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Comparative Study of Antagonistic Activity of Scots Pine Root
Associated Mycorrhizal Fungus-Bacteria and Wheat Associated
Bacteria Against Plant Pathogenic Fungi

Egamberdieva DILFUZA'

ABSTRACT: The aim of the present work was to test antagonistic activity of Scots pine root associated mycor-
rhizal fungus-bacteria and wheat associated bacteria against pathogenic fungi Fusarium culmorum, Rhizoctonia
solani, Botrytis cinera and to determine the production of extracellular lytic enzymes by bacterial strains. The
higher number of bacterial strains isolated from wheat showed antagonistic activity compared to bacterial strains
isolated from mycorrhizal hyphae. The best performing strains from mycorrhizal hyphae were Arthrobacter ilicis
KNCL24, Rhodococcus. fascines HNOLS and from wheat Bacillus cohnii 19, B. subtilis 1, and B. lentus 28. All
isolates presented high level of pectinase activity. Only four strains 4. ilicis KNCL24, B. lentus 17, B. subtilis 4, B.
halodurans 12 were able to produce hydrogen cyanide (HCN). Our results showed that bacterial strains associated
with wheat possess more antagonistic activity compared to bacterial strains from mycorrhizal hyphae. The all tested
bacterial strains produced one or more cell wall degrading enzymes.
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Iskocya Cam Kokiiyle Tliskili Mikorizal Mantar-Bakteriler
ile Bugdayla Iliskili Bakterilerin Patojenik Mantarlara Kars
Antagonistik Etkilerinin Karsilastirilmasi

OZET: Bu ¢alismanin amac, Iskogya ¢cam kokiiyle iliskili mikorizal mantar bakterileri ile Fusarium culmorum,
Rhizoctonia solani, Botrytis cinera gibi patojenik mantarlara kars1 bugdayla iliskili bakterilerin antagonistik
aktivitesini test etmek, ve bakteri suslari ile ekstraselliiler litik enzimlerinin iiretimini belirlemektir. Mikorizal
hiflerden izole edilen bakteriyel suslara nazaran, bugdaydan izole edilen yiiksek sayidaki bakteriyel suslar
antagonistik aktivite gdstermistir. Mikorizal hiflerden elde edilen en iyi performansa sahip suslarin, Arthrobacter
ilicis KNCL24, Rhodococcus. fascines HNOLS ve bugdaylardan ise Bacillus cohnii 19, B. subtilis 1 ve B. lentus
28 oldugu belirlenmistir. Tiim izolatlar, yiiksek diizeyde pektinaz aktivitesi gostermistir. Sadece 4 sus (4. ilicis
KNCL24, B. lentus 17, B. subtilis 4, B. halodurans 12) hidrojen siyaniir iiretebilmistir. Sonug¢larimiz, bugdayla
iligkili bakteriyel suslarin, mikorizal hiflerden elde edilen bakteriyel suslardan daha fazla antagonistik aktiviteye
sahip oldugunu gostermistir. Test edilen tiim bakteriyel suslar, bir yada daha fazla hiicre duvarini pargalayan
enzimleri {iretmigtir.

Anahtar kelimeler: Mikoriza, bugday, antagonistik aktivite, par¢alayict enzimler
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INTRODUCTION

The rhizosphere bacteria can be classified accord-
ing to their effects on plants as plant pathogens or ben-
eficial bacteria (Lugtenberg et al., 2002). The benefi-
cial association of bacteria with a plant root has been
related both to their antagonistic activities towards
pathogens and to their ability to colonise and produce
plant growth promoting compounds within the rhizo-
sphere (Cook et al., 1995).

These plant beneficial microorganisms are known
to antagonize phytopathogens through competition
for niches or nutrients (e.g. iron through siderophores
synthesis); parasitism that may involve production of
hydrolytic enzymes, for example, chitinase, glucanase,
protease and cellulase that can lyse pathogen cell walls;
inhibition of the pathogens by anti-microbial com-
pounds (antibiosis); induction of systemic resistance
in host plants (Nielson and Sorensen, 1999). The ef-
fectiveness of plant growth promoting rhizobacteria
for the biocontrol of phytopathogens has been proved
in others studies (Berg et al., 2005; Egamberdieva et
al., 2010). Occurrence of antagonistic Pseudomonas
species associated with crops grown in soils that were
naturally suppressive to different plant pathogens, in-
cluding Gaeumannomyces graminis var. tritici, Fusar-
ium oxysporum, Rhizoctonia solani (Bergsma-Vlami et
al., 2005). Bacillus species are also showed antagonis-
tic activity against plant pathogenic fungi (Jiang et al.,
2001). The mycorrhizal fungi are also interacting with
various bacterial species and it occurs in the zone of
surrounding the roots and fungal hyphae, mycorrhizo-
sphere (Garbaye, 1994). The bacteria directly influence
the physiology of the plants, and together with AM
fungi may create a more indirect synergism that sup-
ports plant growth, including nutrient acquisition and
inhibition of plant pathogenic fungi (Barea et al., 2002;
Gamalero et al., 2004). However, origin of bacterial
strains effect on their antagonistic activity. The objec-
tives of the present study were to test antagonistic ac-
tivities and production of extracellular lytic enzymes by
Scots pine root associated mycorrhizal fungus-bacteria
and wheat associated bacteria.

MATERIAL AND METHODS

Strains which were isolated from the roots of
wheat plant growing in loamy sand Germany (Egam-
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berdiyeva and Hoflich, 2002; Egamberdiyeva and Hof-
lich, 2003) is from the culture collection of Institute of
Landscape Matter Dynamics, Muencheberg, Germany.
Strains which were isolated from mycorrhizal hyphae
associated with Silver birch grown in sandy clay loam
of Finland are from the culture collection of Helsinki
University of Finland.

Hydrogen cyanide production was detected using
cyanide indicator paper (Castric, 1975). Lipase activ-
ity was detected using the Tween lipase indicator assay
(Howe and Ward, 1976), pectinase activity of bacterial
strains was determined as described by Smibert and
Krieg (Smibert and Krieg, 1994), B-glucanase activity
using the glucan substrate lichenan in top agar plates
(Walsh et al., 1995) and cellulase activity was tested
using the substrate carboxymethylcellulose in top agar
plates.

The bacterial isolates were tested in vitro on an-
tagonistic activity against the plant pathogenic fungi F.
culmorum, R. solani and B. cinera using a plate bio-
assay with Potato Dextrose Agar (PDA). Fungal strains
were grown on agar plates at 28°C for 5 days. Disks
containing a fresh culture of the fungus (approximately
5 mm in diameter) were cut out of the edge of the fungal
growth and placed in the centre of a 9 cm diameter Petri
dish. Bacteria grown on solid LC medium (containing
per liter demineralised water: tryptone, 10 g; yeast ex-
tract, 5 g; NaCl, 10 g and agar-agar, 18 g) were streaked
on the test plates perpendicular to the fungus. Plates
were incubated at 28°C for 7 days, until the fungi had
covered the control plates without bacteria. Antifungal
activity was recorded as the width of the zone of growth
inhibition between the fungus and the test bacterium.

RESULTS AND DISCUSSION

In vitro antagonism test showed the antagonistic
effect exerted on the phytopathogens F. culmorum, R.
solani and B. cinera by the isolated strains (Table 1), al-
though not all of them displayed the same competence.
The higher number of bacteria isolated from wheat
showed antagonistic activity compared to bacterial
strains isolated from mycorrhizal hyphae. The best per-
forming strains from mycorrhizal hyphae were 4. ilicis
KNCL24, R. fascines HNOLS and from wheat B. cohnii
19, B. subtilis 1 and B. lentus 28. Several authors have
reported on the involvement of antibiosis in biocontrol
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of plant pathogens (Raaijmaker et al., 2002; Chin-A-
Woeng et al., 2001). Antagonists invade pathogens by
excretion of extracellular enzymes that can lyse patho-
gen cell walls or cause degradation of chlamydospores,
conidia, etc.. Such extracellular enzymes include chiti-
nases, cellulases, proteases and B-1,3-glucanases (Ad-
ams, 1990). The production of hydrogen cyanide and
different enzymes such lipase, cellulase, pectinase and
B-glucanase by bacterial strains are shown in Table 1.
All isolates presented high level of pectinase activity.
Nielson and Sorensen (1999) demonstrated that isolates
of P. fluorescens antagonistic to R. solani and Pythium
ultimum, produced lytic enzymes. Abd Rahman (2005)
reported that among studied pseudomonades the P. au-
reginosa produced several proteases that have impli-
cated in its pathogenicity.

Only four strains A. ilicis KNCL24, B. lentus 17,
B. subtilis 4, B. halodurans 12 were able to produce
hydrogen cyanide (HCN). There are many reports that
note the production of biologically active compounds
including different enzymes, and also sideraphores by

rhizosphere bacteria (Hoflich etal., 1994). Siderophores,
low molecular weight compounds with high iron affini-
ty, are produced by most biocontrol agents to solubilize
and competitively acquire ferric ion under iron-limiting
conditions, thereby making iron unavailable to other
soil microorganisms which cannot grow for lack of it
(Loper and Henkels, 1997; Haas and Defago, 2005). De
Boer et al. (2003) found that the role of siderophores
was associated with the antagonistic properties of Pseu-
domonas putida WCS358 in suppressing fusarium wilt
of radish.

Our results showed that bacterial strains associated
with wheat possess more antagonistic activity com-
pared bacterial strains from mycorrhizal hyphae. The
all tested bacterial strains produced one or more cell
wall degrading enzymes.
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Table 1. Antagonistic activity and production of cell wall degrading enzymes by bacterial strains associated with mycorrhizal

hyphae and wheat

Bacterial strains

R. solani

F. culmorum

B. cinera
HCN
B-glucanase
Lipase
Pectinase
Cellulase

Mycorrhizal hyphae
Arthrobacter citreus KMOLI0
A. ilicis KNCL24

A. aurescens HUCNM?2
Nocardia asteroids HNOL10
N. asteroids KKCLI

N. globerula HMCM1

N. globerula KKOMI0
Rhodococcus erythropolis HCL 5
R. erythopolis KMCNL20

R. fascines HNOLS

Wheat

Bacillus sp. 41/1

B. cohnii 19

B. lentus 17

B. subtilis 4

B. subtilis 1

B. halodurans 12

B. lentus 28
Cellulomonas sp. 43
Cellulomonas sp. 22 -
Kocuria varians 13 3
Microbacterium sp. 44 -
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