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Abstract; The major aim of the present study was to investigate the mode of action of an antagonistic Bacilfus
sp. isolated from a newly culrivated soil in controlling some plant pathogenic fungi. The isolation sites were
cultivated with different vegetable crops whereby different bacterial species were present. Screening of the
isotated bacteria resulted in a selection of gram positive and  endospore forming bacteria called TB281. The
isolated bacterium has a capability to inhibit Sclerotinia sclerotiorun. The antagonizing ability of TB28!1
towards Fusarium oxysporunm f.sp. [vcopersicl, Fusarivm oxysporinm_ f. sp. fabae , Rotrytis cinereq, Drechslera
sp., and Rhizoctonia solani may put it up as a potential biocontrol agent. The mechanisms by which this isolate
exerds its inhibitory effect on certuin pathogens involve the production of diffusible inhibitory compounds and
HCN in the medium. Glucanase and cellulase, Iyvtic enzymes which degrade fungal walls, also are involved in the
biocanirol of the phviopathogens. However, this isolate failed ro produce siderophore and chitinolviic activin: as
modes of its biocontrol action. Thus, the present results suggest that the modes of action by which TB281 can
control plivtopathogens in vitro ave thy capabilities to produce diffusible inhibitory factors, cell wall lytic
enzyvmes as well as hvdragen cyanide. The resudts ulso indicate that this isolate Is able fo protect tomato plants
cultivated in soil invested with F. oxysporum [ sp. beopersici_ when it was applied at specified time. It was
conclided that TB281, may be a4 good candidate as a potential biocontrol agent against some plant pathogenic
Jungi.
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INTRODUCTION Bacillus  spp. are comumon inhabitants of
agriculture soil and have been isolated continuously
as a biocontrol agent (Danby ef af., 1994). Baciifus
strains are able to suppress plant pathogens through
a number of modes of action including hydrolytic
enzymes (Helistd et al., 20001), antibiotics (Danby er
al., 1994, Kim and Chung, 2004), and siderophores
{(Hoffmann ef af., 2002}, There are several reports of
antibiotic production by members of the genus
Bacillus that is belonging to lantibiotic, subtilin
{Corvey er al, 2003). There are two types of
subtilin, type A like ericin from B. subriliv A 1/3
(Stein er «f,, 2002) and type B that exhibit globular
structures such as cinnamycin (Kessler ef af., 1992).
These antibiotics may inhibit other baclerial growth
by binding to one or more of the cell proteins or
other essential components of the cellular metabolic
pathway. More specifically, type A subtilin cause

Soil microorganisms ate the most valuable
sources  of  natural  compounds, providing
agricultural  and  industrial - antinicrobials  and
btocatalysts. The microorganisms can be found as
single cells or microcolonies in association with the
organic materials. Thewr metabolism and interaction
with  other organisms  arc  dependent  on
environmental soil conditions which often differ
between microhabitats (Whipps, 2001). Several
uncontrollable environmental factors such as soil
composition and pH (Ownley ef /., 2003), minerals
and carbon sources (Shaukat and Siddiqui, 2003},
water avatlability (Hase ¢ /., 2007) and potential
competitive interaction with native microflora
(Brimccombe ef af., 2000} play a major role in the
biocontrol agent efticacy.

Nowadays, great urgency ot need to obtain a pore tormation into the plasma membrane of gram
domeslic biocontrol agent is increasing due to the positive  bacteria  (Driessen eof al, 1993).
appearance of pathogens resistant to pesticides Understanding the mode(s) of action of a new
(Spotts and Cervantes, 1986) that including isolate is an important prerequisite {or both
deployment of biocontrol agents with multiple improving its performance and using it elfectively
nmode ol action such as production of antibiotics and to management plant diseases (Castoria ef af. 1997).

Iytic enzymes. Although it seems unlikely that the
biccontrol would replace entirely pesticides, the
development of biocontrol agenis may be useful in
an integrated approach to disease management
(Budge and Whipps, 2001).

The objectives of this study were to: (1) select a
promising new antagonist from the roots of tield-
grown plants, (2) isolate and screen a wide range of
isolates for their biocontrol capabilitics, and (3)
understand the mode of action of the selected

Volume 5, 2005, 97 - 104



98

microorganisms as a first step toward development
of an effective biological control.

MATERIALS AND METHODS
Media used

The following media were used for isolation:
Bacillus sporulation agar (BSA) contained 8.0 g
nutrient broth (Difco), 1.0 g yeast extract (Difco),
50 mg MnSQO,, and 15 g agar/ L . King's medium B
(KMB) contained 20.0 g proteose peptone #3
(Difco), 2.5 g K,HPO,3H,0, 6.0 g MgS0,.7H,0,
15.0 g agar, 15 ml glycerol, 1 liter of distilled water)
(King et al., 1954), Nutrient agar (NA) (23 g/L.
Difco) and Potato Dextrose Agar (PDA) (24 g/ L.
Difco).

Isolation of bacteria

Isolation was carried out using plant materials
collected from Agricultural Experimental Station,
Suez Canal University. Sandy soil plots planted
with eggplant, tomato, pepper, and onion were used
for isolation. Roots of healthy plants and diseased
plants were selected to search about antagonistic
bacteria. Each plant root was shaken to get rid of the
rhizosphere soil and placed in a tube containing {0
m} sterilized water., Sample tubes were shaken
vigorously for 4-5 min. Serial dilutions were made
and a sab was streaked on a Petri dish. The plates
were incubated at 28°C and observed for colony
growth. Pure cultures were abtained through
repeated subcultures of a single colony, then, single
colonies were transferred to NA slants for further
studies.

Isolation and identification of fungi

Fungi were isolated from the diseased plants.
The plant samples were surface sterilized, washed
in sterilized water and blotted to dry, then
transferred onto PDA plates. Fungal identification
was performed on the basis of mycological
characteristics described by Domsch et al. (1980),
Nelson et al. (1983), and Alexopoulos et al. (1996).
Purified cultures were kept at 40° C unti} use,

Pathogenicity tests

Pathogenicity tests were conducted on plants
grown in a sterilized soil-sand mixture (4:1) in 20-
cm pots with different pathogens isolated according
to a modified method described by Haglund (1989)

In vitro screening and inhibition assay

The used fungal isolates were F. oxysporium f.
sp. lycopersici (tomato), F. oxysporium f. sp. fabae
{fabae bean), B. cinerea (strawberry), Drechslera
sp. (barley), S. sclerotiorum (bean), P. infestans
(potato) and R. solani (tomato).

The  bacterial isolates were  streaked
individually on NA or PDA on the middle of the
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plates and a disk of fungal growth was placed on
each side. Fungal disks were placed at a distance of
2 cm from the streaked bacteria after 24 h. The
bacterial isolates showing an inhibitory ability were
further screened against all the fungal isolates used
in the experiment. The chosen bacteria were
examined for gram stain reaction, shape, endospore
forming, mobility, growth at 7% NaCl and growth
at 45° C, as described by Leary and Chun (1988).

In vitro biocontrol activity of TB281

Production of diffusible inhibitory factors. Ten
ml of 72 h-old culture of bacterial isolates was
centrifuged at 10,000 rpm for 30 min. The
supernatant was sterilized by filtration through a
(.45 and 0.22 pm pore-size membrane filters. The
filtrate was boiled in a water bath for 15 min and
2.0 ml of the boiled filtrate was added to each PDA
plate. Agar disks taken from the edge of 4 days-old
fungal cuiture were placed in the center of the plates
and incubated at 25° C until the growth in the
control plates was covered by mycelium. The
diameter of the fungal mycelium in the treated and
untreated plates was determined.

Production of siderophores. To examine if the
growth inhibition of the plant pathogenic fungi are
due to the competition for Fe, test for antagonistic
activity were carried out on plates containing one of
the following media: NA, PDA, or casein agar
glucose (CAG) that composed of 10.0 g casein
hydrolysate, 5.0 g yeast {Difco), 5.0 g glucose, 4.0 g
K,HPO, and agar 17.0 g/ L. The treated plates were
supplemented with 100 uM FeCl;. Fungal growth
inhibition was estimated after incubation for 2 days
at 30°C, based on the width of clear inhibition
zones.

Production of HCN. The determination was
done as described by Bakker and Schippers (1987)
on plates of PDA and NA media containing 4.4 ¢/ L
glycine and 100 uM FeCly. In this method, the
production of HCN is detected by a color change
from yellow to brown-orange in a filter paper
impregnated with solution of 5% picric acid and
2.0% sodium carbonate and attached to the lid of
the Petri dish. Plates without bacteria were used as
negative controls.

Detection of enzymatic activities. Bacteria were
grown on 50 ml liquid basal medium consists 0f 6 g
Na, HPO;, 4 g KH,PO,, 2 g (NH,)280,, and 0.2 g
MgS0,. TH,O/ L, and incubated for five days on a
rotary shaker. Each flask was amended with either a
substrate or dried fungal tissues as inducers for
enzyme  expression. Fungal mycelium and
substrates were added into the medium of the rate of
0.2% and 0.05%, respectively, according to Skujins
et al. (1965). At the end of incubation period, the
cultures were centrifuged under cooling at 10 000
rpm for 30 min and the supernatants were used for
detection of enzymatic activities.
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Cellulase activity was detected by measuring
the released free glucose from cellulose
spectrophotometrically by a modified method of
Worthington (1988) in a reaction mixture (5 ml)
consisting of 5% cellulose (Sigmacell type 20,
Sigma) solution in 50 mM sodium acetate buffer,
pH 5.0, at 37°C and one ml crude enzyme extract,
The reaction mixture was incubated at 37 C for 2 h
with  moderate  shaking. After incubation,
immediately transferred into an ice bath for S min
and centrifuged for another 5 min to clarify the
supernatant. Into a cuvette, 3 ml infinity glucose
reagent (Sigma) was added and equilibrated to
25°C, then 0.2 ml of the supernatant was
supplemented and immediately mixed by inversion
and the maximal increase was recorded in
absorbance at 340 nimn for 5 min indicating cellulase
activity.

Glucanase activity was detected by a modified
method of Lima er «f. (1997} using Azurine-
crosslinked pachyman {AZCL-pachyman,
Megazyme) as substrate. The reaction mixture
contained 0.4 ml potassium acetate buffer 10 mM,
pH 5.0 and 0.1 ml crude enzyme extract. After
equilibration for 3 min at room temperature, 100 ul
of AZCL-pachyman (100 mg/ 3ml 10mM
potassium acetate buffer pH 5.) were added, and the
mixture was incubated at room temperature with
moderate shaking for 30 min. The reaction was
stopped by adding 700 pul of Tris (20% w/v),
incubated for 3 min at room temperature and then
briefly centrifuged and the amount of blue soluble
dyed fragiments released from AZCL-pachyman was
determined spectrophotometrically at 595 nm by a
spectrophotometer indicating glucanase activity.

Chitinase activity was detected on plates as
described by Bargabus es af. (2002). Fifteen ml of
1% agarose and 0.1% chitin (Sigma C-7170) in 10
mM sodium phosphate buffer pH 5.0 were added to
each Petri dish. Bacteria were added on four
previously determined dots. The plates were
incubated for 24 h. at 37° C. After incubation, 50 ml
of 0.01% fluorescent brightener 28 (Sigma F-3343)
dissolved in 500 mM Tris-HCI pH.8.9 was added to
the plates and incubated for 10 min. The plates were
washed three times with distilled water, then
distained over night. The plates were examined
under UV light for clear zones on a fluorescent
background. Assays of enzyme activities were
performed immediately after obtaining crude
enzyme preparations.

Effect of TB281 on controlling Fusaritin wilt of
tomato

Tomato seeds were planted in sandy soil
infested with TB28! when applicable, and grown in
seedling plug trays (50 plugs/ tray). TB281 was
grown on nutrient broth for 5 days and 3 ml of
approximately 10’-10° bacterial cell/ ml were added

per plug. Five tomato seeds were planted in each
cell. When the seediings had 2-4 leaves, they were
transplanted into pots (15x15 cm) containing non-
sterile field soil artificially infested with £
oxysporum f. sp. lycopersici inoculum. Pathogen
inoculum was grown for 15 days on PDB on a
rotary shaker and added to soil at rate of 10* colony-
forming units/g soil. Four plants per pot and five
pots per treatment were used. Disease incidence was
monitored for 5 weeks and assayed as percentage of
seedlings showing wilt symptoms. TB281 was
examined at different times.

Statistical analysis

All experiments were repeated at least twice.
Experitnents were analyzed using standard analysis
of variance. Significance was evaluated at P = 0.05
according to least significant difference (LSD).
Since repeated tests yielded similar results, data
from a single representative experiment are
presented,

RESULTS

Isolation of bacteria and screening in vitro for
antagonists

Of 563 bacterial isolates obtained from
different arcas planted with different crops, only
10% showed antagonistic activities in vitro by
slowing or stopping fungal growth on NA, PDA, or
KB media. Bacterial isolates obtained on KB,
representing 5.7% of the antagonistic isolates,
showed little antagonistic activities, whereas
Bacillus  isolates, representing 4.3% of the
antagonistic isolates, showed more inhibitory effect
on inhibiting the plant pathogenic fungi used in this
study.

Data in Table 1 show that four Bacillus
isolates, from tomato, peppers and eggplants roots,
exhibited antagonistic activities against two
members of the genus Fusarium , B. cinerea, S.
sclerotiorum, Drechlera sp, and R. solani. When the
four isolates were tested against one of the
Oomycetes member, P. infestans, only one of them
showed antagonistic activity as well as its capability
to shut down S sclerotiorum. According to its
antagonistic effect, isolate TB28|was chosen as a
potential biocontrol agent and was used for further
studies.

As shown in Table 2, TB281 was tested
against some plant pathogenic fungi on PDA
medium and area of fungal growth was measured.
The percentage of inhibition was differed
considerably between pathogens. S. sclerotiorum
was the most affected and was not able to grow
whereas this isolate was able to inhibit £
oxysporium f.sp. lycopersici by 30.3%.
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Table 1. The antagonistic activity of four Bacillus
isolates against different plant pathogens.

Bacillus TB281 | TB365 | PB139 | EB216
Isolates

B. cinerea + - + +
S. ) + + - +
sclerotiorum

Drechlera sp. + + + +
R. solani + - -3 ¥
P. infestans + - - -
F. oxysporum

I sp. + + + -
lycopersicy 1 ‘

Table2. Percentage of growth inhibition caused by
TB281 against fungal pathogens.

Fungal pathogens Inhibition %
S. sclerotiorum 100
B. cinerea S0
Drechlera sp. 89.4
F. oxysporum f.sp. 303
fycopersici

F. oxysporum fsp. fabae 429
R solani 63.3
. infestans 73.8

Strain Characterization

Data in Table 3 show that TB281 is a gram
positive, rod shaped and endospore forming
bacteria. Examination of the bacterial mobility was
positive. TB281 was able to grow on Casein
medium plus glucose at 45° C.

Table 3. TB281 strain characterization

[ Test Strain character ]
Gram stain + |
Shape rod
Mobility +
Spore forming endospore
Growth at 45°C +
Growth at 7% NaCl +
Anaerobic growth -

In vitro biocontrol activity of TB281

Production of Inhibitory Factors. TB281 produced
diffusible compounds in the medium which
inhibited fungal growth of F. oxysporum on PDA
plates, as shown in Figure 1.

Production of siderophores and HCN. Data in
Table 4 indicate that plates supplemented with 100
uM FeCl; retained its ability to inhibit fungal
growth, indicating that TB281 is not a siderophore
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Fig.1. PDA plates supplemented with either boiled
filtrate (right) or unboiled one (left).

producer under used experimental condition. TR281
turned picric acid indicator paper to brown-orange,
indicating that it produces HCN. In addition, data in
Table 4 also show that cellulase and glucanase
activities were detected in solution assays.
However, no chitinolytic activity was obderved for
this isolate under the conditions of the present
experiment (Table 4).

Table 4. Biocontrol activities of TB281

Tests Biocontrol activity
Siderophores -

HCN +
Enzymatic activities

Cellulase +
Glucanase +
Chitinase -

(+) means production and {-) means lack of production

In vivo biocontrol activity of TB281

Application time of TB281 bacteria showed
their different effects on protecting tomato plants,
The best protection was obtained when TB281 was
applied 7 days before seedling transplanting in the
pots and also when it was applied at the cotyledons
stage without significant differences (Table 35).

Table5: Development of Fusarium wilt of tomato
as affected by TB281

Yo y
Treatment wilted rcdusﬁ n
_plants °

Soil infested with Pathogen only 733 6.0
Addition of bip-agent 7 days
before sowing 66.7 9.0
Addition of bio-agent with seed n
during sowing 63.3 13.6
Addition of bio-agent at - -
cotyiedons stage 366 0.0
Addition of bio-agent 7 days . c
bcfoye transplanting 333 343
Addition of bio-agent with 53.3 279

transplanting
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Values followed by an asterisk are significantly
lower (P < 0.05) than the pathogen-only control
treatment according to LSD test.

Discussion

The relatively reclaimed sandy soil of the
Experimental Station of Faculty of Agriculture,
Suez Canal University is not a prospective source of
biocontrol agents. Shipton (1975) and Weller (1988)
suggested that the time period of establishing a
biocontrol agent in a given soil ranges from 2 to
more than 10 years with continucusly monoculture
practice. The isolation area in the present study has
been planted for about four seasons only. The lack
of continuously farming in the isolating site, even
with different crops, would not encourage
establishing a big population of antagonistic
microorganisms. Consequently, onlyl0 % of the
total isolates which are capable to inhibit plant
pathogens was obtained.

The 10 percent of the total isolates (563) are
differed in their nature. Some isolates produced
fluorescence on KB medium whereas others were
spore forming which suggests present of a wide
rang of organisins at this stage of this newly
cultivated soil. According to Weller (1988),
biocontrol agents would be under selection in
accordance to the kind of cultivated crops during
the next few years. The monoculture would
encourage some organisms different from the
multiculture. Since monoculture is not a strategy
adopted in Egypt, our research should study the
effect of cultivating different crops on this new
land.

Isolated strain, TB281, was chosen as a
potential  biocontrol agent according to its
antagonistic effect in controlling some plant
pathogenic fungi. This strain inhibited some

phyvtopathogens belonging to different genera of
fungi. In addition, it was able to completely prevent
the growth of §. sclerotiorum which is a serious
phytopathogen. TB281 capability to shut down S
sclerotiorum indicates the defection of the fungal
genome to overcome the bacterial effect. Another
significantly inhibited fungus was B. cinerea which
was inhibited by 90.4% relative to the control.
Although the highly achievement against the
previously mentioned microrganisms, TB281 was
not able to inhibit B. solani with more than 63%.
Interestingly, TB281 showed different values of
antagonistic ability against two species of the genus
Fusarium |, F. oxysporum f. sp. lycopersici was
inhibited by 30.3% only whereas /. oxysporum f.
sp. fabae was inhibited by 42.9%. Although the
differences between the inhibition values against the
two microorganisms were not significant, it may
open a question of inconsistent performance of a
biocontrol agent in the field application. In a study
by Tehrani and Ramezani (2003} using 4 Bacillus
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isolates to control F. oxysporum on onion, they
found that not all isolates were able to reduce the
disease with consistent achievement. Studying the
genetic bases and physiological responses of the
two species of F. oxysporum to TB28Imay explain
the lack of its consistency in the fields.

Preliminary identification trials showed that
TB281 is a gram positive bacterium, spore forming
and tolerating high temperature. Motility, growth at
pH 3.7, and growth in 7% NaCl were all positive
that may place it within the genus Baciffus
Although B. subtilis is present abundantly in the
Egyptian soils, different species may present as a
biocontrol agents in soil as reported by Danby ef af.
{1994) and Kotchoni ¢t a/. (2003). Identification of
the species using 168 ribosomal DNA is needed.

A better understanding of TB28! mode of
action against £ oxysporium will help comprehend
how this antagonist acts against the plant pathogens
in the soil. This new strategy can speed the
development of a commercial biocontrol agent. One
important mode of action in disease control is o act
through utilization of the nutrient iron by producing
siderophore, The TB281 strain retained its ability of
inhibition in the presence of iron in the media,
indicating that siderophore is not a mechanism of
TB281 in disease control. B. subtilis was reported
as one of the biocontrol agents thar use siderophore
as one of its mechanisms to inhibit other organisms.
Hofftnann ¢/ al. (2002) and Berka et al. (2003)
linked high-salinity with induction of iron limitation
in B. subtifis and the bacterial genome. In addition,
May et al. (2001) identified ohb operon that
encodes the catecholic siderophore itoic acid (2, 3-
dihydroxybenzoate (DHB)-glycine). HCN
production is also considered as one mode of action
for some biocontrol agents. In the present study, a
weak orange pigmentation of the indicator paper
was obtained which suggests that cyanide
praoduction may be considered as a factor in the
inhibition of fungal growth by TB281 (Table 5).

Microorganisms producing a complex of lytic
enzymes are considered a potential biocontrol
candidates (Helisté et al. 2001; Kotchoni and
Shonukan, 2002). It is well known that Bacillus
strains are able to secrete a vast number of
hydroiytic  enzymes such as  chitinases,
laminarinases, and cellulases (Tang et al. 2004;
Virupakshi et al. 2005,)). Bacillus sp. X-b is a
biocontrol agent that is able to produce a complex
of hydrolases including chitinase, chitosanase,
laminarinase, lipase and protease (Helisté er al,
2001). Bacillus sp. X-b represents a potent member
of bacilli family as a biocontrol agent. The main
function of bacterial extracellular hydrolases is the
release of nutrients from different substrates for the
need of a bacterium. In addition, excreted enzymes
along with other compounds like antibiotics may be
used by bacteria for competition with other
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microbial species. More specifically, it is often
supposed that chitinase and glucanase are impottant
for antagonistic activities which putatively act as
depolymerases on fungal pathogen cel! walls, Some
of these enzymes are known to possess antifungal
activity and to be involved in mycoparasitism
(Castoria et al., 1997). In this study, the isolated
strain is able to produce cellulase and glucanase in
vitro. Tts potential to use this character under
greenhouse or field conditions has to be tested.

A major consideration for successful biocontrol
agent is the application of effective antagonist to the
appropriate ecological niche at the proper time
(Lewis et 2/.1995). For field application, seed
treatment is one of the most suitable methods for
biocontrol of soilborme pathogens (Harman 1992).
As previously stated TB281 was isolated from a
relatively new cultivated soil and expressed its
potential over a number of other isolates.
Examination of the inhibitory ability of TB281
against F. oxysporium f. sp. Iycopersici in pots
revealed that it may be used as a biocontrol agent in
an integrated system. It is also interesting to observe
that its performance in soil against F. oxysporium f.
sp. {vcopersici was better than in vitro. This result
opens a new question about the bacterial ability to
express a stronger activity in the complicated
environment presented in soil.

In conclusion, the present results indicate that
TB281 uses several modes of action in controiling
plant pathogens which makes it a potential
candidate for developing a potential biocontrol
agent, and its present in the newly cultivated soil
may offer a good opportunity to study its behavior
in soil.
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