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Abstract: Biological control of sugar beet damping-off of Rhizoctonia solani by two Streptomyces 1solates
(32 and C) was evaluated mn thus study. The in vitre antagonism assays showed that active isolates had
inhibitory effects on mycelium growth of the three R. solani AG-4 isolates (Rs1, Rs2 and Rs3). Soil treatment
either with isolate S2 or C formulation inhibited the disease completely and increased seedling stand in infected
and uninfected treatments sigmficantly (p<0.05). Compared to controls, all treatments contamning bacteria had
enhanced shoot and root dry weight and root density. Both bacterial isolates maintained normal growth in pH
ranges of 5.6, 7.2 and 8.0 at 29°C. Tsolate C grew in pH ranges 5.6, 7.2 and 8.0 at 23-37°C, isolate S2 grew at
18-37°C in pH 5.6-8.0 but did not grow in acidic medium at 37°C. When pH decreased to 5.0, growth of C
decreased and 32 mhubited. To elucidate the mode of antagomsm, chitinase activity and siderophore production
were evaluated. Both isolates showed chitinase activity on medium contaning colloidal chitin. Biosynthesis
of siderophore was detectable in isolate C but not in S2. The results of this study showed that these isolates

had antifungal activities by production of siderophore and chitinase.
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INTRODUCTION

Damping-off 1s a common problem m almost all field
and greenhouse crops (Georgakopoulos et al, 2002).
Rhizoctonia  solani Kuhn is  one of scilborne
pathogenic fungi have been associated with damping
off (Moussa, 2002). Protection of sugar beet agamnst this
pathogen 1s important to maximize the crop yield. The use
of fungicide-treated seeds is the main commercially option
for control of damping off. Development of biocontrol
systems has provided an effective approach for reducing
environmental pollution associated with fungicides and
the risk of fungicide resistance development. Biological
control of soil bome diseases by microorgamsms
especially Streptomyces species have already been
published (Crawford et al., 1993; EL-Abyad et al., 1993;
Asaka and Shoda, 1996, Jones and Samac, 1996,
Chamberlain and Crawford, 1999, Whipps, 2001,
Xiao et al., 2002).

Several species of Streptomyces have mlibitory
effects on the most common soil borne fungi like

Fusarium oxysporum (Smith et al., 1990; Abd-Allah, 2001,
Getha and Vikineswary, 2002), Pythium ultimum (Crawford
et al., 1993, Yuan and Crawford, 1995, Paulitz and
Belanger, 2001), Verticillium spp. (EL-Abyad ef al., 1993,
Aghight ef al, 2004), Rhizoctonia solani (Asaka and
Shoda, 1996, Sabaratnam and Traquair, 2002), Sclerotinia
homeocarpa, Gaewmannomyces — graminis  and
Microdochium nivale (Chamberlamn and Crawford, 1999).
According to recent publications, application of
Streptomyces,  (Sabaratnam and  Traquair, 2002;
Chunga et al., 2005) or thewr active ingredient from the
culture filtrate (Shih et al., 2003) are effective for control
of Rhizoctoma damping off Beside, some species are
plant growth promoting agents that it may be due to the
ability of these bacteria to produce hydroxamate-type
siderophores and/or other plant growth-promoting
metabolites (Nassar ef al., 2003).

The mode of Streptomyces action includes inhibition
of the pathogen by antifungal antibiotics (Smith et al.,
1990, Gupte and Natk, 1999) competition for iron
through preduction of siderophore; production of
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degradative enzymes such as chitinase and glucanase
(El-Tarabily et al., 2000) and chitin binding proteins
(Bormann et al., 1999). Trejo-Estrada (1998) reported
antagomstic effects of a Streptomyces violaceusniger
isolate on plant pathogens. They showed that biocontrol
activity of this bacterium was resulted from three
antifungal compounds; also the isolate was able to
produce chitinase and glucanase. Results of De Boer
(1998) revealed that antibiotics were involved in
antifungal activities of chitinolytic bacternia. El-
Tarabily et al. (2000) determined that production of
chitinase and glucanase was the main mechanisms related
to biocontrol activity of Streptomyces viridodiasticus.
Besides, other compounds such as phenylacetic and
sodium phenylacetate from Streptomyces Fumidus
showed antifungal activity on  plant pathogens
(Hwang et al., 2001). Practical application of some
beneficial biocentrol agents such as Pseudomonads has
been limited due to decreased bacterial survival during
commercial processing and packagmg of formulation or
after application in the field (Walker, 2004). Tn contrast,
Streptomyces are able to produce spores to maintain their
viability at non-specific conditions (Ensign, 1978).
However, Yuan and Crawford (1995) showed that the
density of the viable Streptomyces spores in formulation
was only 10 fold less than origin over a 6.5-month period
of storage at room temperature. Other significant
parameter influencing the survival of bacteria in soil 15
temperature. Survival and antifungal activity (antibiotic
and siderophore production) of Pseudomonads strains
decrease at temperatures above 24°C (Schmidt et al.,
2004) but Streptomyces are mesophilic bacteria and grow
at a wide range of temperature between 15 and 37°C
(Locei, 1994). These beneficial characteristics of
Streptomyces have attracted many investigators for
1solating and improvement of these bacteria i biocontrol
programs.

In our prelimmary study, ir vitro mubitory effects of
two isolates of Streptomyces (32 and C) were assessed
agamst some important pathogemic fungi including
Fusarium graminearum, F. oxysporum f. sp. melonis,
Pyricularia grisea and Rhizoctonia solani wluch cause
rice root rot, wheat head blight, melon damping- off, rice
blast and rice sheath blight, respectively. Our main
objectives in the present study were introduction of
potentially active biocontrol Streptomyces 1solates
against R. solani, the causal agent of damping-off in
sugar beets and partial characterization of their
effectiveness on sugar beet growth. We also surveyed
growth sensitivity of the Strepfomyces 1solates to
temperature and pH ranges. To assess the mode of action
of antagomism, chitinase activity and siderophore
production of active isolates were ruled out.
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MATERIALS AND METHODS

Bacterial and fungal strains: Isolates of Streptomyces
designated as 52 and C were used m this study. The
strains were isolated from a soil sample collected from a
wheat field at Kerman, Iran as described by Shaludi et af,
(2005) and maintained lyophilized before use. Bacteria
were revived and cultured on MYA medium containing
10 g Malt extract, 4 g Yeast extract, 4 g Glucose and 15 g
agar, adjusted to pH 7.2 and mcubated at 29°C for 7-10
days. These cultures were stored at 4°C until used.
R. solani AG-4 (Rs1, Rs2 and Rs3 isolates) were provided
by Plant Diseases Laboratory of Plant Pests and Diseases
Research Institute, Karaj, Iran. Fungal stock cultures were
maintained on PDA (Potato Dextrose Agar) at 23°C.

Effect of different temperatures and pH on bacterial
growth: The growth behavior of Strepfomyces 1solates (352
and C) was evaluated on MYA medium at temperatures of
18, 23, 29 and 37°C and pH ranges of 5.0, 5.6, 7.2 and 8.0.

In vitro antifungal bioassay: Procedure of Yuan and
Crawford, (1995) was used to examine the biocontrol
activity of Streptomyces 1solates 32 and C agamst
R. solawi isolates Rsl, Rs2 and Rs3. A loopful of each
Streptonmyces 1solate spores was streaked onto one side
of each PDA plate. The plates were incubated at 29°C for
72 h. A 045 cm diameter agar plug from the growing
margin of fungal colonies was transferred onto the center
of the each plate. Fungal plugs were also placed on
uninoculated PDA  plates separately as uninhibited
controls. Cultures were incubated at 23°C. Inlubitory
effect of the bacterial isolates on fungal mycelium growth
was estimated by subtraction of the fungal growth radius
of a control culture (3L in centimeters) from the distance of
the growth m the direction of Streptomyces isolates
(3{ in centimeters) after 5 days in dual cultures.

Viability test of treated fungal hyphae: Fungicidal/
fungistatic effect of the antagomsts, at the end of 5th day
of paired incubation, mycelial plugs from the edge of
fungal colony in the vicimty of mlubitory zones were
transferred to fresh medium for evaluation of the viability
of the mycelia in that area.

Preparation of inoculum for in vive studies: Dehulled
wheat seeds were soaked overnight in tap water, excess
of water was removed and the wet seeds were autoclaved
twice at 121°C for 20 min, ccoled and used as basal
medium. For inoculation, pieces of agar with actively
growing hyphae of R. solani were placed 2-3 cm below the
surface of the medium i 1 L Erlenmeyer flasks. The flasks
were shaken every 2 days. After four weeks of incubation
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at 23°C, the medium was completely covered with the
fungal mat. A mixture of the colomized medium, sterilized
corn flour and sterilized sand (5, 5 and 90% w/w,
respectively) was used as fungal inoculum for in vive
mvestigations.

Formulation of streptomyces isolates (S2 and C): A spore
suspension of each Streptomyces 1solates S2 and C was
used for iz vive antagomism test. Spores and mycelia from
3 to 6 well grown MYA plates were scraped off of the
surfaces with a sterile spatula and added to 20 mL of
sterile physiological serum (0.9% NaCl). Spore suspension
of each bacterial isolate was added to sterilized sand and
mixed carefully, then the formulation was stored at 42°C
for 2 h. One g sample from each 1solate formulation was
used to make serial dilutions in sterile physiological serum
and was cultured on MYA plates for measurement of
CFU g~ sand.

Soil treatment and bioassay study: Sterilized soil was
mnfected with inoculum at a rate of 1:10 w/w. In
uninoculated pots mixture of 5% w/w sterilized corn flour
and 95% w/w sterilized sand was used instead of
moculum. The infected and umnfected soils were placed
in 20 em diameter plastic pots. For plants treated with both
bacteria and fungus or plants treated with only bacteria,
80 g (10° CFU g ' sand) from each formulation was added
to inoculated and uninoculated pots. Eighty gram from
sand treated with 0.9% sterile physiological serum was
added to uninfected soil as control. Pots were prepared in
replicates of three, in all treatments and were arranged in
a complete randomized design 1in the greenhouse at
23°C+1 and cycles of 12 h light and 12 h darkness. After
2 days, each pot was planted with 8 monogerm sugar beet
seeds and watered every 2 days. After 14 days the
numbers of healthy seedlings were recorded. Two months
after planting, the plants were harvested and root volume,
dry weight of leave, stem and root were measured.

Chitinase activity: Three 0.45 cm diameter agar plug
containing mycelium of each Streptomyces solates (S2
and C) were placed on the surface of 9-cm petri plates
containing 0.4% colloidal chitin (Hsu and TLoclewood,
1975) and 1.5% agar at pH 7.2 and incubated at 29°C. After
3, 5, 7 and 10 days mcubation, clear zones (>5 mm in
diameter) around each colony was recorded and used as
mdicator of chitinolytic activity. There were three
replicates and the experiments were repeated.

Siderophore detection: A procedure of Schupp ef al.
(1988) was used to siderophore detection. In brief,
Whatman No. 1 filter paper soaked in indicator
solution containing 1% ammomum ferric  sulfate
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(FeNH,(50,),.12H,0) in sulfuric acid was put on 4-days
single colomes of S2 and C grown up on Des4 medium
contaimng 2% Dextrin, 2% Manitol, 1.2% L-asparagine,
0.025% L-lysine, 0.01% L-methionine, 0.01% L-threonine,
0.5% CaCO,, 0.025% MgS0,, 0.05% K,HPO,, 0.005%
ZnS0, and 2% agar. After 15 min brown or reddish brown
halo around colonies were recorded and used to detect
siderophore producing Streptomyces 1solate.

Statistical analysis: Analysis of variance was performed
based on used experimental design. Mean comparison
was carried out using Duncan’s multiple range test
MSTATC statistical package was used for the analyses.

RESULTS

Bacterial growth at different pHs and temperatures: Both
bacterial 1solates grew well at 29°C 1n pHs of 5.6, 7.2 and
8.0. The isolate C grew in acidic (pH 5.6), neutral (pH 7.2)
and alkaline (pH 8.0) media at 23 to 37°C. The isolate 52
grew at 18 to 37°C m pH 5.6 to 8.0 but did not grow in
acidic medium at 37°C. When pH decreased to 5.0, the
growth of C and 52 1solates was decreased and inhibited,
respectively.

In vitro antagonism test: The n vitro antagonism assays
showed that both 1solates, 52 and C had inhibitory effect
on growth of fungal mycelium. The antagonistic effects
were appeared after two days of paired bactenia and fung:
incubation and advanced durmg the days after
incubation. Comparison of inhibition zones of 82 and C
lustrated that 1solate C with an intubition zone more than
2 cm had nearly two fold more mhibitory effect than S2
with an inhibition zone of less than 1 om. Since
Streptomyces have a relatively lower growth rate on agar
plates than most of the fungi, preinoculation (72 h) was
done to establish bacterial colonies on the agar surface
first. Although, inhibition was appeared after two days of
simultaneous culture of bacteria and fungi. The viability
tests showed that after 5 days of incubation, mycelium of
Rhizoctonia 1solates (RS1, RS2 and RS3) taken from
peripheral areas of the mhibited colomes facing S2 or C,
were culturable on fresh agar medium.

Chitinase activity: Clear zone around 32 and C appeared
3 and 5 days after incubation on chitin agar, respectively
indicated that both 1solates were able to use chitin as a
carbon source. Isolate C grew as fast as solate S2 on
chitin agar but did not appear clear zone before 5 days.

Siderophore production: Reaction between siderophore
and iron existed in mdicator solution
((FeNH/S0,),.12H,0)) creates a colored halo around
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Fig. 1. Effect of Streptomyces spp. 1solates S2 and C on plant stand of sugar beet seedlings grown mn soil infected with
R. solani spp. isolate (RS1, RS2 and R33). Means in each column followed by the same letter are not significantly
different from each other according to Duncarnrs Multiple Range Test (p<0.05)
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Fig. 2. Effect of Streptomyces spp. isolate 32 and C on sugar beet dry matter and root density mn soil infected with
R. solani spp. isolate RS1, RS2 and RS3. Numbers in each column followed by the same letter are not
significantly different from each other according to Duncarmrs Multiple Range Test (p<0.05)

siderophore producing bacteria. According to that, after
covering Des4 medium with Whatman paper soaked n
mndicator solution the halo appeared around isolate C
colonies, but not for isolate S2.

Shelf life of the 82 and C formulation and recovery of
bacteria from soil: Density of spores in both formulations
of 82 and C was 10° CFU g~ sand before adding to pots.
After 1 months of storage at room temperature (25°C+ 2),
the density of spores in both formulations have declined
to 10° CFU g~ sand. The level of viability was increased
up to 10° CFU/g for S2 and decreased to 10* CFU g~ for
C in samples collected from 3 ¢cm from the soil surface 1
month after treatment with the formulations.

Bioassay study: Soil treatment with 32 and C formulation
mcreased seed germination (16.6 and 25% respectively)
from uninfected soil significantly (p<0.05). Streptomyces
isolates 32 and C inhibit Rhizoctonia damping-off
completely (Fig. 1). All treatments contaming bacteria
mcreased shoot and root dry weight and root density
compared to control (Fig. 2).
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DISCUSSION

Enhancement of fungal biological control agents may
improve alternative measures for chemical control
management. In this way, several attempts have been
made to use the biocontrol approach agamst major
diseases 1n crop plants.

Several studies have reported the antagonistic effects
of Trichoderma spp. (Abada, 1994), Pseudomonas spp.
(Shah-Smith and Burns, 1996; Georgakopoulos et al.,
2002) and Streptomyces spp (Crawford et al, 1993,
Yuan and Crawford, 1995, Paulitz and Belanger, 2001)
against Pythium spp. causal agents of sugar beet
damping-off. Biocontrol of Rhizoctoma damping off with
Streptomyces strains were published for crops, Chinese
cabbage by Chunga et al. (2005) and tomato by
Sabaratnam and Traquair (2002). Also there 18 a
commercial product, Mycostop, driven from Streptomyces
griseoviridis has been registered to control of crop
damping-off (Lahdenpera et al., 1991). The data presented
in this study demonstrated that two Streptomyces isolates
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Table 1: Effect of pH (5.0-8.0) and temperature (18-37°C) on growth of
Streplomyces spp. isolates $2 and C

pH

5.0 5.6 72 80
Temp (°C) 2 ¢ 8 c 8 C 82 C
18 - - M* M - M -
23 M M M M M M M
29 M Ao W W W W W
37 M W W W W W

M*: Moderate growth; W+ Well growth

(32 and C) had both in vitreo and in vivo antagomnistic
effects against R. solani, the causal agent of sugar beet
damping-off.

Owur result showed there is relationship between
in vitro antagonism and in vive disease suppression for
potential biocontrol Sireptomyces as reported by the
others (Yuan and Crawford, 1995; El-Tarabily, 2000).

The in vitro antagonism assays revealed that three
pathogemc R. solani isolates were semsitive to the
antifungal metabolites released by S2 and C m solid
media. Isolate S2 with a smaller zone of inhibition than C
was completely able to suppress the disease similar to C
based on results from i vive experiments. It seems that
results from ir vitro study cannot simply be up scaled to
in vivo tests. On the other words, in vitro screening of
biocontrol agents should be confirmed using in vive
assays. It may help us to save some beneficial 1solates are
less effective in in vitro assays.

Soil treatment with both two biocontrol agents
increased plant dry matter and root density compared
with those were cultured in untreated (with biocontrol
agent formulation), infected and umnfected (control) soils
(Fig. 2).

Isolates C and 32 showed that differentially promote
sugar beet growth. Isolate C mcreased seed germination
(25%) rather than 32 (16%) and total dry matters were
more for plants grown is soils treated with C than S2 in
infected soil.

Since solate C, 18 a siderophore producing and 52
1s01't, it may be concluded that a part of efficiency of C is
related to siderophore production.

Dicotyledonous plants have been shown to acquire
Fe” from microbial chelates, siderophores (Crowley et al.,
1991). Direct utilization of microbial siderophores as iron
sources examined and its effect in preventing iron
stress and increasing plant biomass reported previously
(Wang et af., 1993). On the other hand, siderophore 1s one
of the compounds has been mndicated to cause Induced
Systemic Resistance (ISR) in plants providing protection
against a broad spectrum of phytopathogenic organisms
(Bloemberg and Lugtenberg, 2001). Tokala er al. (2002)
demonstrated that Streptonyces lydicus WYECI0R, an
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antifungal biocontrol agent, is also a plant growth-
promoting  bacterium  producing  hydroxamate-type
siderophores. With basis of the results it may pomt out
that siderophore production has a positive correlation
with plant growth promotion.

Chitin degradation by isolates S2 and C have been
demonstrated on colloidal chitin but its mvolvement
lyses of hiving mycelia was not studied. Although,
according to De Boer et al. (1998) and Gupta et al. 1995,
it seems that the basic mechanism for chitinolytic bacteria
against fungi 1s antibiosis. On the other hand, because
mycelial plugs from the fungal colony edge facing S2 and
C colonies were recovered on fresh medium, it may be
suggested that fungistatic metabolites secretion by
antagonist 1solates which diffused mn solid agar had the
most nhibitory effects on R. solani 1solates.

Isolates C and S2 grew well at 29°C in pH 7.2, that
have been cited as optimal conditions for Streptomyces
(Locel, 1994). At 37°C colomes appeared faster and at
lower temperature, 23°C both 1solates grew moderately.
When temperature was decreased to 18°C, the growth of
52 did not change but the growth of C was inhibited
(Table 1). Hence both 1solates grew moderately to well at
temperatures between 25-33°C which R. solani 1s active
(Gallian, 2001) and is suitable for sugar beet. Isolate C at
18°C and isolate S2 in pH 5.0 were inhibited, consequently
integration of these two 1solates may be more effective to
biocontrol of R. solari at some environmental conditions
that is not suitable for 32 or C.

Based on these results a biocontrol composite
prepared from these two bacterial isolates probably
should be viable and active in wide range of temperature
(18-37°C) and acidity (pH 5.0-8.0) of planting soils.

Since 1solates C and 32 showed mhibitory effects on
different genera of fungi (Rhizoctonia, Fusarium and
Pyricularia) (impublished data) seems that these two
isolates may be able to suppress all anastomosis groups
of Rhizoctoria solani included of the major AG world-
wide, R. solani AG-2-2, causes root and crown rot
(Scholten et al., 2001) too. Therefore these two isolates
have the potential to be developed into commercial
biofungicides in control of sugar beet Rhizoctonia
diseases.

We hope that further study lead us to identify the
mode of action and genes involved in antifungal activity
of these isolates.
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