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Bacillus subtilis as a Biocontrol Agent for
Controlling Sugar Beet Damping-off Disease
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ythium ultimum is an important soil bome pathogen causing

damping-off of sugar beet. Ten fungal {solates were obtained
from naturally infected roots of sugar bect. All isolates proved to be
pathogenic on Demapoly cultivar of sugar beet. The fungus usually
attacks the germinated seeds and seedlings causing pre-and post-
emergence damping-off. Bacillus subiilis isolated from rhizosphere of
sugar beet plants could partially protect the plants against the infection
with the isolated pathogens. Antibiosis tests against Pythium ultimum
showed that the two bacterial strains of Bacillus subtilis examined
restricted the mycelial growth of five isolates of Pythium ultimum
in vitro. The usage of Bacillus subtilis as seed treatment reduced the
percentage of damping-off incidence of sugar beet under greenhouse
conditions.
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Sugar beet (Beta vulgaris L.) is the second important crop for sugar production
in Egypt. Pythium ultimum is one of the most soil-bome pathogens which attacks
sugar beet crop in Egypt as well as other countries cansing pre and post-emergence
damping-off (Baker and Rush, 1988; Osburn and Schroth, 1988; Charles, 1991i;
Abada, 1995; Brantner and Carol, 1998; Nielsen ef al, 1998 and Georgakopoulos
et al., 2002). The use of biological contro! in plant disease became promising instead
of chemicals for avoiding environmental pollution.

Several investigators reported the use of biological control against soilbomne
diseases (Rath and Wolf, 1992; Bowers and Park 1993; Harris et al., 1994; Saleh,
1997 and Weller, 1998). Biocontrol of damping-off diseases has been successfully
applied using B. subtilis (Berger et al, 1996; Harris and Adkins, 1999;
Georgakopoulos er al., 2002 and Schmidt ef al., 2004).

The aim of this work was to screen some isolates of B. subrilis from the
rhizosphere of sugar beet plants as a bioagents for controlling damping-off disease.

Materials and methods

Isolation and identification trials:

Naturally infected sugar beet seedlings showing damping-off symptoms were
collected from several fields at Assiut Governorate. Isolation of the causal pathogens
were carried out using small pieces of infected roots which were previously washed
in running tap water, surface sterilized with 1% sodiurm hypochlorite solution for
two minutes washed three times with sterilized water and dried between sterilized
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filter papers. The surface sterilized root pieces were then placed into Petri dishes
containing PDA medium, then incubated at 20°C for seven days. Preliminary
identification of the growing fungi were carried out according to (Domsch ef of.,
1980 and Moubasher et al., 1988) and then confirmed by Assiut University
Mycological Centre (AUMC).

Pathogenicity test:

Ten pure fungal isolates of Pythium ultimum were tested for their pathogenic
capabilities. Inocula of the isolated fungi were prepared in Roux bottles (1000 ml),
each containing 100 ml of PDA medium, were seeded with mycelial disks from
a five days old culture of Pythium wultimun: and incubated for 14 days at 20°C, then
suspended in sterile water and homogenized in a blender for 5 min. Earthen pots
(25cm-diameter) filled with loamy sand soil (84% sand : 14.5% clay : 1.5% siit)
were used. Soil infestation was carried out 7 days before sowing by adding ten m! of
the homogenized culture containing 5x10% ml of fungal propaguies to 1kg of soil
and mixed thoroughly. Each pot was filled with 3kg sterilized autoclaved soil. Five
pots were used for each tested isolate. Seeds of the tested Demapoly cultivar were
sown after disinfection with 2% sodium hypochlorite solution for two minutes at the
rate of 10 seeds/pot. Irrigation was performed when necessary. The percentage of
pre- and post-emergence damping-off was calculated after 15 and 30 days,
respectively. Uninoculated soil was served as controi.

Re-isolation of the pathogenic fungal isolates from diseased plants was carried
out to meet Koch postulates.

Isolation and identification qf Antagonist:

Bacillus subtilis isolates which isolated from the rhizosphere of sugar beet plants
cultivar Demapoly were tested for their antagonistic activity against pathogenic
fungi according to the method described by Skinner er al. (1952); Breed er al. (1957)
and Louw and Webely (1959).

The method described by Anonymous (1984) was used to identify the isolated
bacteria using the following tests, shape of cells, motility, Gram’s staining,
aerobiosis, starch hydrolysis, gelatine liquefaction, nitrate reduction, acetyl methyl
carbinol production (VP test) fermentation, reactions with mannitol, glucose,
sucrose, arabinose, xylose and lactose and pigment production.

Antagonism between the isolated bacteria and the causal pathogen:
A- Invitro:

The antagonism between the isolated bioagent Bacillus subtilis and the causal
pathogen was tested in vitro using three different growth media, i.e. tryptic soybean
agar medium (TSA); Potato Dexirose Agar medium (PDA) and Soii Extract Agar
medium (SEA). Five isolates of P. uitimum and two isolates of B. subtilis were used
in this test. Petri dishes containing 10 ml of the tested medium were inoculated with
equal disks (7-mm-diam.) of Pythium ultimum obtained from 5 days old culture
which placed at the periphery of the plate. The antagonistic bacterium (B. subtilis)
was streaked at the centre of each plate by a loop loaded with 48 hr old bacterial
culture growsn at 27°C on nuirient broth. Three replicates were used for each
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particular treatment. Antagenistic effect was determined by measuring the longest
and shortest free growth zone between the antagonistic bacteria and the tested fungi.
Petri dishes inoculated with Pythium ultimum only were served as control check.

B- Invivo:

Earthen pots (25cm diameter) were filled with soil preinfested with the causal
pathogen as mentioned before. At the same day of sowing, surface sterilized seeds
were soaked for one hour before sowing in a 3-day-old culture of Bacillus subtilis
(10*10°cfw/ml) grown in liquid TS medium.

Ten seeds were sown in each pot and five replicates were used for each
treatment. Surface sterilized un-soaked seeds were served as a control check.
Assessment of disease incidence was calculated as a percemage of pre-, and post-
emergence damping-off after 15 and 30 days of sowing. These experiments were
carried out under greenhouse conditions for two successive growing seasons
2003/2004 and 2004/2005.

Statistical analysis:
The obtained results were statistically analyzed according to Gomez and Gomez
1984,

Results and Discussion

Isolation and identification trials:

Ten different isolates of Pythium uitimum were isolated from diseased sugar beet
plants collected from different locations at Assiut Governorate, ie Assiut,
Manfulate and Tbrahim Sons. Isolates were identified as Pythium ultimum according
to (Domsch ef al., 1980 and Moubasher et al., 1988). ldentification was confirmed
by Assiut Unjversity Mycological Centre (AUMC). .

Pathogenicity tests:

Isolates of Pythium ultimum were tested for their pathogenic capability agamst :
sugar beet cv. Demapoly. Data presented in Table (1) indicate that all tested fungal :
isolates were able to cause symptoms of pre-emergence and post-emergence :
damping-off of sugar beet seedlings.

Data also indicate that isolates Nos. 1, 3 and 4 showed lugh vmdem:e whlle
isolates Nos. 6,7,8 and 10 was moderately vnrulem to sugar beet seedlings. lsolahesd.
Nos. 2, 5 and 9 was consider as weak virulent. _ G .z\.

Moreover, the tested isolates varied regarding their virulence. Variation m
virulence of the pathogenic isolates on sugar beet plants may be due to the | presence
of genetic differences among the fungal isolates. These results are aiso in harmony
with the results of William and Asher, 1996,

The antagonistic effect of Baciilus subtilis against the grmm: of mﬂ _Itmm on:
different media: #3

Pythium ultimum isolates Nos. 1, 3 and 4 which prcvtous!y proved to be high :
pathogenic were used in this test.
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Table 1. Pathogenicity test of different isolates of Pytkium uitimum on sugar

beet cv. Demapoly

Fungal Damping-off (%) Healthy
isolate Pre-emergence Post-emergence survivals

1 58 20 22

2 30 18 52

3 56 20 24

4 64 20 16

5 30 14 56

6 30 : 20 50

7 46 10 4

8 50 20 30

9 o - 14 _ 56

10 40 10 50

Control 0 0 100

L.S.D 5% 541 4.39 6.54

1% 7.24 5.88 8.74

Data in Table (2) reveal that the inhibition zone area fluctuated significantly in
response to either antagonists strains or growth media. As for media, it is clear that
TSA medium enhanced antagonistic effect of bacterial isolates against fungal
isolates, that the largest inhibition zone area was recorded between 10-12 mm. The
observed effect was also recorded for PDA and SEA media in descending order.
Data also show that isolates of P. ultimum varied in their response against the
antagonistic effect of B. subtilis isolates B, and B,, The variation in the inhibitory
effect of the bioagent against the tested pathogen with the use of different media
may be due to that the fungal and/or bacterial growth depends on its growth on
nutrients avajlable on the characteristic media (Maurhofer ef al., 1995). '

Biological control of sugar beet damping-aff under greenhouse conditions:

The efficacy of using two B. subtilis isolates as biocontrol agent against
damping-off incidence of sugar beet was evaluated under greenhouse conditions.
Application of bioagents was carried out as seed dressing at the same sowing date.
Three isolates of P. ultimum were used individually for soil infestation one week
before sowing. At the first cultivation season 2003/2004, data in Table (3) show that
the introduced bacterial isolates could significantly reduced the percentage of
damping-off incidence for the three tested pathogenic fungal isolates. P. wltimum
isolates Nos. 1 and 3 showed more sensitive response than isolate No. 4 to the
introduced isolates of bacteria. Data also showed that B. subtilis isolate No. 1
showed superior effect comparing with isolate No. 2 on the pathogenic fungal
isolates which reflected on damping-off incidence.
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Table 2. Effect of different media on the antsgonistic effect of B, sudeilis against
the growth of P. uitimum in vitro

Average inhibition zone (mm)
. Tested Media
Fungal isolate .
b TSA | PDA SEA Mean
B i1 6 3 6.3
1 B, 12 8 2 1.3
Mean 11.5 7 2.5 6.8
B, 10 7 1 6
3 B, 10 5 1 5.3
Mean 10 6 1 5.6
Bl 11 7 2 6.3
4 B2 10 i 2 6.3
Mean 10.5 -1 2 6.3
B, 10.6 6.6 2 6.2
5 B, 10.6 6.6 1.6 6.3
Mean 10.6 6.6 1.8 6.2
LSD at: 5%
Isolate 0.276
Media 0370
Bioagent 0.370
IXM 0.478
1XB 0478
MXB 0.585
IMB 0.828

Table 3. Effect of B. subrilis as a seed treatment on sugar beet damping-off
caused by P. ultimum during the growing seasons 2003/2004

= Damping off %

£y Pythiun ultimum isolates

- Pre- ence Post- emergence

23 [Tsolate | Isolate | Isolate Isolate [ isolate | Isolate

S | Nod | No.3 | No.4 | Mean | No.l | No.3 | No.4 | Mean
= : )

B, 12 12 20 [213 1 16 4 2 13

B; 30 26 24 1266 ] 0 0 20 6.6

Control | 56 34 60 50 | 18 | 14 22 18
LSD Isolate Bioagent Isolatex Bioagent Isolate Bioagemt  IsolatexBioagent
5% 33 32 56 41 48 7.0
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Similar trend was aisc observed during the second growing season 2004/2005
(Table 4). In this regard, Saleh (1997) stated that the addition of antagonists to the
contaminated soil could influence the growth of pathogenic fungi.

Biological control of plant pathogens aims to minimize the inoculum density of
the pathogen and reduce the disease incidence (Berger et al., 1996 and Harris ef al.,
1994). ‘The antagonistic effects of Bacillus subtilis may be atiributed to the
competition which occurs between the two organisms require the same nutrients and
the use of these nutrients by one reduce the amount available to the other.

Also the antagonistic effect may be attributed to toxins or antibiotics secreted in
the growth medium as well as the production of antifungal volatiles (Lifshitz ef o/,
1986; Elad and Chet, 1987; Fiddaman and Rossal, 1993; Lefiert er al., 1995; Saieh,
1997 and Walker et al., 1998).

Tabile 4, Effect of B, subillis as a seed treatment on sugar beet damping-off
caused by P. wultimum during the growing seasons 2004/2005

;_g. Damping off (‘%)
B Pythium ultimum isolatzs
g g Pre-emergence Post-emergence
S 2
'§ 2 lso:ate Iso;ate Isolate Mean Isolate { Isolate | Isolate Mean
3 4 1 B 4
B, 10 10 38 19.3 14 4 4 7.3
B, | 26 20 227 | 26 [ 0 0 18 6.6
Control 52 30 48 43.3 16 12 16 14.7
LSD  Isolate Bioagent Isolatex Bioagent Isolate Bioagent IsolatexBioagent
5% 4.2 4.1 7.2 59 58 10.1
1% 5.6 5.6 9.7 7.8 73 13.6
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