ce zo ne of Pet ni ca Ca ve. Cyano bac te ria we re 
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ex clu si vely do mi nant, but Chlo rophyta and Ba cil la ri ophyta  we re pre sent too, 
tho ugh to a les ser ex tent. Coc coid Cyano bac te ria pre va i led whe re ge ne ra Glo e o
cap sa, Chro o coc cus and Glo e ot he ce we re the most di ver se. Sim ple tric hal 
re pre sen ta ti ves we re al so pre sent, but he te rocyto us ones we re com ple tely ab sent 
from exa mi ned sam ples. By non-me tric mul ti di men si o nal sca ling (NMDS) 
po ten tial si mi la rity/dis si mi la rity was ob ser ved bet we en sam pling si tes ba sed 
on re cor ded ta xa. Three gro ups of si tes we re di stin gu is hed, one with the lo wer 
num ber of re cor ded ta xa (con si sting of al most only coc coid Cyano bac te ria), 
se cond with a high num ber of re cor ded ta xa (all di vi si ons pre sent) and third, 
ma de of only one si te, was cha rac te ri zed with the pre sen ce of all cyano bac te-
rial gro ups. De ter mi ned Chl a was sig ni fi cantly po si ti vely cor re la ted with the 
con tent of or ga nic mat ter.
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ЦИ ЈА НО БАК ТЕ РИ ЈЕ И АЛ ГЕ ИЗ БИ О ФИЛ МА  
СА УЛА ЗНЕ ЗО НЕ ПЕТ НИЧ КЕ ПЕ ЋИ НЕ 

Сла ђа на С. ПО ПО ВИЋ1, Кри сти на М. ПЕ ТРО ВИЋ2, 
Ду ши ца С. ТР НА ВАЦ-БОГ ДА НО ВИЋ3, Дра га на Л. МИ ЛО ШЕ ВИЋ1, 

Ана Д. ГРА О ВАЦ2, Ива на С. ТР БО ЈЕ ВИЋ2, Гор да на В. СУ БА КОВ-СИ МИЋ2

1 Уни вер зи тет у Бе о гра ду, Ин сти тут за хе ми ју, тех но ло ги ју и ме та лур ги ју, 
Институт од националног значаја за Републику Србију,

Цен тар за еко ло ги ју и тех но е ко но ми ку, 
Ње го ше ва 12, Бе о град 11000, Ср би ја

2 Уни вер зи тет у Бе о гра ду, Би о ло шки фа кул тет, 
Сту дент ски трг 16, Бе о град 11000, Ср би ја

3 Уни вер зи тет у Бе о гра ду, Ге о граф ски фа кул тет, 
Сту дент ски трг 3, Бе о град 11000, Ср би ја

РЕ ЗИ МЕ: Зна чај би о фил мо ва у пе ћи на ма, ра зно вр сност ми кро ор га ни за ма 
у њи ма, њи хов ме ђу соб ни од нос, као и од нос са суп стра том, спа да ју у во де ће 
те ме ис тра жи ва ња у по љу ми кро би јал не би о спе ле о ло ги је. Ово ис тра жи ва ње до-
при но си оп штем по зна ва њу би о фил мо ва на ула зи ма пе ћи на, као и по зна ва њу 
фо то троф них за јед ни ца ко је се на ла зе у њи хо вом са ста ву. Има ју ћи то у ви ду, 
ис пи ти ва ни су би о фил мо ви са ула зне зо не Пет нич ке пе ћи не. Све тло сна ми кро-
ско пи ја је по ка за ла да су ци ја но бак те ри је ис кљу чи во до ми нант ни фо то тро фи 
(за бе ле же но је 34 од укуп но 39 так со на), са из у зет ном до ми на ци јом ко ко ид них 
фор ми (28 так со на); три хал не фор ме (хо мо цит ни пред став ни ци) су у би о фил му 
за сту пље не у ма њој ме ри, док су хе те ро цит не пот пу но од сут не. У ро до ви ма Gloeo
cap sa, Chro o coc cus, Glo e ot he ce и Lep tolyngb ya до ку мен то ван је нај ве ћи број так-
со на. Че ти ри ро да зе ле них ал ги ко ја су ина че ка рак те ри стич на за ае ро фит ска 
ста ни шта (Apa to coc cus, De smo coc cus, Ha e ma to coc cus и Tren te po hlia) су та ко ђе 
за бе ле же на, док су пред став ни ци раз де ла Ba cil la ri ophyta  на ђе ни спо ра дич но. 
Ста ти стич ка ана ли за NMDS је по ка за ла да су се пре ма слич но сти, од но сно на осно-
ву так со на ко ји су иден ти фи ко ва ни, одво ји ле три гру пе та ча ка узор ко ва ња. Kван-
титативне ка рак те ри сти ке би о фил ма су та ко ђе про це ње не – од ре ђен је са др жај 
хло ро фи ла а (Chl a), као и са др жај во де, ор ган ске и нео р ган ске ма те ри је. Значајнa 
по зи тив на ко ре ла ци ја (r=0.904, P=0.013) уо че на је из ме ђу са др жа ја ор ган ске мате-
ри је и Chl a.

КЉУЧ НЕ РЕ ЧИ: ае ро фит ски фо то тро фи, ал ге, би о филм, ци ја но бак те ри је, 
Пет нич ка пе ћи на
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AS SES SMENT OF IR RI GA TION WA TER QU A LITY AT  
THE TER RI TORY OF VOJ VO DI NA PRO VIN CE (SER BIA)

AB STRACT: In ten si ve crop cul ti va tion systems re qu i re con ti nu o us mo ni to ring of 
ir ri ga tion wa ter qu a lity as well as the con trol of physi cal and che mi cal soil pro per ti es. In 
vi ew of the on go ing cli ma te chan ge and a dra ma tic dec re a se in soil or ga nic mat ter con tent, 
the use of low qu a lity ir ri ga tion wa ter and its adver se ef fects on soil, cul ti va ted plants and 
ir ri ga tion equ ip ment must not be over lo o ked. The aim of this pa per was to eva lu a te ge ne ral 
qu a lity of ir ri ga tion wa ter from the dif fe rent wa ter in ta ke so u r ces in the Voj vo di na Pro vin-
ce. The pa per pre sents the re sults of ir ri ga tion wa ter qu a lity, col lec ted du ring 2018 and 2019. 
The re se arch in clu ded 140 ir ri ga tion wa ter sam ples ob ta i ned from three dif fe rent in ta ke 
struc tu res which col lect wa ter from wells, ca nals or re ser vo irs. Wa ter qu a lity was as ses sed 
using the fol lo wing pa ra me ters: pH va lue, elec tri cal con duc ti vity (EC), to tal dis sol ved so lids 
(TDS), io nic ba lan ce, so di um ad sorp tion ra tio (SAR) and re si dual so di um car bo na te (RSC) 
va lue. Wa ter qu a lity di a gram gi ven by the US Sa li nity La bo ra tory (USSL) and FAO gu i de-
li nes for in ter pre ta tion wa ter qu a lity for ir ri ga tion was used. Ad di ti o nally, the Nej ge ba u er 
clas si fi ca tion for ir ri ga tion wa ter, de ve lo ped spe ci fi cally for the area of Voj vo di na, was used 
as a third clas si fi ca tion. Ba sed on the re sults of mi ne ra li za tion of the ir ri ga tion wa ter, the 
fol lo wing va lu es of the ob ser ved pa ra me ters we re de ter mi ned: ave ra ge pH of the analyzed 
wa ter sam ples we re 7.89, ran ged from 7.14 to 9.01, whi le elec tri cal con duc ti vity va lu es ran-
ged from 0.10 to 3.50 dS/m, with an ave ra ge of 0.85 dS/m. TDS analysis re sul ted in a wi de 
ran ge of va lu es, from 112 mg/l to 2,384 mg/l, with an ave ra ge of 529,22 mg/l. SAR va lu es 
va ried bet we en 0.04–16.52 with a sa tis fac tory ave ra ge of 1.97. The USSL wa ter clas si fi ca tion 
pro du ced si mi lar re sults as FAO clas si fi ca tion and RSC in dex <0, in di ca ting that 57% of 
in ve sti ga ting sam ples are wit ho ut con cerns for ir ri ga tion use, whe re as Nej ge ba u ers clas si-
fi ca tion and RSC in dex 0–1.25 show that over 75% of analyzed sam ples are su i ta ble and 
sa fe for ir ri ga tion and soil pro per ti es. Sin ce the qu a lity of ir ri ga tion wa ter sig ni fi cantly af fects 
plant pro duc ti vity, as it de ter mi nes the che mi cal and physi cal pro per ti es of agri cul tu ral land, 
mo ni to ring of wa ter qu a lity for ir ri ga tion is of high im por tan ce.

KEYWORDS: ir ri ga tion wa ter, ir ri ga tion wa ter sa li nity, wa ter mi ne ra li za tion, SAR, 
clas si fi ca tion of ir ri ga tion wa ter 
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IN TRO DUC TION

The con ti nu o us growth of the world’s po pu la tion le ads to an in cre a se in 
the use of drin king and ot her types of wa ter ne ces sary for un di stur bed flow 
of nu me ro us pro ces ses. The fact that this na tu ral re so ur ce is en dan ge red by a 
lar ge num ber of fac tors, which ac com pany mo dern so ci ety, is of ten for got ten. 
In agri cul tu ral sec tor, re duc tion of ava i la ble wa ter ac com pa nied by its ir ra ti o-
nal and ina de qu a te use le ads to land de gra da tion, de te ri o ra tion of wa ter qu a lity, 
as well as its li mi ted use. In ad di tion, crop pro duc tion in the open fi eld is thre-
a te ned by glo bal cli ma te chan ge, cha rac te ri zed by in cre a sing air tem pe ra tu res 
and dec re a sing ra in fall, i.e. mo re fre qu ent oc cur ren ce of in ten se dro ught (Vu-
ko vić et al., 2018). Hig her ne ga ti ve im pact of dro ught can be ex pec ted in the 
ne ar fu tu re, whi le the need for ir ri ga tion is ex pec ted to in cre a se from 0.7 to 
11.6% by the mid dle of the 21st cen tury in Ser bia. In ad di tion, by the end of the 
21st cen tury, the wa ter de fi cit may will ha ve in cre a sed by as much as 27 – 35.6% 
(UNDP, 2019). The se re a sons im po se the need to in cre a se the area un der ir ri-
ga tion in our agro-eco lo gi cal con di ti ons. The Wa ter ma na ge ment ma ster plan 
– the stra te gic do cu ments of the Re pu blic of Ser bia (Slu žbe ni list RS, No. 
3/2017) sti mu la te ex pan si on of the ir ri ga tion area by 2034 for ad di ti o nal 100,000 
to 250,000 hec ta res. Mo ni to ring wa ter qu a lity is one of the main re qu i re ments 
for sta ble and su sta i na ble crop pro duc tion gi ven the fact that wa ter, in ad di tion 
to soil, is es sen tial for crop growth and de ve lop ment. 

Mo re o ver, me e ting the ne eds of cul ti va ted plants as well as ex pec ta ti ons of 
agri cul tu ral pro du cers, re qu i res plan ned ir ri ga tion using good qu a lity ir ri ga tion 
wa ter. De fi ning wa ter qu a lity is a pre re qu i si te for as ses sing its ir ri ga tion su i ta bi lity. 
Nu me ro us fac tors in di rectly li mit su i ta bi lity of wa ter for ir ri ga tion, ul ti ma tely 
hin de ring the ac hi e ve ment of high yields and the de si red qu a lity of cul ti va ted 
crops. Ge ne rally, mi ne ral com po si tion of wa ter, the crop spe ci es and the soil type 
are the main in di ca tors of su i ta bi lity of wa ter for ir ri ga tion (Čo lić et al., 2016). 

Soil and cli ma tic con di ti ons in Voj vo di na Pro vin ce can ca u se sa li ni za tion 
of the soil in ir ri ga tion systems, espe ci ally when ir ri ga tion wa ter is mi ne ra li zed 
abo ve the per mit ted le vel. The ac cu mu la tion of wa ter-so lu ble salts in the layer 
of ac ti ve rhi zosp he re of ir ri ga ted so ils can be ex pres sed to such an ex tent that it 
ca u ses se ri o us pro blems in crop cul ti va tion (Ne šić et al., 2003). Re se arch abo ut 
soil sa li ni za tion and wa ter qu a lity for ir ri ga tion in Voj vo di na Pro vin ce we re 
ini ti a ted even be fo re ir ri ga tion de ve lop ment in re gion and con ti nue to be an 
im por tant is sue. With the de ve lop ment of met hods and clas si fi ca ti ons for de-
ter mi ning wa ter qu a lity in the world, na ti o nal ex perts com pa ra ti vely wor ked 
on this is sue (Nej ge ba u er, 1949; Vu čić, 1965; Milj ko vić, 1986a, 1988). The Nej-
 ge  ba u er’s wa ter clas si fi ca tion was pro po sed for agro eco lo gi cal con di ti ons of 
Voj vo di na in 1949 (Vu čić, 1976) and pro vi des fo ur main clas ses. The in flu en-
ce of salts dis sol ved in wa ter on the in fil tra tion pro per ti es of soil, to xi city to 
plant pro duc tion as well as the eco lo gi cal aspect was con si de red by Milj ko vić 
(1986b, 1988) with a new clas si fi ca tion. Furt her cla ri fi ca tion of the Nej ge ba u er’s 
clas si fi ca tion in or der to adapt clas ses and sub clas ses to spe ci fic con di ti ons was 
ma de by Ava ku mo vić (1994). 
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The risk of soil che mi cal and physi cal de gra da tion co mes from ina de qu a te 
ir ri ga tion and low qu a lity of ir ri ga tion wa ter. Vu čić (1987) emp ha si zes that the 
de gra da tion of soil wa ter sta tus and ove rall soil physi cal sta te can be ob ser ved 
in the sur fa ces cul ti va ted with ve ge ta ble crops for lon ger pe ri ods wit ho ut crop 
ro ta tion or use of ma nu re for fer ti li za tion. Ga jić (1999) sta tes that long-term 
ir ri ga tion of cal ca re o us cher no zem and non-cal ca re o us hu mo gley sig ni fi cantly 
dis turb the ir physi cal and mec ha ni cal pro per ti es, com pa red to the non-ir ri ga-
ted so ils, due to a dec re a se in Ca CO3 and hu mus con tent. Soil sa li ni za tion 
ca u sed by ir ri ga tion can oc cur eit her di rectly, by using mi ne ra li zed wa ter for 
ir ri ga tion, or in di rectly, due to a ri se in mi ne ra li zed gro und wa ter if the ad ded 
amo unt of ir ri ga tion wa ter is not con trol led (Dra go vić et al., 1993). 

The three-year long re se arch con duc ted by Dra go vić et al. (2007) in di ca ted 
that the use of sa li ne wa ter (class C3-S1) for ir ri ga tion ca u ses soil sur fa ce sa-
li ni za tion, which can li mit the yields of crops sen si ti ve to even low soil sa li nity. 
Soil sa li ni za tion par ti cu larly oc curs in glassho u se or gre en ho u se ve ge ta ble 
crop pro duc tion when the qu a lity of ir ri ga tion wa ter is not con trol led (Ha džić 
et al., 2004). 

Ne ga ti ve ef fects of mi ne ra li zed wa ter on soil and plants po sed the ne ces-
sity of de ter mi na tion and eva lu a tion of ir ri ga tion wa ter qu a lity (Boš njak, 1994). 
The main fin dings of pre vi o us in ve sti ga ti ons con duc ted by Be lić et al. (2013), 
con cer ning the eva lu a tion of qu a lity of ir ri ga tion wa ter from se ve ral wa ter co-
ur ses (for pe riod 1980–2009) in the Voj vo di na Pro vin ce, show a mild dec re a-
sing trend in wa ter qu a lity and an in cre a sing mi ne ra li za tion trend in most of 
the analysed sam ples of the Da nu be-Tis za-Da nu be Hydro System (DTD HS). 
The wa ters of the Da nu be, Tis za and Be gej we re fo und su i ta ble for ir ri ga tion, 
ex cept in so me ca ses whe re it was re com men ded to mo ni tor the chan ges in 
che mi cal pro per ti es due to the po ten tial adver se ef fects of the se wa ters. 

Ne u tral trend in SAR va lue on the Bez dan-Da nu be Ri ver pro fi le for 1969–
1996 was no ti ced by Sa vić et al. (1997). Analyzing wa ter qu a lity for ir ri ga tion 
of Ba nat wa ter co ur ses (Ka raš, Mo ra vi ca and Ne ra) Ilić et al. (2019) con clu ded 
that the analyzed wa ter co ur ses are su i ta ble for ir ri ga tion but al so re qu i re con-
trol of the to tal salt con tent as well as the SAR ra tio of so di um con cen tra tion 
to cal ci um and mag ne si um (SAR va lue), due to the im pact on soil and plants. 
Clo se con trol of bi car bo na te con cen tra tion is re qu i red be ca u se it has a gre a ter 
po ten tial to ca u se va ri o us adver se ef fects. Con ti nu o us mo ni to ring of soil and 
wa ter qu a lity are ne ces sary for pro per ir ri ga tion ma na ge ment and su sta i na ble 
agri cul tu ral far ming. The aim of this study is to esti ma te and com pa re ove rall 
qu a lity of ir ri ga tion wa ter from dif fe rent wa ter so ur ces in Voj vo di na Pro vin ce 
in or der to pro vi de ge ne ral in sight in to the wa ter qu a lity and en co u ra ge de ve-
lop ment of ir ri ga tion prac ti ce in the re gion. 

MA TE RI ALS AND MET HODS

The pa per exa mi nes the qu a lity of ir ri ga tion wa ter on the ter ri tory of the 
Voj vo di na Pro vin ce, ob ta i ned from three dif fe rent so ur ces: wells, ca nals and 
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re ser vo irs. Sam pling and la bo ra tory analyses we re per for med suc ces si vely 
du ring 2018 and 2019. A to tal of 140 wa ter sam ples (Fi gu re 1) we re analyzed and 
the fol lo wing pa ra me ters we re te sted: pH va lue, elec tri cal con duc ti vity (EC), 
to tal dis sol ved so lids (TDS), io nic ba lan ce – ani ons (car bo na tes, bi car bo na tes, 
chlo ri des, sul fa tes, ni tra tes) and ca ti ons (cal ci um, mag ne si um, po tas si um and 
so di um), and so di um ad sorp tion ra tion (SAR). 

La bo ra tory analyses we re con duc ted at the In sti tu te of Fi eld and Ve ge ta ble 
Crops, The Na ti o nal In sti tu te of the Re pu blic of Ser bia – La bo ra tory for Soil 
and Agro e co logy, ac cre di ted ac cor ding to the stan dard ISO/IEC 17025:2017. 
The pH va lue was de ter mi ned po ten ti o me tri cally, the elec tri cal con duc ti vity 
con duc to me tri cally at 25 °C, and the TDS by eva po ra tion of wa ter in oven at 
105 °C. The con tent of car bo na tes, bi car bo na tes and chlo ri des ac cor ding to 
Mo hr was exa mi ned by ti tri me tric met hods. Sul fa tes we re de ter mi ned by gra-
vi me tric met hod with ba ri um chlo ri de, and ni tra tes by spec trop ho to me tric 
met hod. The ca tion con tent was de ter mi ned on a Vi sta Pro-Va rian ap pa ra tus, 
by the in du ced co u pled ICP-OES pla sma met hod. So di um ad sorp tion ra tio 
(SAR) and re si dual so di um car bo na te (RSC) we re cal cu la ted. 

An as ses sment of ir ri ga tion wa ter qu a lity is gi ven ac cor ding to: 1) RSC in dex 
clas si fi ca tion (RSC), (Ric hards, 1954); 2) The Nej ge ba u er clas si fi ca tion for ir ri ga-
tion wa ter (Nej ge ba u er, 1949); 3) Wa ter qu a lity di a gram gi ven by the US Sa li nity 
La bo ra tory (USSL), US Sa li nity La bo ra tory Staff (1954), and 4) FAO gu i de li nes 
for in ter pre ta tion wa ter qu a lity for ir ri ga tion (FAO), Ayers and We stcot (1985).

Sta ti sti cal analysis in clu ded a to tal of 140 sam ples di vi ded in to 3 ob ser-
va tion gro ups – wells (58), ca nals (72) and re ser vo irs (10). De scrip ti ve sta ti stics 
and sig ni fi can ce of dif fe ren ces we re te sted by Fis her’s le ast sig ni fi cant dif fe-
ren ce test (LSD). Sta ti sti ca for Win dows, ver sion 13 was used for all sta ti sti cal 
da ta pro ces sing.

RE SULTS AND DI SCUS SION

The pH va lu es for the te sted ir ri ga tion wa ter sam ples ran ge bet we en 7.14 
and 9.01 (Ta ble 1). Most of the te sted wa ter sam ples can be clas si fied as ne u tral, 
me di um al ka li ne and strongly al ka li ne. Abo ut 90% of the analyzed wa ters are 
wit hin the al lo wed ran ge ac cor ding to FAO gu i de li nes (pH 6.5–8.4) (Ayers and 
We stcot, 1985). In ad di tion, sig ni fi cant dif fe ren ces we re fo und bet we en the 
three types of wa ter so u r ces, whe re the ob ser ved ave ra ge va lu es ex hi bi ted a 
dec re a sing trend: re ser vo irs> ca nals> wells. 

The elec tri cal con duc ti vity (EC) of the ob ser ved wa ter sam ples va ried in 
the ran ge of 0.10 and 3.50 dS m-1 (Table 1). The va lu es we re in the sa me ran ge 
as shown by the pre vi o us in ve sti ga ti ons (Ne šić et al., 2003; Vra ne še vić et al., 
2016). Only 9% of ob ser ved sam ples had an EC va lue gre a ter than 1.5 dS m-1. 
Ac cor ding to the gu i de li nes for Sa li nity ha zard of ir ri ga tion wa ter (Fol lett and 
Sol tan po ur, 2002; Ba u der et al., 2011) the se sam ples has mo de ra te ha zard, wa-
ter may ha ve adver se ef fects on many crops what re qu i res ca re ful ma na ge ment 
prac ti ce. This oc curs be ca u se the plant ro ots are not able to ta ke up soil wa ter due 
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to high osmo tic po ten tial (Za man et al., 2018). High EC in di ca tes a high de gree 
of sa li nity and high in dex of wa ter so lu te con cen tra ti ons (Thomp son et al., 2012). 

Sta ti sti cally, the lo west ave ra ge va lu es of elec tri cal con duc ti vity we re de-
ter mi ned for wa ter sam ples from the ca nal (0.76 dS m-1). Out of the 140 sam ples 
ob ser ved, only fo ur sam ples sho wed sig ni fi cant li mi ta ti ons in terms of the ir 
su i ta bi lity for ir ri ga tion, re la ti ve to the ir EC va lue (>2.25 dS m-1). As ses sing the 
ca u tion of using sa li ne wa ter for ir ri ga tion, Hop kins et al. 2007 re por ted that, at 
the EC va lue of 1 dS m-1 (salt con tent abo ut 640 mg/l), over 7.5 t of salt per hec-
ta re per year is in tro du ced in to the soil at an ir ri ga tion ra te of 120 l/m2.

In terms of the con tent of TDS, the va lu es of the analyzed wa ter sam ples 
ran ged from 112 to 2,384 mg/l. Sta ti sti cally, the lo west ave ra ge va lue of this 
pa ra me ter (495.68 mg/l) was de ter mi ned for wa ter sam ples ta ken from the 
ca nal (Ta ble 2). Sa li nity is the most im por tant cri te rion for ir ri ga tion wa ter 
qu a lity eva lu a tion (Ghas se mi et al., 1995). High salt con cen tra ti ons pre vent the 
up ta ke of wa ter by plants, thus ca u sing crop-yield re duc ti ons. This oc curs when 
salts ac cu mu la te in the ro ot zo ne to such an ex tent that the crop is no lon ger 
able to ex tract suf fi ci ent wa ter from the salty soil so lu tion, re sul ting in wa ter 
stress for a sig ni fi cant pe riod. The plant symptoms are si mi lar in ap pe a ran ce 
to tho se of dro ught (FAO, 1994). In re la tion to the to tal num ber of sam ples, 60% 
of analyzed wa ter sam ples ex hi bi ted the va lu es be low 480 mg/l which, ac cor ding 
to the clas si fi ca tion of to tal so lu ble salts in wa ter (Hop kins et al., 2007), has 
no sig ni fi cant adver se ef fects on cul ti va ted plants nor ca u ses salt ac cu mu la tion 
in so ils. Ac cor ding to FAO clas si fi ca tion (Ayers and We stcot, 1985), in in ve-
sti ga ted sam ples, only one sam ple (ca nal) ex ce eds va lu es shown for se ve re 
re stric ti ons (>2,000 mg/l). The ma jo rity of analysed sam ples (53.5%) ha ve no 
re stric tion on use re gar ding con cen tra tion of TDS in wa ter. For the ac hi e ve ment 
of full yield po ten tial, 45.7% of the exa mi ned sam ples re qu i re slight to mo de ra te 
re stric ti ons as well as ca re ful se lec tion of crops and ma na ge ment al ter na ti ves. 
Anot her cru cial is sue re la ted to sa li nity or so di city ma na ge ment in agri cul tu re 
is crop se lec tion. Crops vary con si de rably in the ir abi lity to to le ra te sa li ne 
con di ti ons, for exam ple du rum whe at, tri ti ca le or bar ley to le ra te hig her sa li nity 
than ri ce or corn (Ma teo-Sa ga sta and Bur ke, 2010). 

Ac cor ding to the FAO clas si fi ca tion of ir ri ga tion wa ter (Ayers and We st cot, 
1985), chlo ri de con tent in 85.7% of the te sted sam ples is wit hin the ran ge for 
sa fe crop pro duc tion (<70 ppm or <2 meq/l), whi le only 7% of wa ter sam ples 
can af fect ha zard in an ir ri ga ted far ming system, with the pos si bi lity of re du-
cing yield of po ta to es, al fal fa, whe at, corn, Su dan grass, sorg hum, to ma to es 
squ ash, etc. Adver se ef fect of high chlo ri ne con cen tra tion is mo re pro no un ced 
with sprin kler ir ri ga tion, ca u sing le af bur ning (Ma ral, 2010). Sig ni fi cantly 
lo wer va lu es of chlo ri de con tent in wa ter we re fo und in wa ters ori gi na ting from 
ca nals (1.26 meq/l) com pa red to well wa ter and wa ter from re ser vo irs, whe re 
no sta ti sti cally sig ni fi cant dif fe ren ces we re fo und (Ta ble 2).

The ave ra ge ni tra te con tent in the analyzed sam ples was 2.57 mg/l and 
ran ged from 0.01 to 96.76 mg/l (Ta ble 1). The sta ti sti cally hig hest ave ra ge va lues 
bet we en the ob ser ved wa ter so ur ces we re de ter mi ned in wa ter sam ples ta ken 
from wells (5.92 mg/l), whi le the re was no sig ni fi cant dif fe ren ce bet we en ca-
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nal wa ters and re ser vo irs (0.61 and 0.54 mg/l) (Ta ble 2). Ni tra te con tent was 
be low 10 mg/l in 96.5% of analyzed wa ter sam ples, which is the usual va lue 
of this pa ra me ter ac cor ding to the FAO wa ter qu a lity as ses sment (Ayers and 
We stcot, 1994). The hig hest con cen tra ti ons of ni tra te in ir ri ga tion wa ter we re 
ob ser ved in fo ur sam ples ta ken from a well (36.4–96.7 mg/l). In the Voj vo di na 
Pro vin ce che mi cal fer ti li zers or ma nu re is com monly ap plied in or der to add 
nu tri ents to the soil. A ma jor so ur ce of ni tra tes in well wa ter is de ep per co la tion 
from fer ti li zer use on cro pland. Ni tra te from agri cul tu re is the most com mon 
che mi cal con ta mi nant in the world’s gro und wa ter aqu i fers (WWAP, 2013). In 
ad di tion, in the are as of in ten si ve agri cul tu ral pro duc tion, one of the ba sic types 
of gro und wa ter ni tro gen con ta mi na tion is fer ti li za tion, i.e. the ap pli ca tion of 
ex ces si ve do ses of ni tro gen (Sut har et al., 2009; Gao et al., 2012). Ot her im por tant 
so ur ces of N in wells in clu de le ac hing from sep tic pe at, ani mal ma nu re, land 
ap pli ca tion of mu ni ci pal or in du strial slud ge, etc. (Ray and Jain, 1998). Wa ters 
with high ni tro gen con tent, be si des da ma ging the en vi ron ment, can com pro-
mi se crop qu a lity, ex cess ve ge ta ti ve growth, e.g. im pacts ma tu rity, and/or 
sto ra bi lity which is of high im por tan ce for crop such as po ta to, su gar be et, 
grass seed ap ples (Hop kins et al., 2007). 

In vi ew of the con tent of sulp ha te in wa ter (SO4), no dif fe ren ces we re 
fo und bet we en the ob ser ved wa ter so ur ces (Ta ble 2). The ave ra ge con tent of 
the se ions was 1.03 meq/l ran ging from 0.02 to a ma xi mum of 10.15 meq/l 
(Ta ble 1). In the lar gest num ber of the te sted sam ples (96%) the va lu es did not 
ex ce ed 3 meq/l (144 ppm). The hig hest con tent of sulp ha te in in ve sti ga tion was 
10.2 meq/l (489,5 ppm) so ur ced from a ca nal. Wa ters con ta i ning mo re than 
1,000 mg/l sul fa tes are to xic to plant he alth, growth and de ve lop ment (Gho ra ba 
et al., 2013). Con si de ring the ob ser ved low amo unt of sul fa te, cur rent con cen-
tra ti ons of the se ions po se no sig ni fi cant thre ats.

Ta ble 1. De scrip ti ve sta ti stics, ave ra ge va lu es of the analyzed pa ra me ters.

Analyzed 
pa ra me ters Me an Min Max Per cen ti-

le 25%
Per cen ti-
le 75% St. dev. Co ef. var.

pH va lue 7.89 7.14 9.01 7.59 8.20 0.41 5.16
EC  (dS/m) 0.85 0.10 3.50 0.51 0.99 0.52 61.26
TDS (mg/l) 529.22 112.00 2384.00 316.50 588.50 345.44 65.27

CO3
2- (meq/l) 0.24 0.00 2.08 0.00 0.34 0.42 176.99

HCO3
- (meq/l) 7.06 1.63 35.24 4.03 8.79 4.30 60.93

Cl- (meq/l) 1.29 0.00 9.69 0.47 1.53 1.63 126.42
SO4

2- (meq/l) 1.03 0.02 10.15 0.25 1.21 1.39 135.99
NO3-N (mg/l) 2.57 0.01 96.76 0.06 1.04 11.02 428.39
Ca2+ (meq/l) 3.31 0.41 13.80 2.25 3.74 1.92 58.01
Mg2+ (meq/l) 3.47 0.17 13.58 1.72 4.52 2.33 67.00

K+ (meq/l) 0.24 0.01 4.60 0.08 0.20 0.50 207.35
Na+ (meq/l) 3.39 0.08 16.62 1.31 4.35 3.10 91.53

SAR 1.97 0.04 16.52 0.80 2.42 2.10 106.68
RSC 0.51 -12.82 21.58 -1.12 0.94 3.80 739.57
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One of the im por tant in di ca tors of ir ri ga tion wa ter qu a lity is the con tent 
of car bo na tes (CO3

2-) and bi car bo na tes (HCO3
2-). The re sults of the study ex-

hi bi ted the ave ra ge va lue of the se ions at 0.24 (CO3
2-) and 7.06 meq/l (HCO3

2-), 
as shown in Tab 1. Sig ni fi cantly lo west bi car bo na te con tent (HCO3

2-) was fo und 
in wa ter from the ca nal, whi le sig ni fi cantly lo west car bo na te con tent (CO3

2-) 
was ob ser ved in well wa ter (Ta ble 2). Over 83% of the ob ser ved sam ples ha ve 
a bi car bo na te con tent abo ve 3 meq/l which can ha ve a ne ga ti ve im pact on crop 
pro duc tion. At va lu es abo ve 3.3 meq/l, cor rec tion/tre at ment of such wa ters is 
ne ces sary (Mor gan and Gra ham, 2019) in or der to re du ce the ir ne ga ti ve ef fects. 
Ac cor ding to FAO (1994), when using over head sprin klers, the re is no re stric-
tion on use of wa ters ha ving HCO3

- less than 1.5 meq/l, but the re is slight to 
mo de ra te adver se im pact on use of wa ters ha ving HCO3

- of 1.5-8.5 meq/l, and 
se ve re re stric tion for HCO3

- gre a ter than 8.5 meq/l (Ca par et al., 2016) (Ta ble 1). 
Ac cor ding to the re sults of Sha ha bi et al. (2005) bi car bo na te in ir ri ga tion wa ter 
is one of the fac tors that ca u ses nu tri ti o nal im ba lan ces in plants dis rup ting the 
ab sorp tion and tran slo ca tion of nu tri ents, par ti cu larly Fe and Mn, by the plant 
ro ots. When wa ter con ta i ning dis sol ved HCO3

- is ap plied to the soil sur fa ce in 
the pre sen ce of suf fi ci ent Ca2+ (and/or Mg2+) ions, it can re sult in the for ma tion 
of inor ga nic car bo na tes such as cal ci te (Ca CO3) or do lo mi te (CaMg(CO3)2) 
(Su a rez, 1999; Es hel et al., 2007; San der man, 2012). 

The pro cess dec re a ses the ir re ac ti ve abi lity in com pe ti tion with Na+ ions 
to wards the ex chan ge com plex of clay, le a ding to so di um per me a bi lity ha zard. 
In such cir cum stan ces, the con cen tra tion of Na+ ions in the soil so lu tion in cre-
a ses and ca u ses de com po si tion of struc tu ral ag gre ga tes, which sig ni fi cantly 
re du ces wa ter per me a bi lity of soil, nu tri ent up ta ke and ro ot pe ne tra tion, and 
in ten si fi es soil de gra da tion (Do me ni co and Schwartz, 1990; Todd and Mays, 
2005). Wa ter in fil tra tion pro blems ca u sed by ex cess so di um are ea si er to pre-
vent than to re medy (Hop kins et al., 2007). Wa ter so di city can be mi ti ga ted 
thro ugh the ju di ci o us use of cal ci um-con ta i ning amend ments such as gypsum 
(Ca SO4.2H2O). Re la ti ve to ot her amend ments, gypsum is che ap and easy to 
han dle, and by far the most su i ta ble amend ment to bring down ir ri ga tion wa ter 
so di city (the ra tio of so di um to cal ci um + mag ne si um), as re por ted by Hop kins 
et al. (2007) and Za man et al. (2018).

The cha rac te ri stics of the te sted wa ter sam ples, i.e. the usa bi lity of wa ter 
for ir ri ga tion we re con si de red and com pa red ac cor ding to the gu i de li nes of the 
US Sa li nity La bo ra tory (Ric hards, 1954), Fi gu re 2b. This clas si fi ca tion con si-
ders the risk of sa li ni za tion and al ka li za tion ba sed on two SAR and EC pa ra-
me ters. The USSL wa ter clas si fi ca tion di a gram do es not pre sent an EC over 
2.25 dS m-1 the re fo re, in or der to ac com mo da te hig her wa ter sa li nity le vels, 
Sha hid and Mah mo u di (2014) ha ve mo di fied the USSL Staff (1954) wa ter clas-
si fi ca tion di a gram by ex ten ding wa ter sa li nity up to 30 dS m-1. 

In terms of the ir usa bi lity for ir ri ga tion, most sam ples in the study (57%) 
are mo de ra tely sa li ne, clas si fied in class C2-S1, whi le 38% be long to class 
C3-S1. Sa li ne (C3) to me di um sa li ne (C2) wa ter, with a low con tent of so di um 
(S1), can ca u se sa li ni za tion, but not al ka li za tion, in po orly dra i ned so ils.
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a)

b)
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c)

  

d)

Figure 2. Proportion of water samples according to classifications: a) RSC; b) USSL; 
c) Nejgebauer; d) FAO
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Ta ble 2. Ir ri ga tion wa ter qu a lity pa ra me ters I and ani o nic con tent. 

Wa ter So ur ce pH 
va lu e 

EC 
(dS/m)

TDS
(mg/l)

CO3
2- 

(meq/l)
HCO3

- 

(meq/l)
Cl- 

(meq/l)
SO4

2- 
(meq/l)

NO3-N 
(mg/l)

W
el

l

Average 7.71c 0.97ab 625.67ab 0.07c 8.93ab 1.13b 0.90a 5.92a
Min 7.14 0.10 215.00 0.00 1.95 0.00 0.02 0.01
Max 8.49 2.55 1699.00 0.90 21.80 6.11 7.82 96.76
Stdv. 0.33 0.47 331.08 0.19 3.56 1.38 1.42 17.65

C
an

al

Average 7.95b 0.76c 459.68c 0.28b 5.85c 1.26c 1.11a 0.61b
Min 7.21 0.26 112.00 0.00 1.63 0.07 0.07 0.01
Max 8.61 3.50 2384.00 2.08 35.24 8.20 10.15 4.45
Stdv. 0.38 0.53 340.30 0.44 4.54 1.40 1.42 0.68

R
es

er
vo

ir Average 8.31a 0.92b 570.10b 0.83a 6.80ab 2.31ab 1.02a 0.54b
Min 7.21 0.51 269.00 0.00 3.93 0.19 0.08 0.03
Max 9.01 2.27 1319.00 1.70 11.62 9.69 3.68 1.51
Stdv. 0.57 0.59 365.42 0.58 2.24 3.46 1.10 0.50

Ta ble 3. Ir ri ga tion wa ter qu a lity pa ra me ters II and ca ti o nic con tent. 

Wa ter So ur ce Ca2+ 
(meq/l)

Mg2+ 
(meq/l)

K+ 
(meq/l)

Na+ 
(meq/l) SA R RSC

W
el

 l

A ve ra ge 4.50a 4.40b 0.22a 3.60a 1.99a 0.10a
Min 0.41 0.17 0.01 0.08 0.04 -12.82
Max 13.80 13.58 4.60 15.98 16.52 14.76
Stdv. 2.56 2.86 0.71 3.50 2.60 4.13

C
a n

a l

A ve ra ge 2.64bc 2.66c 0.27a 3.25a 1.98a 0.83a
Min 0.89 0.73 0.03 0.68 0.50 -3.50
Max 5.00 10.02 1.94 16.62 11.71 21.58
Stdv. 0.76 1.61 0.35 2.81 1.78 3.75

R
e s

er
 vo

 i r A ve ra ge 2.45b 4.98ab 0.14a 3.34a 1.72a 0.20a
Min 1.05 2.56 0.04 0.81 0.46 -2.80
Max 5.99 6.65 0.35 9.77 4.82 4.41
Stdv. 1.48 1.36 0.12 3.28 1.56 2.12

Fi gu re 2. Pro por tion of wa ter sam ples ac cor ding to clas si fi ca ti ons: a) RSC; b) USSL; c) 
Nej ge ba u er d) FAO.

Si mi lar re sults we re re por ted by Ne šić et al. (2003) who po in ted out good 
qu a lity of wa ters clas si fied as C2-S1 ac cor ding to the US Sa li nity La bo ra tory, 
whi le mo de ra te re stric tion is pro po sed when using wa ters clas si fied as C3-S1, 
due to hig her EC and TDS. Only 3% of wa ter sam ples te sted in this study (C3-S2 
and C4-S2) be long to high sa li nity and al ka lity clas ses (Fi gu re 2b). Con ti nu o us 
use of such wa ter qu a lity over a long pe riod of ti me can in cre a se sa li nity and 
al ka li nity in so ils. Läuchli and Ep stein (1990) po in ted out the ef fect of sa li nity 
on growth and de ve lop ment of plants in dif fe rent ways, such as osmo tic ef fects, 
spe ci fi cion to xi city and/or nu tri ti o nal di sor ders.
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Alt ho ugh the Nej ge ba u er clas si fi ca tion was cre a ted 50 years ago, thro ugh 
the con tent of Ca2+, Mg2+, Na+ and K+ and the TDS, it simply and ea sily pro vi des 
a re li a ble as ses sment of the usa bi lity of wa ter for ir ri ga tion (Be lić et al., 2003). 
Ac cor ding to this clas si fi ca tion, the lar gest num ber of analyzed sam ples are 
pla ced in I and II class, ex cel lent (36%) and good (41%), 12% are wa ters which 
need ad di ti o nal te sting (III class), whi le 11% of te sted sam ples are not su i ta ble for 
ir ri ga tion (Fi gu re 2c). Sin ce Nej ge ba u er clas si fi ca tion gi ves spe cial emp ha sis on 
the ra tio (Ca+Mg):Na, for the fi nal eva lu a tion of III class wa ters (wa ters that 
need ad di ti o nal te sting) per for ming sup ple men tary analyses and clas si fi ca tion 
are ju sti fied (pH, chlo ri de con tent, bi car bo na tes con tent, EC, sul fa tes con tent, 
FAO clas si fi ca tion, RSC in dex, soil te sting, etc.) in or der to bet ter un der stand 
wa ter qu a lity. In ad di tion to the USSL clas si fi ca tion, which is glo bally ac cep-
ted, the analysis of wa ter ac cor ding to Nej ge ba u er sig ni fi cantly co in ci des with 
the clas si fi ca tion of sam ples ac cor ding to the RSC in dex. As the pa ra me ters 
of Voj vo di na wa ters are analyzed ac cor ding the two clas si fi ca ti ons, they can 
be, along with EC and SAR, a re li a ble and fast pre dic tor of ir ri ga tion wa ter 
qu a lity.

The mo di fied FAO gu i de li nes for in ter pre ta tion wa ter qu a lity for ir ri ga-
tion (Ayers and We stcot, 1985) in clu de de ta i led analyses of the ef fect of salts 
dis sol ved in ir ri ga tion wa ter on in fil tra tion pro per ti es of soil and the to xic 
ef fects of cer tain ions, such as Na+ and Cl-, on plants. Ac cor ding to the sa li ni-
za tion and in fil tra tion cri te ria, 57% of the te sted sam ples ha ve sa tis fac tory 
qu a lity wit ho ut the need for re stric tion du ring use, whi le 42% of the ob ser ved 
sam ples are cha rac te ri zed with re stric ti ons in the slight to mo de ra te ran ge. 
Only one test sam ple ex ce eds the va lu es shown for se ve re re stric ti ons, re spec-
ti vely user will ex pe ri en ce soil and crop ping pro blems or re du ced yields using 
this wa ter for ir ri ga tion. The FAO clas si fi ca tion in di ca ted that a ma jo rity of 
the sam ples do not ha ve re stric tion re gar ding to xi city of Cl (91%) and Na (59%). 
The rest of sam ples be long to the gro up slightly to mo de ra te re stric tion re gar-
ding both to xic ele ments. Si mi lar fin dings we re ob tain by Vra ne še vić et al. (2016) 
in ve sti ga ting ir ri ga tion wa ter qu a lity from ar ti fi cial re ser vo irs on Fruš ka Gora. 
The FAO clas si fi ca tion con si de red to get her pro du ced si mi lar re sults as the 
USSL wa ter clas si fi ca tion. Furt her mo re, Nej ge ba u er clas si fi ca tion of wa ter 
su i ta ble for ir ri ga tion a bit ove re sti ma te FAO gu i de li nes if bo ut clas ses are 
con si de red to get her (ex cel lent and good). The re sults of the FAO clas si fi ca tion 
of wa ter su i ta bi lity for ir ri ga tion ob ta i ned we re not al ways in ac cord with the 
ot her esti ma tes (Be lić et al., 2003), espe ci ally when the ha zards of sa li ni za tion 
or dis tur ban ce of soil in fil tra tion pro per ti es we re analysed.

CON CLU SION

Ba sed on the analysis of ir ri ga tion wa ter qu a lity in Voj vo di na, the con-
clu sion is that the vast ma jo rity of wa ter sam ples are good qu a lity and can be 
used for ir ri ga tion wit ho ut con cern. Ho we ver, a small num ber of the te sted 
ir ri ga tion wa ter sam ples <10% can ha ve an adver se im pact in terms of soil 
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sa li ni za tion and plant pro duc tion. Su sta i na ble use of the se wa ters re qu i res 
spe cial soil ma na ge ment met hods, good dra i na ge, high le ac hing abi lity or wa-
ter tre at ment. Sig ni fi cantly lo wer va lu es of chlo ri de con tent in wa ter we re 
fo und in wa ters ori gi na ting from ca nals (1.26 meq/l) com pa red to well wa ter 
and wa ter from re ser vo irs. The wa ter pH re ac tion in the study area is ne u tral 
to al ka li ne. HCO-3 do mi na tes among ani ons, whi le the do mi nant ca ti ons are 
Na+ and Ca2+ and Mg2+. Over 83% of the ob ser ved sam ples ha ve a bi car bo na-
te con tent abo ve 3 meq/l which can ha ve a ne ga ti ve im pact on crop pro duc tion. 
The USSL wa ter clas si fi ca tion pro du ced si mi lar re sults as FAO clas si fi ca tion 
and RSC in dex <0, in di ca ting that 57% of in ve sti ga ting sam ples are wit ho ut 
con cerns for ir ri ga tion use whe re as Nej ge ba u ers clas si fi ca tion and RSC in dex 
0–1.25 shows that over 75% of analyzed sam ples are su i ta ble and sa fe for ir ri-
ga tion and soil pro per ti es.

Sin ce the qu a lity of ir ri ga tion wa ter sig ni fi cantly af fects plant pro duc ti-
vity, as it de ter mi nes the che mi cal and physi cal pro per ti es of agri cul tu ral land, 
mo ni to ring of wa ter qu a lity for ir ri ga tion is of high im por tan ce. Furt her re se-
arch sho uld in clu de exa mi na ti on of a lar ger num ber of pa ra me ters, in clu ding 
the con tent of ha zar do us and har mful sub stan ces.
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ОЦЕ НА КВА ЛИ ТЕ ТА ВО ДЕ ЗА НА ВОД ЊА ВА ЊЕ  
СА ТЕ РИ ТО РИ ЈЕ АП ВОЈ ВО ДИ НЕ

Стан ко Б. МИ ЛИЋ1, Ду ша на Д. БА ЊАЦ1, Јо ви ца Р. ВА СИН1,  
Јор да на М. НИН КОВ1, Бо ри вој С. ПЕ ЈИЋ2, Ива на Б. БА ЈИЋ1, Бран ка Љ. МИ ЈИЋ1

1 Ин сти тут за ра тар ство и по вр тар ство, 
Ин сти тут од на ци о нал ног зна ча ја за Ре пу бли ку Ср би ју, 

Мак си ма Гор ког 30, Но ви Сад 21000, Ср би ја 
2 Уни вер зи тет у Но вом Са ду, По љо при вред ни фа кул тет,

Де парт ман за ра тар ство и по вр тар ство,
Трг До си те ја Об ра до ви ћа 8, Но ви Сад 21000, Ср би ја

РЕ ЗИ МЕ: У ин тен зив ним си сте ми ма га је ња би ља ка, по ред кон тро ле фи зич-
ких и хе миј ских осо би на зе мљи шта, нео п ход но је вр ши ти и кон ти ну и ра но 
праћењe квалит етa во де за на вод ња ва ње. У све тлу на до ла зе ћих кли мат ских 
про ме на, као и за бри ња ва ју ћег опа да ња са др жа ја ор ган ске ма те ри је, не сме ју се 
за не ма ри ти и не по вољ не по сле ди це при ме не во де нео д го ва ра ју ћег ква ли те та на 
на вод ња ва но зе мљи ште, га је не биљ ке и опре му за на вод ња ва ње. У ра ду су при-
ка за ни ре зул та ти ква ли те та во де ко ја се ко ри сти за на вод ња ва ње, при ку пље ни 
то ком 2018. и 2019. го ди не. Ис тра жи ва ње је об у хва ти ло 140 узо ра ка во де из раз ли-
чи тих во до за хва та по ре клом из по вр шин ских бу на ра, ка нал ске мре же и аку му ла-
ци ја за на вод ња ва ње. За оце ну ква ли те та во де ана ли зи ра ни су сле де ћи па ра ме три: 
pH вред ност, елек тро про во дљи вост (EC), су ви оста так, јон ски би ланс, као и ко е-
фи ци јент ад сорп ци је на три ју ма (SAR) и вред ност ре зи ду ал ног на три јум-кар бо на та 
(RSC). Уо би ча је но је да се за ову на ме ну ко ри сти и кла си фи ка ци ја пре ма Аме рич-
кој ла бо ра то ри ји за сла ти не (USSL) као и FAO про це на ква ли те та во де за на вод ња-
ва ње. За про сто ре АП Вој во ди не раз ви је на је и Неј ге ба у е ро ва кла си фи ка ци ја ко ју 
смо та ко ђе ис ко ри сти ли за по тре бе оце њи ва ња. На осно ву ре зул та та ми не ра ли-
за ци је во де за на вод ња ва ње, утвр ђе не су сле де ће вред но сти по сма тра них па ра-
ме та ра: про сеч но из ра чу на та pH вред ност ана ли зи ра них во да из но си ла је 7,89 
(min=7,14, max=9,01), вред но сти елек тро пр о во дљи во сти кре та ле су се у оп се гу 
од 0,10 до 3,50 dS/m, са про сеч ном вред но шћу 0,85 dS/m. У од но су на вред но сти 
су вог оста та ка, ис пи ти ва не вред но сти кре та ле су се у ши ро ком оп се гу, од 112 mg/l 
до 2.384 mg/l, с про сеч ном вред но шћу 529,22 mg/l. SAR вред но сти ва ри ра ле су 
у оп се гу 0,04–16,52 и за до во ља ва ју ћим про се ком од 1,97. Кла си фи ка ци ја пре ма 
Аме рич кој ла бо ра то ри ји за сла ти не (USSL) по ка зу је слич не ре зул та те као ФАО 
кла си фи ка ци ја и RSC ин декс <0, ука зу ју ћи на то да 57% ис тра жи ва них узо ра ка 
ни је за бри ња ва ју ће за упо тре бу у на вод ња ва њу. Неј ге ба у еро ва кла си фи ка ци ја и 
RSC ин декс 0–1,25 по ка зу ју да је пре ко 75% ана ли зи ра них узо ра ка по год но и зa 
на вод ња ва ње и си гур но за очу ва ње фи зич ко хе миј ских свој става зе мљи шта. Буду-
ћи да ква ли тет во де за на вод ња ва ње зна чај но ути че на про дук тив ност би ља ка, 
као и да зна чај но мо же ути ца ти на хе миј ске и фи зич ке осо би не по љо при вред ног 
зе мљи шта, пра ће ње ква ли те та во де за на вод ња ва ње од из у зет не је ва жно сти. 

КЉУЧ НЕ РЕ ЧИ: EC, јон ски би ланс, ква ли тет во де за на вод ња ва ње, SAR
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THE USE OF DE GRA DED PE A TLANDS  
FOR BI O MASS PRO DUC TION

AB STRACT: The goal of this re se arch is an as ses sment of the pos si ble use of pe a tlands 
bi o mass and straw for the pro duc tion of mi xed bio-pel lets. Pe aty so ils are a spe ci fic type of 
so ils for med as the re sult of we tlands dra i na ge. Pe at mi ning is com ple ted by the fac tory if 
the layer of the pe at is less than 1–2 me ters and not eno ugh de ep for ef fec ti ve mec ha ni cal 
ex ca va ti on. Af ter the pe at ex ca va ti on is fi nis hed, the big gest pro blem is the use of the se lands 
for ot her pur po ses. One of the per spec ti ve di rec ti ons is re wet ting of post-mi ning pe a tlands 
to sti mu la te the growth of com mon reed, cat tail, fe scue, sed ge, and ot her gras ses which may 
grow in na tu ral con di ti ons, and al so im pro ve con di ti ons for the cul ti va tion of ot her plants, 
in clu ding tre es. The yield of we tland grass in Be la rus va ri es from 8.1 to 14 DM g ha-1 per 
year. The yield of wil low wo od can re ach 8–10 of DM g ha-1 per year. The hig hest pri me cost 
of bi o mass is ob ta i ned for wil low wo od, but it will be lo wer with the en lar ge ment of the 
plan ta tion area. Pel lets with a high con tent of wo od re si du es (saw dust) ha ve the best tec hno-
lo gi cal pa ra me ters in clu ding ca lo ri fic va lue when com pa red to pel lets from only pe at and 
pe at plus straw. Bi o mass pro duc tion on de gra ded pe aty so ils has al so an eco lo gi cal ef fect. 
The cost of car bon qu o tas on the mar ket va ri es from 20 to 25 eu ro per ton, and bi o mass 
pro duc tion can pro vi de ad di ti o nal pro fit in the ca se of CO2 emis si ons tra ding de pen ding on 
the bi o mass con tent in the fuel.

KEYWORDS: pe a tlands, bi o mass pro duc tion, short-ro ta tion cop pi ce, wil low

IN TRO DUC TION

Soil is a fun da men tal na tu ral re so ur ce and the ba sis for all ter re strial li fe. 
So ils are the fo un da tion for agri cul tu re and ecosystem fun cti o ning and they are 
re spon si ble for 95% of the glo bal food pro duc tion (FAO, 2019). Ho we ver, so ils 
are a non-re ne wa ble re so ur ce as they are cha rac te ri zed by a high de gra da tion 
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po ten tial and slow re ge ne ra tion ra tes. As a re sult, 33% of so ils are mo de ra tely 
to highly ex ha ust due to de gra da tion and it has been esti ma ted that every year 
ap pro xi ma tely 12 mil lion hec ta res of agri cul tu ral so ils are lost. 

The re fo re, soil de gra da tion is a se ri o us en vi ron men tal pro blem to day be-
ca u se of its im pact on the physi cal, che mi cal, and bi o lo gi cal soil qu a lity and 
de te ri o ra tion of soil he alth. 

Ac cor ding to FAO’s “Sa ve and Grow”, the de fi ni tion of soil he alth is “the 
ca pa city of soil to fun ction as a li ving system. He althy so ils ma in tain a di ver-
se com mu nity of soil or ga nisms that help to con trol plant di se a se, in sect and 
we ed pests, form be ne fi cial symbi o tic as so ci a ti ons with plant ro ots, recycle 
es sen tial plant nu tri ents, im pro ve soil struc tu re with po si ti ve ef fects for soil 
wa ter and nu tri ent hol ding ca pa city, and ul ti ma tely im pro ve crop pro duc tion. 
He althy soil al so con tri bu tes to mi ti ga ting cli ma te chan ge by ma in ta i ning or 
in cre a sing its car bon con tent” (FAO, 2011). 

The dri vers of soil de gra da tion may be the loss of or ga nic mat ter, a dec li ne 
in soil fer ti lity and struc tu ral con di ti ons (over com pac tion), ero sion, adver se 
chan ges in sa li nity, aci dity, or al ka li nity, and the ef fects of to xic che mi cals, 
pol lu tants, or ex ces si ve flo o ding (NSW, 2019). As a re sult, it is not pos si ble to get 
high yields of de man ding agri cul tu ral crops on de gra ded so ils be ca u se of the 
low con tent of nu tri ents and wic ked struc tu re. In ac cor dan ce, the fun da men tal 
task is re co ve ring or re cul ti va tion of de gra ded so ils. The re are se ve ral ba sic 
di rec ti ons of soil re cul ti va tion for furt her prac ti cal use: wa ter re ser vo irs con-
struc tion, hor ti cul tu re, agri cul tu re, and fo re stry. The ef fec ti vity of bi o lo gi cal 
re cul ti va tion de pends on two fac tors: re qu i re ments of crops re gar ding the soil 
fer ti lity and the dyna mic of bi o mass ac cu mu la tion. Phyto mass sti mu la tes the 
ac ti vity of soil mic ro or ga nisms and sup pli es su sta i na bi lity of soil ecosystems.

The re fo re, soil de gra da tion is a re ver si ble pro blem and the re ne wa ble 
bio mass pro duc tion is an ef fec ti ve so lu tion for bi o lo gi cal rec la ma tion of so ils. 
Su sta i na ble ma na ge ment of de gra ded so ils on the ba se of energy crops ena bles 
a gra dual rec la ma tion of soil fer ti lity and gets ad di ti o nal bi o mass for ene rgy 
ne ces sary for pre sent and fu tu re ge ne ra ti ons. The re are se ve ral aspects of the 
pre fe ren ce of ene rgy crops for de gra ded so ils ma na ge ment. The first is that 
most of the ene rgy crops are not so de man ding to soil con di ti ons as agri cul tu-
ral crops, and the se cond, bi o mass may be used as fuel de spi te the con tent of 
so me soil pol lu tants, li ke he avy me tals or ra di o nuc li des. For exam ple, wo od 
bi o mass for energy is lar gely pro du ced in Eu ro pe from fo rest land as a re sult 
of sil vi cul tu ral and ma na ge ment prac ti ces or from agri cul tu ral land in the form 
of fast-gro wing plan ta ti ons. The to tal ag gre ga ted ava i la ble po ten tial in Eu ro pe 
is 76 Mm3 of wo od bi o mass from the fo rests, with an ad di ti o nal 90 Mm3 from 
in cre a sing the uti li za tion of fo rest lands, and 98 Mm3 from fast-gro wing plan-
ta ti ons (Mo la-Yude go et al., 2017). Of co ur se, not every type of soil is su i ta ble 
for energy crop pro duc tion. This pa per fo cu ses on energy crop pro duc tion on 
de gra ded pe aty so ils which are su i ta ble for su sta i na ble re ne wa ble bi o mass 
pro duc tion, but not com pe ti ti ve for agri cul tu ral crops when com pa red to fer-
ti le so ils. Pe aty so ils are a spe ci fic type of so ils for med as the re sult of we tlands 
dra i na ge. Dra i na ge of we tlands is used ma inly for two ba sic re a sons: pe at 
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mi ning or agri cul tu ral crops gro wing. The de gra ded pe aty so ils can be for med 
as a re sult of both types of ac ti vity. They are so ils cha rac te ri zed by big loss of 
or ga nic mat ter, but high con tent of sand, with bad struc tu re and low fer ti lity. 
Pe at ob ta i ned af ter we tlands dra i na ge and its mi ning can be used as fos sil fuel, 
or ga nic fer ti li zer, the sub stra te for gre en ho u se crops, and so on. Pe at is not a 
re ne wa ble re so ur ce and pe at mi ning is not an en dless pro cess. Pe at mi ning is 
com ple ted by the fac tory if the layer of the pe at is less than 1–2 me ters and not 
eno ugh de ep for ef fec ti ve mec ha ni cal ex ca va ti on. Af ter the pe at ex ca va ti on is 
fi nis hed, the big gest pro blem is the use of the se lands for ot her pur po ses. So ils 
for med af ter pe at mi ning (post-mi ning pe aty so ils) are very he te ro ge nic but 
ge ne rally cha rac te ri zed by a high le vel of aci dity, po or nu tri ent con tent, low 
fer ti lity, and po or struc tu re. As a re sult, it can be very pro ble ma tic to grow 
tra di ti o nal agri cul tu ral crops that ha ve spe cial re qu i re ment of soil fer ti lity in 
tho se are as. Post-mi ning pe aty so ils are not fa vo u ra ble for gro wing any cul tu-
ral plants for se ve ral years, with the most cri ti cal pe riod be ing the ti me af ter 
plan ting crops (Mo si ej et al., 2012). This type of soil co vers hun dreds of tho-
u sands of hec ta res and it is si mi lar to de serts in terms of bi o di ver sity for se-
ve ral years af ter pe at mi ning (Fi gu re 1). 

Fi gu re 1. Post-mi ning pe a tlands, Li da re gion, Re pu blic of Be la rus (Aut hors pho to)

The dra i na ge of we tlands for agri cul tu ral pur po ses is anot her re a son for 
pe aty soil de gra da tion. Only in the Re pu blic of Be la rus, sin ce the mid dle of 
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the 19th cen tury, the re has been dra i ned abo ut 2.9 mil lion hec ta res of we tlands 
for crops gro wing (Rod zkin et al., 2012). Fer ti le pe aty so ils ha ve been used 
mostly for gro wing of wi de-ro w cul tu res li ke po ta to, ma i ze, or be ets. The 
prac ti ce of wi de-ro w cul tu res gro wing im pli es a lot of in ter-ro w mac hi ning. 
As the re sult of ac ti ve oxygen ad mis sion, the or ga nic com po und of pe aty so ils 
was mi ne ra li zed and fer ti le pe aty so ils we re al so gra du ally tran sfor med in to 
de gra ded sandy-pe aty so ils.

The se are as can be used for se ve ral pur po ses, such as fo re sta tion, flo o ding 
and fis hing, gro wing cran ber ri es, and ot hers. Of co ur se, it is ne ces sary to use 
ad di ti o nal me a su res for soil rec la ma tion. For exam ple, mi ne ral fer ti li zers, pe-
sti ci des, and plant growth re gu la tors must be used for cran ber ri es plan ta ti ons. 
Ho we ver, the re sul ting cran ber ri es pro duc tion might not be pro fi ta ble, de spi te 
the high pri ce of the pro duct. One of the per spec ti ve di rec ti ons is re wet ting 
post-mi ning we tlands to sti mu la te the growth of com mon reed, cat tail, fe scue, 
sed ge, and ot her grass which can grow in na tu ral con di ti ons, and al so im pro ve 
con di ti ons for the cul ti va tion of ot her plants, in clu ding tre es. Bi o mass may be 
used for pel let pro duc tion. The goal of this re se arch is an as ses sment of the 
pos si ble use of we tlands bi o mass for the pro duc tion of mi xed pe aty bio-pel lets. 
The se kinds of pel lets are of spe cial in te rest be ca u se pe at is a non-re ne wa ble 
re co ur se and the im por tant task is to dec re a se its use for fuel by mi xing with 
bi o mass. 

MA TE RIAL AND MET HODS

Our ex pe ri ments we re do ne on post-mi ning pe aty so ils in Grod no re gion, 
Li da dis trict (Re pu blic of Be la rus), clo se to the Li da Pe at Fac tory (LPF), the 
big gest pe at bri qu et te com pany pro duc tion in the re gion. The de gra ded pe aty 
so ils are very he te ro ge nic with dif fe rent con tent of nu tri ents and dif fe rent de-
com po si tion of the pe at. It is ne ces sary to apply cul tu ral prac ti ce su i ta ble for 
the con cre te type of pe aty soil. The ex pe ri ments in ve sti ga ted the pos si bi lity of 
ob ta i ning bi o mass from na tu ral grass (com mon reed) and plan ta ti ons of short 
ro ta tion cop pi ce (SRC) wil low. Reed was har ve sted every year and wil low 
every three years. The straw of ce re als and ra pe from agri cul tu ral land clo se 
to the pe a tlands we re al so con si de red as a pro spec ti ve so ur ce of bi o mass.

For the esti ma tion of we tland bi o mass, fi ve typi cal plots we re cho sen 
wit hin the ex pe ri men tal fi eld. The yield was cal cu la ted by we ig hting in the 
fi eld on the ba se of 4 re pli ca ti ons af ter ma nual mo wing. Mo i stu re and ash 
con tent and ca lo ri fic va lue of bi o mass we re esti ma ted in the la bo ra tory. 

The con tent of me tals in bi o mass (Pb, Cd, Zn, Cu, Ni, Cr) was de ter mi ned 
by the X-ray flu o re scen ce met hod (RFA). 

Pel lets from pe at and bi o mass (pe aty-bi o) we re pro du ced using gra nu la tor 
Gem ko Energy (Chi na). Straw and wo od chips we re pre vi o usly mil led, pe at 
and bi o mass we re si e ved in to frac ti ons of 1–3 mm and mi xed la ter. 

Kinds of pel lets we re gi ven in Tabs.
As a con trol, va ri ant pe aty pel lets we re pro du ced.
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A com ple tely ran do mi zed de sign was used for sta ti sti cal analysis. The 
ex pe ri men tal da ta ob ta i ned as a re sult of the stu di es we re pro ces sed using the 
met hods of dis per sion analysis ba sed on the sta ti sti cal pro grams Ex cel and 
Sta ti sti ca 10.

RE SULTS AND DI SCUS SION

Com mon reed is the do mi nant (most spread) spe ci es on dra i ned we tlands 
are as in Eu ro pe. It is a tall, thin, highly pro duc ti ve grass mostly di stri bu ted in 
Eu ro pe (Shur pa li et al., 2010). Reed is in te re sting for the mar ket in Eu ro pe and 
no wa days the ef forts to re wet and re sto re dra i ned we tlands in cre a sed the reed 
gro wing area (Wic hmann and Köbbing, 2015). Com mon reed and ot her na tu-
ral gras ses are per spec ti ve so ur ces of bi o e nergy from we tland are as that do 
not re qu i re new fer ti le ara ble lands. In agri cul tu ral prac ti ce, spe cial mac hi nes 
and equ ip ment must be used and adap ted for we tlands are as. The sig ni fi cant 
fluc tu a tion of we tland bi o mass pro duc ti vity is di rectly con nec ted with the na-
tu ral con di ti ons of the area. The yield of com mon reed bi o mass in Be la rus 
va ried from 8.1 to 14.0 DM g ha-1 per year and it is com pe ti ti ve with ot her 
re sults (Rod zkin et al., 2017). For exam ple, in Chi na dry bi o mass yield of com-
mon reed ran ged bet we en 3.8–36.0 DM g ha-1 per year de pen ding on the lo ca-
tion (Shu ai et al., 2016). The yield ac hi e ved on non-agri cul tu ral land for reed 
ca nary grass in Sco tland ran ged from 4 to 7 DM g ha-1 per year (Lod, 2015). 
Du ring this pe riod two har vests we re ta ken and the re was no ad di ti o nal fer ti-
li za tion, apart from ad ding li mi ted amo unts of sub se qu ent nu tri ents. 

The per spec ti ve pos si bi lity for de gra ded pe aty soil rec la ma tion is the cul-
ti va tion of energy crops for bi o mass. For in stan ce, per spec ti ve cul tu re for 
de gra ded pe aty so ils is short ro ta tion cop pi ce tre es, in clu ding wil low (Ku zov-
ki na and Mar tin, 2005). Short ro ta tion cop pi ce is the term used for fast-gro wing 
tre es that may re ach up to 4–5 me ters he ight in 3 years. The plan ta tion of SRC 
tre es can exist 20–25 years with the har ve sting of wo od every 3–5 years. The main 
use of SRC tre es is bi o mass used for elec tri city and he a ting. Energy fo rests 
plan ta ti ons ha ve been al ready in tro du ced in Swe den (Di mi tri ou and Aron sson, 
2005), Po land (Mo si ej et al., 2012), Ger many (Schwe i er and Bec ker, 2012), and 
ot her Eu ro pean co un tri es, and in North and So uth Ame ri ca (Abra ham son et 
al., 2002). The yield of wil low wo od on de gra ded pe aty so ils in our ex pe ri ments 
can re ach 8–10 of DM g ha-1 per year (Rod zkin et al., 2013). The or di nary yield 
of wil low for mi ne ral fer ti le so ils va ri es from 10 to 15 DM g ha-1 per year (Ro-
sen qvist and Daw son, 2005). It is hig her than the yield of wil low from we tlands, 
but post-mi ning pe aty lands are not su i ta ble for or di nary agri cul tu ral crops and 
the use of de gra ded so ils for SCR crops al so has a po si ti ve en vi ron men tal ef fect. 

The straw of bar ley and ra pe we re ob ta i ned from agri cul tu ral so ils aro und 
the pe aty fac tory. The yield of bar ley straw va ried from 3 to 3.5 DM g ha-1, 
ra pe straw from 3.5 to 4 DM g ha-1. 

Bi o mass of wo od or straw can be used for bi o gas pro duc tion, for he at pro-
duc tion em ployin g di rect fi ring, and for pel lets pro duc tion (Rod zkin et al., 2019). 
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Anyway, from the en vi ron men tal po int of vi ew, an im por tant cha rac te ri stic is 
the con tent of he avy me tals in bi o mass be ca u se me tals will be emit ted to the 
en vi ron ment la ter. 

The re sults of me a su ring the he avy me tals con tent in bi o mass are pre sen-
ted in Ta ble 1.

Ta ble 1. Con tent of he avy me tals in sam ples of bi o mass

Me tal 
Con tent in bi o mass, mg/kg DM

Wil low wo o d Re ed hay Bar ley straw Ra pe straw Whe at straw
Zn 1,598.7 46.3 147.7 83.2 61.5
Cu 154.7 61.5 34.2 18.2 20.2
Cr 4.6 10.8 41.7 9.2 8.7
Ni 3.7 2.8 10.9 1.3 7.3
Cd 0.5 1.2 2.8 0.1 1.1
Pb 2.4 2.7 16.5 3.8 4.6

Wil low re si du es con tain se ve ral ti mes mo re Zn and Cu, but less Cd, Pb, 
and Cr if com pa red with reed hay and straw. The hig hest con tent of Pb, Cd, 
Cr, and Ni was in bar ley straw. The re fo re, bar ley straw is mo re pol lu ted bi o-
mass and wil low re si du es cle a ner. Ne vert he less, the con tent of he avy me tals 
in all sam ples of straw was si mi lar and de pen ded mostly on soil cha rac te ri stics.

The cal cu la tion of the pri me cost of energy from a dif fe rent type of bi o-
mass ha ve been do ne de pen ding on the ca lo ri fic va lue of fe ed stock, cost of 
har ve sting, tran spor ta tion, mil ling, and drying. All types of fe ed stock we re 
tran sfor med in to iden ti cal bi o mass (con tents of wa ter and frac tion of bi o mass) 
for real com pa ri son. The re sults of the cal cu la tion are pre sen ted in Ta ble 2.

Ta ble 2. The pri me cost of ene rgy from a dif fe rent type of fe ed stock 

Fe ed stoc k Con tent of 
wa ter (%)

Frac tion,
mm

Ca lo ri fic va lue
(kJ/kg)

Cost of bi o mass
(Eu ro/t)

Cost of energy
(Eu ro/GJ )

Wo od 10 5 18,500 30.5 1.64
Straw of ce re als 10 5 16,000 14.4 0.90
Straw of ra pe 10 5 15,500 17.2 1.11
Ha y 10 5 15,500 16.4 1.06

The hig hest pri me cost of bi o mass was ob ta i ned for wil low wo od. Our 
cal cu la ti ons ha ve been do ne for the area of wil low plan ta tion of 100 hec ta res. 
The pri me cost will be lo wer with the en lar ge ment of the plan ta tion area. The 
mar ket cost of wo od chips is very dif fe rent and not sta ble. In Be la rus, for in-
stan ce, it va ried from 25–50 eu ro per ton. The hig hest pri me cost of energy was 
al so for wo od. 

The ba sic tec hno lo gi cal cha rac te ri stics of pel lets are the con tent of wa ter 
and ash and ca lo ri fic va lue. The re sults of our re se arch for dif fe rent types of 
pel lets are pre sen ted in Ta ble 3.
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Ta ble 3. Tec hno lo gi cal cha rac te ri stics of pel lets

Ma te rial of pel lets 
Cha rac te ri stic 

Con tent of wa ter 
(%) Ash (%) Ca lo ri fic va lue 

(kJ/kg)
Ca lo ri fic va lue

(kCal/kg)
Pe at (100%) 14.2 2.81 17,565.7 4,193.17
Pe at/straw (75/25) 11.0 2.95 17,083.6 4,078.09
Pe at/straw (50/50) 10.5 3.00 17,190.0 4,103.48
Pe at/straw (25/75) 8.4 4.15 17,434.8 4,161.93
Pe at/saw dust (75/25) 10.9 2.04 17,459.5 4,167.82
Pe at/saw dust (50/50) 9.8 2.04 17,720.0 4,230.00
Pe at/saw dust (25/75) 7.7 1.30 18,374.8 4,386.31

The hig hest hu mi dity had pel lets from pe at. It can be ex pla i ned by the 
fact that the ori gi nal hu mi dity of pe at was two ti mes hig her if com pa red with 
straw or saw dust. As a re sult, with the in cre a se of the ra tio of bi o mass in pel-
lets the con tents of wa ter tends to dec re a se. The hig hest con tent of ash was in 
pel lets with a high ra te of straw (75%). Wo od re si du es ha ve the lo west con tent 
of ash and the con tent of ash in straw is hig her than in pe at. High hu mi dity and 
ash con tent dec re a se the ca lo ri fic va lue of the fuel. As our ex pe ri ments ha ve 
shown, the fuel with a high con tent of wo od re si du es (saw dust) has the best 
tec hno lo gi cal pa ra me ters in clu ding ca lo ri fic va lue.

One mo re advan ta ge of pe aty bio-pel lets is that, in ac cor dan ce with the 
Kyoto Pro to col and Pa ris Agre e ments, the emis si ons of gre en ho u se ga ses in 
the pro cess of re ne wa ble bi o mass uti li za tion for ene rgy are not ta ken in to con-
si de ra tion for the de fi ni tion of car bon qu o tas. Bi o mass, in clu ding grass re si du es 
and wo od, is “ne u tral” fuel for cli ma te chan ge (Kun das et al., 2015). As a re sult 
of pho tosynthe sis, the plants can ac cu mu la te car bon di o xi de (CO2) and an equ-
i va lent vo lu me of car bon di o xi de can be emit ted in to the air du ring bi o mass 
com bu stion for energy pro duc tion. The cost of car bon qu o tas on the mar ket 
va ri es from 20 to 25 eu ros per ton (Mar kets In si der, 2019). It me ans that bi o-
mass pro duc tion can pro vi de ad di ti o nal pro fit in the ca se of CO2 emis si ons 
tra ding de pen ding on the bi o mass con tent in the fuel. 

CON CLU SION

Soil de gra da tion is a se ri o us en vi ron men tal pro blem to day be ca u se of its 
im pact on the physi cal, che mi cal, and bi o lo gi cal soil qu a lity and de te ri o ra tion 
of soil he alth. Ne vert he less, it is a re ver si ble pro cess be ca u se su sta i na ble ma-
na ge ment of de gra ded so ils on the ba se of energy crops ena bles a gra dual 
rec la ma tion of soil fer ti lity and gets ad di ti o nal bi o mass for energy. This pa per 
fo cu ses on energy crops pro duc tion on de gra ded pe aty so ils and pol lu ted so ils 
which are su i ta ble for su sta i na ble re ne wa ble bi o mass pro duc tion, but not for 
agri cul tu ral crops. De gra ded pe aty so ils co ver hun dreds of tho u sands of hec-
ta res and they are not fa vo ra ble for gro wing any cul tu ral plants. One of the 
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per spec ti ve di rec ti ons is the re wet ting of post-mi ning pe a tlands to sti mu la te 
the growth of com mon reed, cat tail, fe scue, sed ge, and ot her gras ses that can 
grow in na tu ral con di ti ons, and al so im pro ve con di ti ons for the cul ti va tion of 
ot her plants, in clu ding tre es. The yield of we tland grass in Be la rus va ri es from 
8.1 to 14,0 DM g ha-1 per year. Anot her pos si bi lity for de gra ded pe aty land 
ma na ge ment is the cul ti va tion of spe cial energy crops for bi o mass in clu ding 
wil low. The yield of wil low wo od on de gra ded pe aty so ils can re ach 8–10 of 
DM g ha-1 per year. The hig hest pri me cost of bi o mass was ob ta i ned for wil low 
wo od, and its pro duc tion can al so be pro fi ta ble. Our cal cu la ti ons ha ve been 
do ne for the area of wil low plan ta tion of 100 hec ta res, but the pri me cost will 
be lo wer with the en lar ge ment of the plan ta tion area. The mar ket cost of wo od 
chips is very dif fe rent and not sta ble. In Be la rus, for in stan ce, it va ri es from 
25–50 eu ro per ton, and in Eu ro pe up to 100 eu ros per ton. 

Bi o mass from we tlands and clo se agri cul tu ral lands (straw) can be used 
for the pro duc tion of mi xed pe aty bio-pel lets. The se kinds of pel lets are of 
spe cial in te rest be ca u se pe at is a non-re ne wa ble re co ur se and the im por tant 
task is to dec re a se its use for fuel by mi xing with bi o mass. As our ex pe ri ments 
ha ve shown, the pel lets with a high con tent of wo od re si du es (saw dust) ha ve 
the best tec hno lo gi cal pa ra me ters in clu ding ca lo ri fic va lue if com pa red with 
pel lets from only pe at and pe at plus straw. 

Bi o mass pro duc tion on de gra ded pe aty so ils has not only eco no mic but 
al so eco lo gi cal ef fects. The cost of car bon qu o tas on the mar ket va ri es from 
20 to 25 eu ro per ton and bi o mass pro duc tion can pro vi de ad di ti o nal pro fit in 
the ca se of emis sion tra ding de pen ding on the bi o mass con tent in the fuel.
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УПО ТРЕ БА ДЕ ГРА ДИ РА НИХ ТРЕ СЕТ НИХ ЗЕ МЉИ ШТА  
ЗА ПРО ИЗ ВОД ЊУ БИ О МА СЕ

Олег И. РОД КИН1, Eвгeнија В. ЧЕРНЕНОK1, Бо ри вој Ђ. КР СТИЋ2

1 Бе ло ру ски на ци о нал ни тех нич ки уни вер зи тет,
Не за ви сно сти 65, Минск 220123, Бе ло ру си ја

2 Уни вер зи тет у Но вом Са ду, При род но-ма те ма тич ки фа кул тет,
Де парт ман за би о ло ги ју и еко ло ги ју,

Трг До си те ја Об ра до ви ћа 2, Но ви Сад 21000, Ср би ја

СА ЖЕ ТАК: Про из вод ња би о ма се на де гра ди ра ним тре сет ним ста ни шти ма 
не ма са мо еко ном ски ефе кат не го и еко ло шки зна чај јер до во ди до ре кул ти ва ци је 
ста ни шта по сле ва ђе ња тре се та са тре се ти шта. Циљ овог ис тра жи ва ња би ла је 
про це на мо гућ но сти ко ри шће ња дрв не би о ма се и сла ме тре сет ња ка за про из вод њу 
пе ле та као об но вљи вих из во ра енер ги је. На кон за вр шет ка ис ко па тре се та нај ве ћи 
про блем је осва ја ње и ко ри шће ње ових зе мљи шта за дру гу на ме ну. Је дан од пер-
спек тив них пра ва ца је ре ви та ли за ци ја тре се ти шта под сти ца јем ра ста тр ске и дру-
гих вр ста тра ва ко је мо гу да ра сту у при род ним усло ви ма, а та ко ђе по бољ ша ва ју 
усло ве за уз гој дру гих би ља ка, укљу чу ју ћи др ве ће, у пр вом ре ду за са де вр бе. Пе лет 
са ви со ким са др жа јем дрв них оста та ка (пи ље ви на) има нај бо ље тех но ло шке пара-
ме тре, укљу чу ју ћи ка ло риј ску вред ност у по ре ђе њу са пе ле том са мо од тре се та и 
тре се та са сла мом. Про из вод ња би о ма се на де гра ди ра ним тре сет ним зе мљи шти-
ма има и еко ло шки ефе кат. Тро шко ви кво та за угље ник на тр жи шту ва ри ра ју од 
20 до 25 еу ра по то ни, а про из вод ња би о ма се мо же пру жи ти до дат ни про фит у 
слу ча ју тр го ва ња еми си ја ма CO2 и за ви си од са др жа ја би о ма се у го ри ву.

КЉУЧ НЕ РЕ ЧИ: тре се ти шта, про из вод ња би о ма се, за са ди крат ке ро та ци је, 
вр ба
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SCRIP TING LAN GU A GES FOR  
GE O MORP HO LO GI CAL MO DEL LING AND  

TO PO GRAP HIC VI SU A LI ZA TION OF SER BIA

AB STRACT: Scrip ting car to grap hic tec hni que is a new met hod of ge o spa tial da ta 
vi su a li za tion – espe ci ally with the ma tic map ping such as ge o morp ho lo gi cal mo dels. The 
pur po se of this study was to ex plo re the use of Ge ne ric Map ping To ols (GMT) and R for 
ge o morp ho lo gi cal and to po grap hic map ping of Ser bia using free open da ta sets (DEM, SRTM/
GEB CO, Open Stre et Map). Cur rent trend in edu ca tion and re se arch of dis tan ce-ba sed and 
on li ne-ba sed edu ca tion sug gests that ap pli ca tion of free high-re so lu tion da ta for mo del ling 
and map ping by open so ur ce car to grap hic to ol sets are mo re li kely to re sult in de ep ge o spa-
tial analysis of the ge o morp ho logy of Bal kans with as so ci a ted ge o grap hic phe no me na: 
hydro logy, so ils, ve ge ta tion, ge o logy. Pre sen ted frag ments of scripts aim to de mon stra te the 
tec hni cal usa ge of R and GMT co ding in car to grap hic wor kflow with a ca se study on Ser bia. 
Using qu a li ta ti ve de scrip ti ve car to grap hic ap pro ach to vi su a li ze the slo pe, aspect and ter rain 
ele va ti ons over the co un try and the ‘ra ster’ pac ka ge pro vi ded by R, it was fo und that the 
ge o morp ho logy of Ser bia spa ti ally dif fers in so ut hern and nort hern parts of the co un try re-
sul ting in re gi o nal ge o lo gic evo lu tion and tec to nic dyna mics of the Bal kan for ma tion. The 
pre sen ted maps por trayed ge ne ral di stri bu tion of the land forms in Ser bian re gion of Bal kans. 
The re se arch con tri bu tes to the met ho do lo gi cal de ve lop ment and te sting of the car to grap hic 
tec hni qu es as well as ge o morp ho lo gi cal and en vi ron men tal stu di es of Ser bia.

KEYWORDS: R, pro gram ming lan gu a ge, GMT, script, ge o morp ho logy, Ser bia, map-
ping, car to graphy

IN TRO DUC TION

Qu a li ta ti ve car to grap hic da ta vi su a li za tion and spa tial analysis are the es sen-
tial steps in ge o grap hic re se arch. Plot ting maps, graphs, and mo dels re pre sen ting 
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Fi gu re 1. Map of Ser bia. Left: GMT map ping. Right: Open Stre et Map, R. So ur ce: aut hor.
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the phe no me na of the Earth’s ob jects pre sent car to grap hic fin dings which in 
turn can sig ni fi cantly help in furt her re se arch re la ted to the Earth sci en ces 
(ge o lo gi cal, en vi ron men tal, ge o morp ho lo gi cal and lan dsca pe stu di es). Ho we ver, 
it can be chal len ging, sin ce the re is not one ac cep ted and uni ver sal car to grap hic 
met hod for da ta vi su a li za tion and GIS map ping due to the wi de va ri ety of GIS. 
Analysis of ter ri tory is an es sen tial part in en vi ron men tal stu di es which in vol ves 
such pro ces ses as da ta se arch and cap tu re, da ta pro ces sing and vi su a li za tion, 
da ta in ter pre ting and mo del ling. At the sa me ti me, the pro cess of car to grap hic 
da ta analysis is re qu i red to be se lec ti ve and syste ma tic whi le applying cri te ria 
for da ta qu a lity with ari sing qu e sti ons (Ra ster or vec tor? Ge ne ral or the ma tic? 
To po grap hic or en vi ron men tal? Lar ge-sca led or small-sca led? Fi ne-re so lu tion 
or me di um (or even co ar se) re so lu tion?) and GIS to ols for da ta pro ces sing and 
map ping. De spi te the se chal len ges in the car to grap hic wor kflow, en vi ron men tal 
map ping is al ways well worth the ef fort, sin ce the re sults con tri bu te to the in-
cre a se of the ge ne ral pool on re se arch fo cu sed on the su sta i na ble de ve lop ment 
and en vi ron men tal mo del ling of the Earth.

The re is no shor ta ge of pu bli ca ti ons on the Bal kan and Cen tral Eu ro pean 
en vi ron ment and eco logy, land co ver types and ge o logy (see e.g. Mar ko vić et al., 
2020; Cvet ko vić et al., 2004; Ger zi na & Dje rić, 2017; Kla u čo et al., 2013a, 2013b; 
Joó et al., 1981). The re are al so re la ted pa pers on using GIS, spa tial analysis 
and da ta mo del ling in en vi ron men tal stu di es (Ma ro vić et al., 2002; Su e to va, 
2005; Le men ko va, 2020a, 2020b; Kla u čo et al., 2014, 2017; Le men ko va et al., 
2012; Lindh, 2004; Schen ke & Le men ko va, 2008). Ho we ver, the re is not much 
of spe ci fic re fe ren ce to using pro gram ming lan gu a ges and scrip ting to ol sets 
in car to grap hic da ta pro ces sing. The re are va ri o us pu bli ca ti ons on using com-
mer cial GIS in ge o grap hic stu di es and en vi ron men tal mo ni to ring but no ne of 
them ful fill the re qu i re ments of the open so u r ce pro gram ming li bra ri es and 
scrip ting to ols which cor re spond to mo dern car to graphy.

In con trast with exi sting re se arch on en vi ron men tal stu di es of Ser bia and 
Bal kans (Bok horst et al., 2009; Auf ge ba u er et al., 2012; Alex et al., 2019; Vi-
do je vić et al., 2020) this ar tic le first di scus ses car to grap hic is su es of using the 
Ge ne ric Map ping To ols (GMT) re le vant to high-qu a lity da ta map ping. In ad-
di tion, the co de snip pets used for vi su a li za tion of the da ta are pre sen ted for 
re pe a ta bi lity with a de ta i led tec hni cal ex pla na ti on on da ta pro ces sing. Furt her-
mo re, the re fe ren ce is ma de to the GMT styles that we re ap plied for to po grap hic 
map ping of Ser bia (spe ci fic co des of the most im por tant GMT mo du les ‘grd cut’, 
‘psba se map’, ‘grd con to ur’, ‘psco ast’ and ‘pstext’ are pre sen ted and ex pla i ned 
in bri ef). 

The R li bra ri es for vi su a li za tion of the free ge o da ta sets and the ir geomor-
phological mo del ling are pre sen ted using R pro gram ming lan gu a ge (R Co re 
Te am 2020). The se in clu de such pac ka ges as ‘tmap’ (Ten ne kes, 2018), ‘Open-
Stre et Map’ and ‘ra ster’ as well as the de pen dent li bra ri es (‘ggplot2’, ‘maps’, 
‘sp’, ‘sf’). Furt her mo re, so me exam ples of fun cti ons pre sen ted in R flags we re 
de scri bed and ex pla i ned and car to grap hic re sults we re com pa red. This is then 
fol lo wed by the di scus sion of re sults on ge o morp ho lo gi cal mo del ling of the 
slo pe, aspect and to po grap hic ele va tion de pic ting the ge o morp ho logy of Ser bia 
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by using scrip ting car to grap hic ap pro ach to qu a li ta ti ve spa tial ge o grap hic re-
se arch. Fi nally, the re is a re com men da tion on furt her stu di es and con si de ra tion 
of the open so ur ce da ta sets ap pli ca bi lity (such as Open Stre et Maps) in ge o-
morp hic stu di es and ways of car to grap hic vi su a li zing and mo del ling of such 
da ta for spa tial analysis. 

DA TA AND MET HODS

A lar ge num ber of ap pro ac hes can be ap plied to car to grap hic da ta vi su-
a li za tion and ge o morp ho lo gi cal mo del ling whe re the re se arch fo cus and pre-
fer red cho i ce of GIS will in flu en ce ge o spa tial analysis. The ge o morp ho lo gi cal 
mo del ling de pends on whet her the da ta are used as a set of the ra ster grids that 
re la te to a par ti cu lar ter ri tory or vec tor fi les (e.g. Arc GIS ESRI .shp for mat). 
Anot her is sue con cerns a pro cess of da ta col lec tion, in ter pre ta tion and ge o-
spa tial analysis that may in clu de ad di ti o nal set of da ta or ga ni zed in layers for 
map ping layouts used for 3D and 2D ter rain mo del ling. This pa per pre sents a 
com bi na tion of qu an ti ta ti ve and qu a li ta ti ve ge o morp ho lo gi cal re se arch, whe re 
the in put ge o da ta are analyzed fol lo wing da ta cap tu re using scrip ting ap pro-
ac hes of the GMT and R. The re are fol lo wing stra te gi es using in this pa per for 
ge o morp ho lo gi cal analysis.

The da ta cap tu re has been per for med from the two so ur ces: 1) GEB CO/
SRTM da ta set (GEB CO Com pi la tion Gro up, 2020) used for plot ting Fi gu re 1 
(to po grap hic map of Ser bia); 2) Em bed ded da ta sets in R using pac ka ges ‘Open-
Stre et Map’ and ‘ra ster’. Be si des GEB CO grid, the ETO PO1 can al so be used 
as a re pla ce ment (Le men ko va, 2020e) which has a lo wer fi le si ze com pa ring 
to GEB CO, alt ho ugh lo wer re so lu tion as well. Af ter da ta col lec tion is com ple-
te, the set of da ta is fo cu sed upon, whe re da ta mo del ling and car to grap hic 
vi su a li za tion is a se pa ra te step fol lo wing da ta cap tu re. 

The to po grap hic map (Fi gu re 1) has been plot ted by GMT car to grap hic 
scrip ting to ol set (Wes sel & Smith, 1995) using met ho do lo gi cal ap pro ach di-
scus sed in de ta ils in exi sting re le vant tec hni cal pa pers (Le men ko va, 2019a, 
2019b). The map ping has been ba sed on the se qu en ce of co des by mo du les for 
plot ting car to grap hic ele ments (Le men ko va, 2019c):

• Mo du le ‘grd cut’ for se lec ting study area: gmt grd cut GEB CO_2019.nc 
-R18/24/41/47 -Gser bia_re li ef.nc 

• Mo du le ‘gr di ma ge’ for vi su a li zing the ra ster: gmt gr di ma ge ser bia_re li ef.
nc  -Cmyocean.cpt -R18/24/41/47 -JM6i -P -I+a15+ne0.75 -Xc -K > $ps

• Mo du le ‘psba se map’ for ad ding car to grap hic grid with ticks and ti tle: gmt 
psba se map -R -J -Bpx1f0.5a1 -Bpyg1f0.5a1 -Bsxg1 -Bsyg1 -B+t"To po-
grap hic map of Ser bia" -O -K >> $ps

• Mo du le ‘grd con to ur’ for mo del ling iso li nes (to po grap hic con to urs with a 
span every 1,000 m): gmt grd con to ur ser bia_re li ef.nc  -R -J -C1000 -W0.1p 
-O -K >> $ps

• Mo du le ‘psco ast’ for ad ding bor ders and ri vers: gmt psco ast -R -J -P -Ia/
thin ner,blue -Na -N1/thic kest,red -W0.1p -Df -O -K >> $ps
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• Mo du le ‘pstext’ for ad ding text an no ta ti ons: gmt pstext -R -J -N -O -K 
-F+jTL+f14p,Hel ve ti ca−Nar row−Ob li que,black+jLB -Gwhi te@30 -Wthin-
nest >> $ps << EOF 20.0 44.1 Bel gra de EOF

• Mo du le ‘psxy’ for ad ding po ints (cir cle for ca pi tal city of Bel gra de with 
co or di na tes in LON/LAT con ven tion): gmt psxy -R -J -Sc -W0.5p -Gyel low 
-O -K << EOF >> $ps 20.0 44.0 0.3c EOF
The exam ples gi ven abo ve il lu stra te the prin ci ple of GMT fun cti o na lity 

which per forms map ping in a step wi se pro gram ma ble man ner si mi lar to the 
pro gram ming lan gu a ge and scrip ting ap pro ac hes used in ge o sci en ces for da ta 
analysis and pro ces sing (e.g. Le men ko va, 2019d, 2019d, 2019f). The fi nal map 
ma de in GMT is pre sen ted in Fi gu re 1 (left). 

The next step in da ta analysis in clu ded the use of R li brary ‘Open Stre et-
Map’ for da ta vi su a li za tion in Fi gu re 1 (right). This has been plot ted using 
li bra ri es ‘maps’, ‘ggplot2’, ‘Open Stre et Map’ and de pen dent ‘sp’ of R. First, the 
da ta co or di na tes ha ve been gi ven using LAT/LON con ven tion by the fol lo wing 
two co des: ‘up per_left <- c(48, 18.0)’ and ‘lo wer_right <- c(40.0, 24)’ whe re 
the co or di na tes for the cor ners of the map we re de fi ned. Then the map in 
Fi gu re 1 (right) was mo de led on a screen using the fol lo wing co de: ‘map_osm 
<- open map(up per_left, lo wer_right, type = c('esri-to po'))’. Af ter wards the map 
has been vi su a li zed using com mand ‘plot(map_osm). 

The third step in re se arch met ho do logy in clu ded ge o morp ho lo gi cal analy-
sis using the two ma jor li bra ri es of R; ‘ra ster’ (used for mo del ling slo pe, aspect, 
hil lsha de and vi su a li zing DEM ba sed ele va tion), and ‘tmap’ used for car to-
grap hic map ping. The most im por tant fun cti ons of the ‘tmap’ in clu ded the 
fol lo wing ones. The ge ne ral style of the layout was de fi ned using the ‘tmap_
style’ fun ction. Then the ra ster was vi su a li zed using the ‘tm_sha pe’ fun ction: 
‘tm_sha pe(slo pe, na me = "Slo pe", ti tle = "Slo pe")’. The sca le bar on all the 
maps has been ad ded by the fun ction ‘tm_sca le_bar ()’ with set up pa ra me ters 
(po si tion, co lor, text). 

The ‘tm_com pass()’ fun ction has been used for pre sen ting com pass ori-
en ted star in the lo wer left cor ner of the maps (Fi gu re 2 and 3). The main car to-
grap hic vi su a li za tion has been set up using the ‘tm_layout()’ fun ction whe re 
a va ri ety of pa ra me ters was adju sted (le gend, po si tion and text, ti tle, hi sto grams 
on da ta di stri bu tion, mar gins, among ot hers). The ticks on the grid ha ve been 
de fi ned using the fun ction ‘tm_gra ti cu les()’ with a set up text si ze, co lor, fre qu-
ency of step. All the maps ha ve been plot ted in RStu dio (RStu dio Te am 2017).

The ge o spa tial da ta sets are usu ally vi su a li zed in to a di gi tal form for clo ser 
study and analysis (Gohl et al., 2006; Jo si mo vić & Pu car, 2010; Kel ler et al., 2020; 
Kuhn et al., 2006). This con cerns the car to grap hic wor kflow tec hni qu es as well. 
Da ta sets such as ra ster grids, Open Stre et Map ti les, vec tor layers, con to ur li nes 
of ri vers and co un try bo un da ri es may not be ge o pro jec ted and the re fo re ad di-
ti o nal ge o da ta pro ces sing may be di rectly in ter pre ted and re pro jec ted using 
GDAL (Ge o spa tial Da ta Ab strac tion Li brary). An exam ple wo uld be a the 
pro jec ting of the Open Stre et Map ti le of Ser bia by ‘open proj’ fun ction which 
pro jects the open stre et map to an al ter na te co or di na te system. For in stan ce, 
se lec ting a Lam bert Co nic Con for mal pro jec tion re qu i res the fol lo wing co de: 
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map_ser bia <- open proj(map_osm, pro jec tion="+proj=lcc +lat_1=41 +lat_2=47 
+lat_0=44 +lon_0=21"). Then vi su a li za tion of the map has been per for med by 
the fol lo wing co de: plot(map_ser bia, re mo ve Mar gin=TRUE). 

RE SULTS AND DI SCUS SION

The re sults shown in this ma nu script de mon stra ted to po grap hic da ta co-
ve ring the ter ri tory of Ser bia (SRTM, GEB CO, em bed ded da ta sets) pro ces sed 
in va ri o us ways by the scrip ting tec hni qu es of GMT to ol set and R li bra ri es. 
The re sults in clu de vi sual ge o spa tial da ta: car to grap hic layouts, plot ted ad di-
ti o nal in sert maps sho wing glo bal lo ca tion of the co un try, ge o morp ho lo gi cal 
mo dels of slo pe, aspect and hil lsha de of the re li ef, vi su a li zed Open Stre et Map 
ti les. Six maps ha ve been vi su a li zed using scrip ting car to grap hic tec hni qu es 
of R and GMT which shows a mac hi ne le ar ning ap pro ach in con tem po rary 
car to graphy com bi ning pro gram ming tec hni qu es of script wri ting with vi su-
a li za tion of ge o spa tial da ta. 

Fo ur of the maps we re map ped for the ge o morp ho lo gi cal re se arch (Fi gu-
re 2 and 3), and two maps as to po grap hic vi su a li za tion (Fi gu re 1). The map in 
Fi gu re 1 (left) was plot ted in GMT using pre sen ted tec hni qu es which can be 
re pe a ted by the GMT le ar ners and the da ta sets from GEB CO/SRTM grids using 
ad di ti o nally ava i la ble exam ples of GMT map ping (e.g. Le men ko va, 2020c, 
2020d). The ot her maps (Fi gu re 2 and 3) we re plot ted in RStu dio and de mon-
stra ted the re li ef par ti cu la ri ti es in Ser bia: slo pe ste ep ness, aspect ori en ta tion 
by com pass (West-North-East-So uth), hil lsha de re li ef which shows the re li ef 
with ar ti fi cial il lu mi na tion of the mo de led light so ur ce which gi ves a vi su ally 
ef fec ti ve way of the ter rain re pre sen ta tion and is wi dely used in the ge o grap hic 
stu di es or re se arch. The maps are ac com pa nied by the plot ted hi sto grams sho wing 
ge ne ral sta ti sti cal da ta di stri bu tion.

The pa per is il lu stra ted by the six car to grap hic ima ges ma de by the aut hor 
using free open so ur ce da ta and to ols: the GMT scrip ting to ol set and R (RStu dio 
en vi ron ment). The re sults are pre sen ted in form of to po grap hic maps, ge o-
morp ho lo gi cal mo dels hi sto grams, which pro vi de vi su a li za tion of the to po-
grap hic di stri bu tion of re li ef over the Re pu blic of Ser bia. The no velty of the 
re se arch con sists in the in no va ti ve car to grap hic met hods that use GMT and R 
scrip ting for map ping the ter ri tory of Ser bia which has not been pu blis hed be-
fo re. The study uti li zes open so ur ce to ols and da ta and pre sents au to ma ti za tion 
of the car to grap hic wor kflow thro ugh scrip ting which im pli es the re pe a ta bi lity 
of co des for si mi lar ge o grap hic re se arch in Ser bia due to the free da ta sets and 
free in stru ments (R and GMT). 

In this study, the da ta we re cap tu red freely from the open so ur ces, which is 
a va lu a ble po int no wa days, sin ce many re se ar chers and scho lars ha ve a ten dency 
for the on li ne-ba sed, ho me-ba sed or dis tan ce-ba sed stu di es and self le ar ning. At 
the re sul ting re se arch step, the da ta we re vi su a li zed using a va ri ety of mo du les 
and fun cti ons. The se maps we re di gi tally vi su a li zed on a screen and then sa ved. 
Plot ting two maps si de-by-si de has been do ne: Two maps <- tmap_ar ran ge(ma p1, 
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map2). tmap_sa ve (Two maps, "Ser bia_Slo pe A spect.jpg ", dpi = 300, he ight = 10, 
width = 15), whe re he ight and width de ter mi ne map di men si ons.

CON CLU SION

Exi sting stu di es on Ser bian en vi ron ment (Sa vic et al., 2021; Fran cke et al., 
2016; Gac hev et al., 2016; Ka do vić et al., 2012) iden ti fied that pro ces sing da ta 
re flec ted va ri a bi lity of the eco lo gi cal and ge o grap hic pro ces ses that mir ror its 
ge o morp ho logy which ta kes an im por tant part of the land co ver stu di es as a part 
of the com plex ecosystems in Ser bia. Hen ce, ef fec ti ve car to grap hic vi su a li za-
tion of the ter rain is a way of in cre a sing our un der stan ding of the land forms, 
vi su a li zing pos si ble cor re la ti ons bet we en the hydro lo gi cal, bo ta ni cal and soil 
fac tors in ge o morp ho lo gi cal con text and in cre a sing car to grap hic fle xi bi lity by 
using free da ta (SRTM, GEB CO, Open Stre et Map), sup por ted by the open to ols 
such as GMT and RStu dio. 

This re se arch de mon stra ted that scrip ting met hods are a me ans of mo re 
ef fec ti ve and fle xi ble car to grap hic ro u ti ne, sin ce co ding ena bles ge o grap hic 
da ta pro ces sing mo re qu ickly and tran spa rent com pa ring to GIS. This re se arch 
al so po in ted out fac tors as so ci a ted with the use of R and GMT: the need of 
ma ste ring scrip ting syntax as such and the ac cess to the in ter net for da ta cap tu re, 
in stal la ti ons and even tual lo ok-up  at tec hni cal tu to ri als. Ge o grap hic li te ra tu re 
is al so lin ked to the re se arch on the ge o morp ho logy of the Bal kans (Te  mov  ski 
et al., 2019; To ljić et al., 2013; Za gor chev, 2021) re flec ting va ri a bi lity of Ser bian 
ge o morp ho logy in re gi o nal con text: mo un ta ins, val leys, highs, hills, and a va ri ety 
of mi nor land forms. 
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СКРИПТ НИ ЈЕ ЗИ ЦИ ЗА ГЕ О МОР ФО ЛО ШКО МО ДЕ ЛО ВА ЊЕ  
И ТО ПО ГРАФ СКУ ВИ ЗУ Е ЛИ ЗА ЦИ ЈУ СР БИ ЈЕ

По ли на ЛЕ МЕН КО ВА

Ин сти тут Шмит за фи зи ку Зе мље, Ру ска ака де ми ја на у ка,  
Ка те дра за при род не не по го де, опа сно сти иза за ва не људ ским де ло ва њем  

и се и змо ло шку ак тив ност Зе мље, 
Ла бо ра то ри ја за ре ги о нал ну ге о фи зи ку и при род не не по го де (бр. 303)
Ули ца Бољ ша ја Гру зин ска ја 10/1, Мо сква 123995, Ру ска Фе де ра ци ја

OR CID ID: https://or cid.or g/0000-0002-5759-1089

РЕ ЗИ МЕ: Скрипт на кар то граф ска тех ни ка је нов ме тод ви зу е ли за ци је ге о-
спа ци јал них по да та ка – по себ но са те мат ским ма пи ра њем као што су ге о мор фо-
ло шки мо де ли. Циљ овог про у ча ва ња је ис тра жи ва ње упо тре бе Ге не рич ког ала та 
за ма пи ра ње (енгл. GMT) и R за ге о мор фо ло шко и то по граф ско ма пи ра ње Ср би је 
ко ри сте ћи сло бод не отво ре не ску по ве по да та ка (DEM, SRTM/GEB CO, Open Street-
Map). Ак ту е лан тренд у обра зо ва њу и ис тра жи ва ње на ста ве на да љи ну и он лајн 
на ста ве ука зу је на то да при ме на сло бод них по да та ка ви со ке ре зо лу ци је за моде-
ло ва ње и ма пи ра ње пу тем кар то граф ског ала та из отво ре них из во ра, нај ве ро ват-
ни је ре зул ти ра ду бо ком ге о спа ци јал ном ана ли зом ге о мор фо ло ги је Бал ка на са 
по ве за ним ге о граф ским фе но ме ни ма: хи дро ло ги ја, зе мљи шта, ве ге та ци ја, ге о-
ло ги ја. При ка за ни фраг мен ти скрип та има ју за циљ да де мон стри ра ју тех нич ку 
упо тре бу R и GMT ко ди ра ња у кар то граф ском про це су ра да где је Ср би ја у фоку-
су ис тра жи ва ња слу ча ја. Ко ри сте ћи ква ли та тив ни опи сни кар то граф ски при ступ 
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да би се ви зу е ли зо ва ли на гиб, по ло жај и из ди за ње зе мљи шта ши ром зе мље и 
„ра стер” па кет обез бе ђен пу тем R, от кри ве но је да се ге о мор фо ло ги ја Ср би је про-
стор но раз ли ку је у ју жним и се вер ним де ло ви ма зе мље што ре зул ти ра ре ги о нал-
ном ге о ло шком ево лу ци јом и тек тон ском ди на ми ком бал кан ске фор ма ци је. При-
ка за не ма пе по ка за ле су ге не рал ну ди стри бу ци ју ре ље фа у де лу Бал ка на у ко јем 
је Ср би ја. Ис тра жи ва ње до при но си ме то до ло шком раз во ју и те сти ра њу кар то-
граф ских тех ни ка као и ге о мор фо ло шким из у ча ва њи ма и из у ча ва њи ма жи вот не 
сре ди не у Ср би ји. 

КЉУЧ НЕ РЕ ЧИ: R, про грам ски је зик, GMT, скрипт, ге о мор фо ло ги ја, Србија, 
ма пи ра ње, кар то гра фи ја
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BI O DI VER SITY IN DI CES FOR THE FU TOG PARK  
(NO VI SAD, SER BIA)

AB STRACT: Bi o di ver sity and bi o di ver sity pre ser va tion are so me of the most im por-
tant to pics in eco logy. Pro tec ting bi o di ver sity in ur ban ecosystems is espe ci ally chal len ging. 
Ur ban parks are a va lu a ble part of green in fra struc tu re in ci ti es, as they con tri bu te to pre-
ser ving na tu ral ha bi tats for many spe ci es. Bi o di ver sity can be qu an ti fi ed by cal cu la ting 
dif fe rent di ver sity in di ces, and in this pa per, we ha ve cal cu la ted alp ha in di ces (Shan non, 
Simp son, Fis her, Ber ger-Par ker and Mar ga lef in dex) and be ta in di ces (So ren sen in dex, Jac card 
dis tan ce and Bray-Cur tis in dex) for the Fu tog park in No vi Sad, Ser bia, wit hin two pe ri ods, 
2005 and 2020. Тhe goal of the pa per is to analyze the cur rent va lu es of bi o di ver sity in di ces 
in the park and com pa re them with the ones from 15 years ago. In ad di tion to the analysis 
of bi o di ver sity in di ces va lu es, the pa per pro vi des the com pa ri son of ta xo no mic struc tu re of 
flo ra, and the abun dan ce of na ti ve, en de mic and in va si ve spe ci es in the park, in 2005 and 
2020. The re sults show that the va lu es of bi o di ver sity in di ces ha ve dec re a sed in the in di ca ted 
pe riod of ti me, аnd one of the main ca u ses can be re la ted to the spread of in va si ve spe ci es 
wit hin the park. For cal cu la tion pur po ses, we ha ve used the R pro gram and the R pac ka ge 
“ve gan”.

KEYWORDS: bi o di ver sity, spe ci es di ver sity, ur ban parks, Fu tog park 

IN TRO DUC TION

Bi o di ver sity en com pas ses va ri a bi lity and di ver sity of ge nes, spe ci es and 
ecosystems on Earth (Vu jić, 2008). In or der to qu an tify the spe ci es’ di ver sity, 
the re are many in di ces de fi ned. Bi o di ver sity in di ces can be split in to alp ha, 
be ta and gam ma in di ces; alp ha in di ces me a su re bi o di ver sity in a sin gle area; 
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be ta in di ces are used eit her to com pa re the si mi la rity of flo ra com po si tion in 
dif fe rent are as or to com pa re the si mi la rity of flo ra com po si tion in the sa me 
area over dif fe rent pe ri ods; whi le gam ma in di ces me a su re bi o di ver sity on a 
lar ge spa tial sca le (Ma gur ran, 2004). The most com monly used alp ha di ver sity 
in di ces are Simp son and Shan non in dex (La ki će vić and Sr đe vić, 2018), but 
ot her in di ces such as Fis her, Ber ger-Par ker, Mar ga lef in dex are al so analyzed 
and di scus sed in the pro mi nent li te ra tu re (Fe dor and Zvaríková, 2019). Cal cu-
la tion of bi o di ver sity in di ces can be per for med by using dif fe rent pro grams and 
com pu ter to ols, and no wa days pro gram ming lan gu a ge R, its in ter fa ce RStu dio 
and the R pac ka ge “ve gan” are com monly ap plied in eco lo gi cal re se arch (Laki-
ce vic et al., 2020). 

In the do main of ur ban eco logy, it is highly im por tant to cal cu la te and ke ep 
track of spe ci es di ver sity in ur ban parks, as they pre sent a ha bi tat for many 
va lu a ble and ra re spe ci es (Sr dje vic et al., 2019). In this pa per, we analyze the 
bi o di ver sity in di ces for the na tu ral mo nu ment – the Fu tog park in No vi Sad, 
Ser bia. The re are two pe ri ods analyzed in the pa per: 2005 and 2020, and the 
idea is to analyze the cur rent va lu es of bi o di ver sity in di ces in the park and to 
com pa re them with the pre ce dent ones. On one hand, cal cu la ting alp ha di ver-
sity in di ces gi ves an in sight in to va lu es of bi o di ver sity, and its com po nents, 
ric hness and even ness, in both pe ri ods se pa ra tely. On the ot her hand, ob ta i ning 
va lu es of be ta di ver sity in di ces qu an ti fi es (dis)si mi la ri ti es in plant spe ci esʼ 
com po si tion bet we en two analyzed pe ri ods, and di rectly re ve als how much plant 
com po si tion has chan ged over ti me. In this pa per, the analysis of alp ha and 
be ta di ver sity in di ces are be ing sup por ted with ad di ti o nal da ta such as analysis 
of the ta xo no mic struc tu re of flo ra, the sha re of na ti ve, en de mic and in va si ve 
spe ci es in both pe ri ods, etc. Gat he ring all of the li sted da ta gi ves a de ta i led 
in sight of the flo ri stic ele ments in the Fu tog park for the pe riod 2005–2020, and 
can ser ve as a star ting po int for fu tu re mo ni to ring of chan ges in plant spe ci es 
di ver sity. 

The main go als of the pa per are: analysis of bi o di ver sity in di ces in the 
Fu tog park in 2005 and 2020 and analysis of chan ges in the flo ri stic com po si-
tion that has oc cur red in the in di ca ted ti me pe riod. In ad di tion to that, the 
pa per aims to pro mo te the ap pli ca tion of the R pro gram in ur ban eco logy tasks, 
and par ti cu larly the ap pli ca tion of the pac ka ge “ve gan” in cal cu la ting bi o di-
ver sity in di ces. The pa per al so pro vi des a de ta i led de scrip tion of the most 
com monly used bi o di ver sity in di ces that are im por tant when ke e ping track of 
flo ri stic ele ments in ur ban parks. 

MET HODS 

Study area 

The Fu tog park is si tu a ted in No vi Sad, Ser bia (Fi gu re 1). The park oc cu-
pi es ap pro xi ma tely 12 ha, it was esta blis hed in 1910 and the re fo re re pre sents 
one of the ol dest and the lar gest parks in No vi Sad (La ki će vić and Sr đe vić, 
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2017). The park was dec la red a na tu ral mo nu ment in 2005 (Slu žbe ni gla snik 
Re pu bli ke Sr bi je / The Of fi cial Ga zet te of the Re pu blic of Ser bia, 23/2005).

Fi gu re 1. Lo ca tion of the Fu tog park in No vi Sad

The Fu tog park was esta blis hed in the first de ca de of the XX cen tury, 
im me di a tely af ter the con struc tion of Jod na Ba nja. The ori gi nal park de sign 
was the idea of the fa mo us Hun ga rian lan dsca pe ar chi tect, Ar min Pec Ju ni or. 
The park was de sig ned in a com bi ned style that was do mi nant for lan dsca pe 
ar chi tec tu re pro jects of that pe riod and im plied mi xing ele ments of French and 
En glish lan dsca pe style. The park was re con struc ted in 1964 ac cor ding to the 
de signs of Ra ti bor Đor đe vić. Even tho ugh the ou tlo ok of the park has chan ged 
over ti me, the de sign con cepts of both ori gi nal and re con struc tion pro jects are 
still pre sent and re cog ni za ble. 

One de ta i led sur vey of flo ra in the park was do ne in 2005 (Po po vić, 2005), 
fol lo wed by anot her one in 2008 (Ni nić-To do ro vić et al., 2008). The se da ta are 
com pa red with the cur rent sta te, using a new sur vey from 2019 (Mla đe no vić, 
2019), and the da ta col lec ted at the si te in 2020. The re fo re, this re se arch was 
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con duc ted in two pha ses: the first one im plied fi eld work and de ter mi ning all 
tree and shrub spe ci es that are pre sent in the park, as well as the ir abun dan ce. 
The se da ta we re in put da ta for the se cond pha se – furt her analysis and cal cu-
la tion of bi o di ver sity in di ces for both ti me pe ri ods. 

Bi o di ver sity in di ces 

In this sec tion, we de scri be fi ve alp ha and three be ta bi o di ver sity in di ces 
used in this re se arch. For each in dex, we pro vi de a short de scrip tion and a bri ef 
com ment of its usual and thres hold va lu es.

Alp ha bi o di ver sity in di ces

We cal cu la te one non pa ra me tric in dex (Fis her in dex) and fo ur pa ra me tric 
in di ces (Shan non, Simp son, Ber ger-Par ker and Mar ga lef in dex). Mo re de ta ils 
abo ut each in dex and cor re spon ding for mu las can be fo und in (Ma gur ran, 
2004). 

Shan non in dex usu ally va ri es in the in ter val 1.5–3.5. Va lu es of Shan non 
in dex over 3.5 and par ti cu larly over 4 sug gest that an area is ex tre mely va lu a ble 
in terms of spe ci es’ ric hness and even ness. 

Simp son in dex me a su res even ness and va ri es in the in ter val [0,1], whe re 
the va lue of 0 re ve als a mo no cul tu re, and hig her va lu es pro ve bet ter even ness 
among the spe ci es. 

Fis her in dex (α) is ba sed on the as sump tion that the abun dan ce of spe ci es 
fol lows the log se ri es di stri bu tion. Fis her in dex is ap pro xi ma tely equ al to the 
num ber of in di vi du als re pre sen ted by a sin gle spe ci es. 

Ber gerPar ker in dex vary bet we en 0 and 1, whe re smal ler va lu es cor re-
spond to hig her di ver sity. This in dex qu an ti fi es the abun dan ce of the most 
do mi nant spe ci es. 

Mar ga lef in dex is sen si ti ve to sam ple si ze, but hig her va lu es of Mar ga lef 
in dex pro ve hig her bi o di ver sity. 

All of abo ve li sted alp ha in di ces we re cal cu la ted in pro gram R, ver sion 
3.5.3. Fis her, Shan non and Simp son in dex we re cal cu la ted by using the R pac-
ka ge “ve gan”, whi le Ber ger-Par ker and Mar ga lef in dex we re cal cu la ted by the 
R co des writ ten by the first aut hor of the pa per. 

Be ta bi o di ver sity in di ces 

In this sec tion, we pre sent three be ta bi o di ver sity in di ces that ha ve been 
used for a com pa ri son of plant spe ci es com po si tion in the Fu tog park in the 
pe ri ods 2005 and 2020. The se in di ces are: So ren sen in dex, Jac card dis tan ce 
and Brey-Cur tis in dex, and a bri ef ex pla na ti on for each of them is pro vi ded in 
the next pa ra graphs. 
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So ren sen in dex ta kes in to ac co unt the num ber of spe ci es that are com mon 
for both da ta sets (in this ca se both ti me pe ri ods), and the num ber of spe ci es 
that are pre sent only in one da ta set, i.e. one ti me pe riod. The va lue of the So-
ren sen in dex falls in to the in ter val bet we en 0 and 1, whe re 0 me ans no ne, and 
1 me ans a com ple te over lap in plant spe ci es com po si tion in the analyzed ti me 
pe ri ods. 

Jac card dis tan ce uses the sa me in put da ta as for the So ren sen in dex, but 
me a su res dis si mi la ri ti es in plant spe ci es com po si tion in two da ta sets. The va lue 
of the Jac card in dex va ri es from 0 to 1, whe re va lu es clo se to 0 mean that two 
da ta sets highly over lap in the plant spe ci es com po si tion. 

BrayCur tis in dex ta kes in to ac co unt dif fe rent in put da ta com pa red to the 
two pre vi o usly de scri bed in di ces and the ne ces sary da ta for cal cu la tion are: 
the sum of the les ser va lu es of the num ber of spe ci mens for the spe ci es that 
are com mon in both pe ri ods, and the to tal num ber of spe ci mens pre sent in each 
pe riod. The va lue of this in dex can vary from 0 to 1, whe re 0 me ans that plant 
com mu ni ti es in two pe ri ods dif fer com ple tely, and 1 me ans they are the sa me 
from the per spec ti ve of sha red spe ci es and the ir abun dan ce.

Cal cu la tion of all li sted be ta bi o di ver sity in di ces has been do ne by using 
the R pro gram, and its pac ka ge “ve gan”. The pa per pre sents ad di ti o nal da ta and 
analysis, such as the ta xo no mic struc tu re of flo ra, the sha re of na ti ve, en de mic 
and in va si ve spe ci es in the park in both ti me pe ri ods, etc. 

RE SULTS AND DI SCUS SION

The first part of the re sults is re la ted to the va lu es of bi o di ver sity in di ces 
in the Fu tog park in No vi Sad, in two ti me pe ri ods, 2005 and 2020. Ta ble 1 
shows the va lu es for fi ve main bi o di ver sity in di ces. 

Ta ble 1. Alp ha bi o di ver sity in di ces in the Fu tog park (2005 and 2020)

Alp ha di ver sity in dex 
Va lue

Yea r 2005 Year 2020
Shan non in dex 3.592 3.578
Simp son in dex 0.957 0.947
Fis her in dex 16.116 20.599
Ber ger-Par ker in dex 0.088 0.150
Mar ga lef in dex 11.056 13.167

Shan non in dex is the prin ci pal alp ha bi o di ver sity in dex that qu an ti fi es 
both ric hness and even ness of spe ci es wit hin an area. Ba sed on the va lu es in 
Ta ble 1 it can be con clu ded that the va lue of the Shan non in dex for the Fu tog 
park has dec re a sed in the analyzed ti me pe riod. In or der to get a bet ter in sight 
in to the chan ges that ha ve oc cur red, one sho uld analyze the va lue of the Simp-
son in dex that qu an ti fi es the chan ges in the even ness of spe ci es in a plant 
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com po si tion. Com pa ring the va lu es of the Simp son in dex for 2005 and 2020 
pro ves that the re was a bet ter di stri bu tion of spe ci es in ove rall spe ci es com po-
si tion in the first analyzed pe riod. Ho we ver, it sho uld be no ted that the cur rent 
va lue of the Simp son in dex (equ al to 0.947) is still con si de red as high. Fis her 
in dex is in ter pre ted as an ap pro xi ma te num ber of plant spe ci mens that be long 
to one plant spe ci es, and the va lue of this in dex in cre a sed over the analyzed 
pe riod of ti me, and this me ans that on ave ra ge, each spe ci es has mo re spe ci mens 
now than back in 2005. Ho we ver, the va lue of this in dex sho uld be as so ci a ted 
with the va lue of the Ber ger-Par ker in dex, which me a su res the sha re of the most 
do mi nant spe ci es in the plant com po si tion. The va lue of this in dex se ve rely 
in cre a sed in the analyzed ti me pe riod, from 0.088 and 0.15, and this chan ge 
al so af fects the hig her va lue of the Fis her in dex in 2020. The most do mi nant 
spe ci es in the park now is Ma ho nia aqu i fo li um (Pur) Nutt, and the va lue of the 
Ber ger-Par ker in dex pro ves that it has a high sha re in ove rall plant spe ci es 
com po si tion, equ al to 15% (Ta ble 1). The va lue of the Mar ga lef in dex is mo re 
com plex for a stra ightfor ward com pa ri son, as be ing sen si ti ve to the sam ple si ze, 
but its va lu es for both 2005 and 2020 pro ve that the Fu tog park is va lu a ble from 
the bi o di ver sity per spec ti ve. 

Apart from analyzing alp ha bi o di ver sity in di ces, the re se arch in clu ded 
cal cu la tion of be ta bi o di ver sity in di ces, that com pa re the si mi la ri ti es in the 
plant spe ci es com po si tion in the Fu tog park, in 2005 and 2020 (Ta ble 2). 

Ta ble 2. Be ta bi o di ver sity in di ces in the Fu tog park (2005–2020)

Be ta di ver sity in dex Va lu e 
So ren sen in dex 0.893
Jac card dis tan ce 0.193
Bra y-Cur tis in dex 0.614

Ta ble 2 shows that the va lue of the So ren sen in dex is equ al to 0.893 which 
pro ves that the re we re mo de ra te chan ges in plant spe ci es com po si tion in the 
Fu tog park in the pe riod 2005–2020. The sa me con clu sion can be drawn by 
analyzing the va lue of the Jac card dis tan ce, equ al to 0.193, which qu an ti fi es 
the dis si mi la rity in plant spe ci es com po si tion in two ti me pe ri ods. So ren sen 
and Jac card in di ces me a su re the over lap in plant spe ci es com po si tion by ta king 
in to ac co unt the num ber of com mon spe ci es in both pe ri ods only, and not in-
vol ving the num ber of the ir spe ci mens. That is why it is use ful to in clu de ad-
di ti o nal in di ces, such as the Bray-Cur tis in dex. The va lue of the Bray-Cur tis 
in dex is equ al to 0.614 and this me ans that num ber of spe ci mens for com mon 
spe ci es has chan ged mo de ra tely. 

The next analysis re la tes to the ta xo no mic struc tu re of flo ra in the Fu tog 
park in 2005 and 2020 (Fi gu re 2).
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Fi gu re 2. Ta xo no mic struc tu re of flo ra in the Fu tog park

Fi gu re 2 shows that the three most do mi nant plant fa mi li es in 2005 we re: 
Pi na ce ae and Ro sa ce ae (each of them pre sent with the sha re of 11%), and the 
fa mily Cu pres sa ce ae (pre sent with the sha re of 10%). In 2020, due to the chan-
ges in plant spe ci es com po si tion, first of all, in tro du cing the fol lo wing spe ci es 
Pru nus avi um L., Pru nus ce ra sus L., Pru nus ce ra si fe ra Ehrh. and Ma lus flo
ri bun da Si e bold., the fa mily Ro sa ce ae be ca me the most do mi nant with a sha-
re of 13%. As in the pre vi o us pe riod, the fa mi li es Pi na ce ae and Cu pres sa ce ae 
ha ve a high sha re, equ al to 12%. 

The next analysis con si ders na ti ve, en de mic and in va si ve in the Fu tog 
park, in 2005 and 2020, by pre sen ting the num ber of spe ci es and the ir spe ci-
mens for each ca te gory (Ta ble 3). 

Ta ble 3. Num ber of spe ci es and spe ci mens for na ti ve, en de mic and in va si ve spe ci es for 
the Fu tog park (2005 and 2020)

De scrip ti on 
Va lue

Yea r 2005 Year 2020

Na ti ve spe ci es 
Num ber of spe ci es 86 97
Num ber of spe ci mens 7,893 4,273

En de mic spe ci e s
Num ber of spe ci es 6 6
Num ber of spe ci mens 412 398

In va si ve spe ci e s
Num ber of spe ci es 10 10
Num ber of spe ci mens 173 277
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Ta ble 3 shows that in the past 15 years, the num ber of na ti ve spe ci es in-
cre a sed, but the num ber of the ir spe ci mens sig ni fi cantly dec re a sed – for 47%. 
En de mic spe ci es are pre sent with the sa me num ber of spe ci es (5), but with a 
slightly smal ler num ber of spe ci mens. If one analyzes the in va si ve spe ci es, the 
con clu sion is that the num ber of in va si ve spe ci es re ma i ned the sa me (10), but 
the num ber of the ir spe ci mens sig ni fi cantly in cre a sed, for 60.1%. 

The dec re a se in the num ber of na ti ve spe ci es’ spe ci mens and the in cre a se 
in the num ber of in va si ve spe ci es spe ci mens can se ri o usly af fect the struc tu re 
of na tu ral ele ments in the park. The spread of in va si ve spe ci es is one of the 
re a sons for the slight dec re a se of bi o di ver sity in di ces in the park in the pe riod 
2005–2020 and sho uld be ca re fully mo ni to red in the fu tu re. 

CON CLU SI ONS

This pa per analyzes the bi o di ver sity in di ces for the Fu tog park in No vi 
Sad, Ser bia in the two ti me pe ri ods, 2005 and 2020. The park was dec la red a 
na tu ral mo nu ment in 2005 and is one of the lar gest and the ol dest parks in the 
city of No vi Sad. The flo ra of the park ma inly con sists of bro a dle a ves (85%) and 
the most do mi nant plant fa mi li es are Ro sa ce ae, Pi na ce ae and Cu pres sa ce ae. 

The va lu es of fi ve alp ha bi o di ver sity in di ces cal cu la ted in the pa per (Fis her, 
Shan non, Simp son, Ber ger-Par ker and Mar ga lef in dex) pro ve that the flo ra 
di ver sity in the park is still high, in clu ding its both com po nents: ric hness and 
even ness. Ho we ver, the va lu es of the se sa me in di ces we re mo re fa vo ra ble in 
2005. Sin ce then, the plant spe ci es com po si tion has mo de ra tely chan ged, en-
com pas sing both the num ber of com mon spe ci es and the num ber of the ir spe-
ci mens. In the in di ca ted pe riod, the num ber of in va si ve spe ci es’ spe ci mens has 
in cre a sed by ap pro xi ma tely 60%. In terms of ex pec ted cli ma te chan ge, it sho uld 
be no ted that in va si ve spe ci es ha ve a high abi lity to adapt to the newly cre a ted 
en vi ron men tal con di ti ons, whi le at the sa me ti me, sup press the li ving nic hes 
of na ti ve and en de mic spe ci es (La ki će vić and Mla de no vić, 2018). The re fo re, 
in va si ve spe ci es and the ir spread wit hin the park sho uld be ca re fully mo ni to red 
in the fu tu re.
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ИН ДЕК СИ БИ О ДИ ВЕР ЗИ ТЕ ТА ЗА ФУ ТО ШКИ ПАРК  
(НО ВИ САД, СР БИ ЈА)

Ми ле на Д. ЛА КИ ЋЕ ВИЋ1, Са ша С. ОР ЛО ВИЋ1,2, Ксе ни ја Ј. ХИ ЕЛ1,  
Ср ђан И. ШЕ РЕ МЕ ШИЋ1, Ра ден ка Д. КО ЛА РОВ1, Ми ле на Д. МАК СИ МО ВИЋ1

1 Уни вер зи тет у Но вом Са ду, По љо при вред ни фа кул тет, 
Трг До си те ја Об ра до ви ћа 8, Но ви Сад 21000, Ср би ја 

2 Уни вер зи тет у Но вом Са ду, 
Ин сти тут за ни зиј ско шу мар ство и жи вот ну сре ди ну, 

Ан то на Че хо ва 8, Но ви Сад 21000, Ср би ја 

РЕ ЗИ МЕ: Би о ди вер зи тет и очу ва ње би о ди вер зи те та спа да ју у нај зна чај-
ни је те ме у еко ло ги ји. Очу ва ње би о ди вер зи те та у ур ба ним еко си сте ми ма пред-
ста вља по се бан иза зов. Град ски пар ко ви су ва жан део зе ле не ин фра струк ту ре у 
гра до ви ма, јер до при но се очу ва њу при род них ста ни шта за број не вр сте. Би о ди-
вер зи тет се мо же кван ти фи ко ва ти ра чу на њем раз ли чи тих ин дек са, и у овом ра ду 
из ра чу на ти су ин дек си ал фа ди вер зи те та (Ше но нов, Сим со нов, Фи ше ров, Бер гер- 
-Пар ке ров и Мар га ле фов ин декс) и ин дек си бе та ди вер зи те та (Со рен се нов ин декс, 
Џа кар до во ра сто ја ње и Бреј-Кур ти сов ин декс) за Фу то шки парк у Но вом Са ду, 
Ср би ја, за два вре мен ска пе ри о да, 2005. и 2020. го ди ну. Циљ ра да је ана ли за са-
да шњих вред но сти ин дек са би о ди вер зи та у пар ку и по ре ђе ње са ста њем од пре 
15 го ди на. Осим ана ли зе вред но сти ин дек са би о ди вер зи та, рад при ка зу је по ређе-
ње так со ном ске струк ту ре фло ре и при су ства ау то хто них, ен де мич них и ин ва-
зив них вр ста у пар ку у 2005. и 2020. го ди ни. Ре зул та ти по ка зу ју да су вред но сти 
ин дек са би о ди вер зи те та сма ње не у ана ли зи ра ном вре мен ском пе ри о ду, и је дан 
од глав них раз ло га мо же би ти по ве зан са ши ре њем ин ва зив них вр ста у пар ку. За 
по тре бе про ра чу на, ко ри шћен је про грам R и ње гов па кет „ve gan”.

КЉУЧ НЕ РЕ ЧИ: би о ди вер зи тет, ди вер зи тет вр ста, град ски пар ко ви, Фу то-
шки парк 
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5.2. References in the text should include author’s last name and the year of 
publishing. When there are two authors both should be cited, but in case of three or 
more authors, cite the first author only and follow with et al.

5.3. If two or more articles of the same author or authors published in the same 
year are cited, designate the publishing years with letters a, b, c, etc., both in text and 
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6. Units, names, abbreviations, and formulas
6.1. SI units of measurement (Système international d’unités) should be used but 
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fee will be charged. Corrected manuscript should be returned to the Editorial office 
as soon as possible.
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