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ANTIFUNGAL ACTIVITY OF INDIGENOUS BACILLUS SP.
ISOLATE Q3 AGAINST MARSHMALLOW MYCOBIOTA

ABSTRACT: Marshmallow is a host of a number of saprophytic and parasitic fungi
in Serbia. The seeds of marshmallow are contaminated with fungi from different genera,
especially Alternaria and Fusarium, which significantly reduced seed germination and
caused scedling decay. In this study we investigate antagnonism of indigenous Bacillus sp.
isolate Q3 against marshmallow mycopopulation. Bacillus sp. Q3 was isolated from maize
thizosphere, characterized by polyphasic approch and tested for plant growth promoting
treats. Bacillus sp. Q3 produced antifungal metabolites with growth inhibition activity against
numerous fungi in dual culture: 61.8% of Alternaria alternata, 74.8% of Myrothecium ver-
rucaria and 33.6% of Sclerotinia sclerotiorum. That effect could be caused by different

ites including hydrolytic enzymes, organic acids and in-
dole acetic acid (IAA). Suppresslon of natural marshmallow seed infection by Q3 isolate
was observed. The seeds were immersed in different concentrations of bacterial suspension
during 2h and their infections by phytopathogenic fungi were estimated. The results showed
significant reduction of seed infection by Alternaria spp.

The presented results indicate possible application of this isolate as promising bio-
logical agcnl for control of marshmallow seed pathogenic fungi.

WORDS: marshmallow, Alternaria, Bacillus sp., antagonism, mycopopulation

INTRODUCTION

Marshmallow as medicinal plant is among the most economically sig-
nificant herb in Serbia. Its cultivation has been started in Serbia because of
medical properties of root, leaves and flowers.

Marshmallow is the host of many fungal species (Pavlovi¢ and Sto-
janovié¢,2001,Pavlovicetal, 2002, 2006). Fourteen species from 10
genera were identified on the seed, leaf, stem and root of marshmallow (Pav-
lovié¢ etal., 2007). Fungus from the genera Alternaria and Fusarium, were
dominant on the seed. In smaller percentage, fungus from the genera Phoma,
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Epicoccum, Cladosporium, Penicillium, Aspergillus and Rhizopus were present.
Alternaria alternata was permanently present on the seed. A significant path-
ogen of the leaves was Puccinia. Very destructive pathogens on the stem and
root were Fusarium species and Sclerotinia sclerotiorum causing tissue necroses
and white rot of root and stem (Pav 1o vi¢and etal., 2006).

Pathogenic fungi decrease the yield and quality of herbal raw material.
The use of chemicals is not allowed in plantation of marshmallow. Therefore,
alternatives in plant protection are very important. The biological control of
soil-born pathogens with antagonistic bacteria has received special attention
because of the dural role of these bacteria in plant-growth promotion (PGPR)
and disease control (Z e hn d e r et al., 2001). PGPR enhance the adaptive
potential of their hosts through a number of mechanisms, such as the mobili-
zation of recalcitrant soil nutrients, the fixation of molecular nitrogen, the
control of phytopathogens and the synthesis of phytohormones and vitamins.
Direct promotion by PGPR occurs by providing the plant growth promoting
substances that are synthesized by the bacterium or facilitating the uptake of
certain plant nutrients from the environment. Indirect promotion of plant
growth occurs when PGPR lessens or prevents the deleterious effect of one or
more phytopathogenic microorganisms.

Bacillus spp. are well known rhizosphere residents of many crops and
usually show plant growth promoting activities that include biocontrol capac-
ity against some phytopatogenic fungi. Recently, intensive agricultural pro-
duction has been paying greater attention to crop protection from pathogens
that lessen yields, as well as to the microbial quality of these crops as raw
materials. From the initial implementation of sustainable agriculture, the
availability of alternative protective strategies has been reassessed and conse-
quently, the development of environment-friendly and food-hygienically-safe
plant-protecting methods based on biological agents has been greatly empha-
sized (Warrior, 2000).

In order to find effective biocontrol agents which act through the combi-
nation of several different mechanisms, the procedures that allowed selection
of strain, positive for more than one antagonistic mechanism, were used. Isolate
Bacillus Q3 seems to be more promising biocontrol agent then other Bacillus
isolates from soil rhizosphere. The results of testing of cultural, biochemical
and PGPR traits of Q3 isolate, as well as the estimations of its antifungal ac-
tivity to A. alternata on seed are presented in this paper.

MATERIALS AND METHODS

Influence of different cultivation conditions on growth rate of indigenous
Bacillus sp. — isolate Q3. Influence of different nutrient agar media on Bacillus
Q3 growth was tested: Waksman agar (B e r g, 2002), Yeast Mannitol agar —
YMA (Vincent, 1970), Nutrient agar, King B, Potato Dextrose agar — PDA
and Triple sugar Iron (Biomedics, Spain). O/F basal medium supplemented
with different carbon sources was used for testing the utilization of carbohy-
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drates as only carbon source. In order to test the effect of NaCl, temperature
and pH on Bacillus %3 growth, the isolate was grown in nutrient broth after
inoculation with 5x10° cells. Growth was measured at 600 nm using Shimadzu
UV-160 spectrophotometer.

Enzymatic activities assay. Catalase, lysine decarboxylase, gelatinase and
urease were detected as recommended by Smibertand Krie g (1994).

Enzymatic activities for protease, chitinase, pectinase, amylase, and cel-
lulase were identified by clear zone formation around the cell (Smibertand
Krie g, 1994) after incubation for 3 days at 28°C. Protease production was
assayed using skim milk agar, chitinase by using Waksman agar supplement-
ed with colloidal chitin, pectinase by using M9 medium supplemented with
pectin, cellulase by using M9 with carboxymethyl cellulose (CMC), amylase
using M9 with starch.

Estimation of main PGPR trait of Bacillus Q3. Phosphate solubilization
ability of isolate Q3 was tested on Pikovskaya agar plates (Pikovskaya,
1948) with 0.5% tricalcium phosphate [Ca; (PO4),] and identified by clear
halo zones around the colonies.

The production of indole acetic acid (IAA) by Q3 strains and the effect of
L-tryptophan on IAA production were assayed according to the Salkowski
method (Glickman and Dessaux, 1995). The bacteria were inoculated into
the nutrient broth containing L-tryptophan in the concentrations of 2 and 5 mM.

Production of siderophore was determined by Chromazurol Sulphonate
(CAS) agar method (Alexanderand Zuberer, 1991). After incubation
at 28°C for 5 days, siderophore production was assayed by the change in me-
dium color, turning from blue to orange.

Hydrogen cyanide production was assayed according to the method sug-
gested by Castric (1977). Bacteria were streaked onto Nutrient agar plates
supplemented with glycine. Petri plates were inverted and a piece of filter
paper impregnated with 0.5% picric acid and 2% of sodium carbonate was
placed on the lid. Petri plates were sealed with parafilm and incubated at 28°C
for 96 h. Discoloration of the filter paper from orange to brown after incuba-
tion was considered as microbial production of cyanide.

Sampling and fungal isolation. Marshmallow plant parts expressing
pathological changes were collected during the period 2008-2010 at the lo-
calities of Pan¢evo, Ruma and Zrenjanin. Seed samples were collected from
the plantation intended for marshmallow seed production in Panéevo.

Isolation of the collected samples of leaves, leaf stalks, stems and roots
was conducted in in a common manner, by taking the fragments from the
zones between healthy and diseased tissues. Before transferring to PDA, plant
material was sterilized with 2% of NaOCI solution for 2 minutes, washed with
distilled water and incubated for 7-10 days at 25°C. Isolation of fungi from the
seeds was carried out according to the procedure supplied by ISTA (Mathu
rand K on gsdal, 2003), using the incubation methods that include filter
paper and nutritive medium. After the incubation of seeds for 5-10 days,
formed mycelia were transferred to PDA. Twelve isolates were obtained from
marshmallow (Table 1).
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Tab. 1 - Fungi isolated from marshmallow used in this study

Fungal Reference of source
Alternaria alternata Seed
Aspergillus niger Seed
Aspergillus flavus Seed
Myrothecium verricaria Seed
Fusarum oxysporum Seed, root
Fv Seed, root
F. proliferatum Seed, root
F. Stalk
F.sporotrichoides Seed
F. equiseti Seed
F. solani Root
Sclerotinia sclerotiorum Collar root

Antifungal activities of Bacillus Q3 isolate against phytopathogenic fun-
gi. Antifungal activities were tested with 15 phytopathogenic fungi (Table 1.)
A dual plate method was used for in vitro screening of biocontrol PGPR. Per-
centage of growth inhibition was calculated using the formula proposed by V
incent(1947): I=(c- T)/c x 100, where I is the percentage of growth inhibi-
tion; C the growth of fungi in control; T the growth of fungi in treatment.

Marshmallow’s seed treatment with Bacillus sp. — isolate Q3. Marshmal-
low seeds were suface sterilized with 70% ethanol for 5 min, and rinsed five
times with destilled water. The sterilized seeds were submerged into the cul-
ture solutions of Bacillus Q3 isolate (concentration 5x10*, 5x10° and 5x10°
CFU ml") for 2 hours. Four replications (with 100 seeds per replication) were
placed in filter paper in Petri dishes. The seeds immersed in distilled water
were applied as negative control. The seeds were incubated at 25°C and the
percentages of infected seeds were recorded. The obtained results were ana-
lyzed by Duncan test.

RESULTS AND DISCUSSION

Recent developments have encouraged the research into PGPR commer-
cialization. These developments include the need for alternatives to soil fumi-
gants to control soil borne plant pathogens. Current fumigants are being
banned or restricted in use or are too costly for annual crop producers. Me-
dicinal plants are to be targeted for PGPR application as these producers may
replace costly soil fumigants with as likely costly PGPR.

Influence of different cultivation conditions on growth rate of indigenous
Bacillus sp. — isolate Q3. On the basis of cultural, morphological and biochemi-
cal characteristics, the isolate Q3 was presumptively identified as Bacillus
strain. Growth on different carbon sources added in O/F basal medium, on
different nutritive agar media and at different conditions is presented in Table 2.
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Tab, 2 — Effect of different nutritive media, carbon sources, temperature, saline and pH conditions
on Bacillus Q3 growth

Growth on Growth on carbon | Growth in

nutritive agar sources (in O/F | Nutrient broth | Growth in Nutrient broth at 37°C
media basal medium) atpH 7

Waksman | + |glycerol + ©C % NaCl b
Yeast

Mannitol + | mannitol + 4 - 1 + 5 -
Potato lactose f w0 . 3 + 55| o+
Dextrose

Triple Sugar | | gyorose w2 | o+ 5 + 7 +
Iron

Nutrient | + | glucose T | - 7 + 8 T
King B | maltose 4 = 8 s | 85 | =

Bacillus Q3 showed optimal growth at pH 7-8 in temperature range 26-37 °C.
We observed tolerance to saline concentration up to 8%.

Enzymatic activities. Enzymatic activities of catalase and lysine decar-
boxylase were observed, while gelatinase and urease activities were not de-
tected (Table 3). The absence of clear zone formation around the cells on media
for chitinase, pectinase, amylase and celulase were identified suggesting neg-
ative results for enzyme activities. Protease activity was poor and zones on
skim milk agar were observed, but with not clear appearance. L ¢ o n et al.
(2009) reported that several enzymatic activities (proteolytic, chitinolytic and
cellulolytic) of B. amyloliquefaciens BNM340 were detected.

Estimation of PGPR traits of Bacillus Q3 isolate. Phosphate solubilizing
microorganisms (PSM) play a significant role in making phosphorus available
to plants by bringing about favorable changes in the soil microenvironment
and leading to solubilization of inorganic phosphate sources. Solubilization
ability of isolate Bacillus Q3 was detected as clear halo zones around the
colonies on Pikovskaya agar plates supplemented with 0.5% tricalcium phos-
phate. The solubilization of inorganic phosphate has been attributed to the
production and release of organic acids or some additional mechanisms as it
is confirmed by weak or even lack of linear correlation between pH and the
amount of P-solubilized (A 1 am et al., 2002).

Tab. 3 — Enzymatic activities and main PGPR traits of Bacillus Q3 isolate

[ PGPR traits
Enzymatic activity Solubilization of +
katalase +  [Protease + |Antifungalactivity |+
lysine decarboxilase |+ | Pectinase - | Production of
gelatinase - Cellulase - indole acetic acid +
urcase - [Chitinase -~ [ siderophores +
amylase - HCN +
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Another important trait of PGPR — production of low-molecular-weight
compounds called siderophores was observed. Indigenous isolate Bacillus Q3
showed large amount of siderophores production detected by the color change
intensity of the CAS medium from blue to orange. Siderophores may indi-
rectly influence the plant growth and health. The scarcity of bioavailable iron
in soil habitats and on plant surfaces foments a serious competition (Loper
and H e nk els, 1997). Under iron-limiting conditions, PGPR produces si-
derophores in order to acqulre ferricion (Whipps, 2001) They bind to the
available form of iron (Fe®") in the rhizosphere, thus making it unavailable for
the phytopathogens and protecting the plant’s health. Although various bacte-
rial siderophores differ in their abilities to sequester iron, they deprive patho-
genic fungi of this essential element since the fungal siderophores have lower
affinity (Loperand Henkels, 1999).

Indigenous isolate Bacillus Q3 was inoculated into the nutrient broth
containing L-tryptophan in the concentrations of 2 and 5 mM and production
of indole acetic acid (IAA) was observed. IAA production by microorganisms
promotes the root growth by directly stimulating plant cell elongation or cell
division (Idris etal.,, 2004). B. amyloliquefaciens BNM340-inoculated soy-
bean plants were protected from a high P. ultimum infestation, since only 30%
of seedlings emerged in the control treatments (L e o n et al. 2009). This strain
was able to produce auxins, as well as excreted surfactin and some iturin-like
lipodepsipeptides, such as iturin A. These mechanisms have been previously
correlated with antifungal activity (Zehnderetal, 2001; Idrisetal,
2004).
Bacillus Q3 showed very light discoloration of the filter paper from or-
ange to brown, and it was considered to be a poor cyanide producer. Hydrogen
cyanide is a general biocide forming stable compounds with divalent ions and
inhibiting cytochrome oxidase of many organisms (V oisard etal, 1994).
Ahmadetal. (2008) published that three strains of B. subtilis were unique
in their characteristics, being antagonistic to C. falcatum, deficient in HCN
production and producers of surfactin lipopeptide only. Inability of strains to
produce HCN will make them biocontrol agents of choice, since HCN im-
poses negative effects on plant growth (Schippersetal, 1990).

Antifungal activities of Bacillus Q3 isolate against phytopathogenic fungi.
Biocontrol activity of Bacillus strains against multiple plant pathogens have
been widely reported and well documented (L e onetal, 2009; Kloeppe
r et al,, 2004). Indigenous isolate Bacillus Q3 showed hyphal deformation,
inhibition of hyphal elongation and different percent of growth inhibition of
tested marshmallow pathogenic fungi (Table 4). Maximum inhibitory zone
and antifungal activity was observed against Myrothecium verrucaria (about
75%). Bacillus Q3 isolate caused high percent of inhibition (61.75) on Alter-
naria alternata growth. We assume that inhibitory effect may be caused by
different antifungal metabolites including siderophores, organic acids, IAA
and antifungal antibiotics. These results are in agreement with earlier report
on Bacillus sp. producing antifungal metabolites with activity against a
number of mycelial fungi (Ramirezetal, 2004, Cazorlaetal, 2007).
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Tab. 4 - The inhibitory effects of the bacterial isolates Bacillus Q3 on tested pathogenic fungi

Phytophatogenic fungi deformation | hyphal clongation | mhibiton
Alternaria alternata + + 61.75+2.70
Aspergillus niger + T ns
Fusarium solani + + ns
E. verticillioi + + ns
F + + ns
F. sporotrichioides + + ns
F. equiseti + ns
S sclerotiorum + + 33.63 £2.50
verrucaria - +* 74.80+4.91
A. flavus - - -
Fusarium oxysporum - - -
F. proliferatum - - -

(-) no inhibition; (£) inhibition during 5 days; (+) inhibition longer than 7 days; ns- not significant,
less than 10%; *- hyphal elongation in opposite direction of bacteria;

VVV reported that B. circulans MTCC 8983 also showed antifungal activity
against Rhizoctonia solani, Fusarium oxysporum, Sclerotinia sclerotiorum.

Efficacy of indigenous Bacillus sp. — Q3 isolate against marshmallow
seeds mycoflora. The average percentage of seed infection with Alternaria
althernata was 34% in control, but only 6.5% in the variant treated with Bacil-
lus sp. isolate in the concentration of 5x10° CFU ml"! for 2 hours. The obtained
results showed that isolate Q3 reduced infection of seeds by 4. althernata for
more than five times. The same results were obtained by using bacterial con-
centration of 5x10° CFU ml"! and 5x10* CFU ml™! for 2 hours.

Our results coincided with the results of K a u r et al., (2007) who found
that some bacterial isolate from rhizosphere, such as Pseudomonas spp., could
inhibit Aspergilus and Fusarium. U me churub a (2004) studied antagonis-
tic activity of Bacillus subtilis against Alternaria spp. isolated from seed and
found the inhibitory effect of 26-58%.

CONCLUSION

Indigenous Bacillus sp. — isolate Q3 showed strong in vitro antagonistic
activity against Myrothecium verrucaria, Alternaria alternata and Sclerotinia
sclerotiorum that continued for eight days. It has now been confirmed that a
single PGPR - indigenous Bacillus Q3 has several modes of action. So far,
this has been the first report of a Bacillus sp. isolated from maize rhizosphere
in Serbia with phosphate solubilizing ability simultaneously producing si-
derophore, IAA and antagonistic activity against marshmallow mycobiota.
This study confirmed the potential of rhizoplane and rhizosphere to protect
medicinal plants, in this case marshmallow, from some diseases.
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Bacillus sp. isolate Q3, appeared to be very promising biocontrol agent
against Alternaria spp., a predominant marshmallow seeds pathogen.

Identification of key antimicrobials produced by Bacillus Q3 can be exploit-
ed for the testing of antifungal activity against other medicinal plant pathogenic
fungi. Also, Bacillus Q3 could be further exploited both as a biofertilizer and
an effective biocontrol agent.
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AHTHU®YHIAJIHA AKTUBHOCT AYTOXTOHOI” M30JIATA
BACILLUS SP. Q3 HA MUKOIIOIIYJIAIIATY BEJIOI" CJIE3A

Jlparana Jb. Jommh', Pa.:lea H. Musuh', CHC)KaHZIT) Tlasmosuh 2,
Cama JI. Crojanosuh *, Topan A. Anekcnh *, Mupa C. Craposuh *

! UnerntyT 3a semsmnmre, Teoropa pajsepa 7, beorpan, Cpouja
2 MHCTHTYT 3a POy uaBambe JeKoBuTor 6mba “JIp Jocnd [Manumh”,
. Komhyka, Beorpas, Cpouja
3 MHcTuTyT 3a 3amTHTY GHIba M KMBOTHY cpenniy, Teomopa Jpajsepa 9,
Beorpas, Cpouja

Pesume

Benu cnes rajen y CpGuju je tomahun MHOTHM CanpoGHTHUM U apa3HTCKUM
ribuBama. CeMe je 3apakeHo TJbHBAMA H3 PA3IHYHTHX POJOBA, HAPOUHTO Alternaria
¥ Fusarium, xoje 3Ha4ajHO PEIYKY]y KIIMjaBOCT CEMEHa M H3a3HUBajy CyIIere. Y 0BOM
pajly MCIIMTHBAH je aHTAaroHMW3aM ayToxToHe Gaktepuje Bacillus sp. uzonara Q3 u
MuKononynanuje 6enor ciesa. Bacillus sp. Q3 je nsonosan u3 pusocdepe Kykypysa,
KapakTepU3alnja je H3BpIIeHa MOTH(pa3HOM METOIONOTHjOM H TECTHPAHE Cy 0COOMHE
OJIrOBOPHE 3a CTHMYJIAIK]y pacta Guibaka. Bacillus sp. Q3 npoaykyje antudyHrainse
MeTaGonHTe ca H3pakeHoM akTHBHOMhY MPOTHB (PUTOMATOrEHUX IJbHBA Ca PA3THYH-
THM NPOLEHTOM HHXHOUIHjE pacTa y ABOjHOj KynTypu: 61.75% xon Alternaria alter-
nata, 74.80% xon Myrothecium verrucaria n 33.63% xon Sclerotinia sclerotiorum.
Ogaj edekat je mocnenua NPoAYKIHje pasInaUTHX aHTHQYHIaTHHX MeTabouTa,
yKibyayjyhu cuepodope, XHAPOTHTHUKE SH3HME, OPraHCKe KHCETHHE H HHIOICHD-
hetny xucennny (IAA). YcraHoBIbeHO je cy30Hjame mpHpoaHe HHMEKIHje ceMeHa
Gestor ciesa npumenom usonara Bacillus Q3. Cemena cy noranana y pasiuduTe KoH-
uenTpanyje Gakrepujcke cycniensuje Tokom 2 h u npahen je crenen nudexumje purona-
TOreHMM IUbHBaMa. PesynTaTn cy mokasaiu 3HayajaH CTENEH peayKiuje HHdEKIje
cemena Getor cresa ribHBOM Alternaria spp.

OBH pesynTaTn yKasyjy Ha MOryhy mpiMeHy OBOr H3011aTa Kao OTEHTHOT 61O~
JIOIIKOT areHea 3a KOHTPOITy HH(pEKIHje cevMeHa Gelior ciie3a (PHTONaToreHHM IIbHBaMa.
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