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ABSTRACT

Rhizoctonia solani causing damping —off in sugar beet, which is one of the most destructive diseases in this crop worldwide. In this
work, twelve bacterial isolates were isolated from rhizosphere of sugar beet crop of which six isolates showed antifungal activity against
these phytopathogen, were identified as Bacillus spp. , Bacillus amyloliquefaciens and Bacillus pseudomycodies by standard tests and the
application of biolog system .The most efffective and selected bacterial isolate (No. 8) obtained from sugar beet rhizosphere was identified
using 16S rRNA .Moreover, three species of fungi as Trichoderma spp.were successfully used by several investigators to control sugar beet
damping - off . In vivo, results of seed soaking with tested B. amyloliquefaciens showed that the most effective in controlling damping —off
disease(93.33%) followed by 7. hamatum (90.0%). While B.pseudomycodies recorded value of survival plants (86.67%), Bacillus sp.( 6) ,
Bacillus sp. (1) , T. viride , Bacillus sp.(2) , T. harzianum and Bacillus sp. (3) (76.67%, 76.67%,66.67%, 63.33%, 60.00%, 56.67%
Jrespectively) indicated that seed coating with 7.harzianum was the most effective in controlling disease (83.33%), followed by 7. hamatum,
B. amyloliquefaciens, B.pseudomycodies , T. viride , Bacillus sp.(2), Bacillus sp. (1), Bacillus sp. (3) and Bacillus sp.( 6) (76.67%, 70.00%,
66.67%, 60.00%, 60.00%,36.67%, 33.33%, 26.67% , respectively) in soil infested with Rhizoctonia solani.
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INTRODUCTION

Sugar-beet (Beta vulgaris) is one of the most
important sugar crops all over of the world. In Egypt, due
to the great consumption of sugar, the production of sugar-
beet must be increased to cover the requirement of sugar
which depending sugar cane(Abo-Elnaga ,2014).

Seedling diseases can be caused by several
common soil borne genera, such as Pythium, Fusarium and
Rhizoctonia. Seedling diseases are often difficult to
diagnose because they have similar symptoms. Diagnosis
of a specific disease may be of limited value because
management may be similar for several seedling diseases
(Vincelli, 2008). Bacillus spp. in particular are gaining
recognition as safe biocontrol agents in a variety of crops,
specifically as seed protectants and antifungal agents
(Haggag, 2008). Moreover, they are spore-formers, which
impart a natural formulation advantage over other
microorganisms.

Trichoderma spp. are fungi that occur worldwide.
Recent studies show that they are not only parasites of
fungal plant pathogens but also can produce antibiotics. In
addition, certain strains can induce systemic and localized
resistance to several plant pathogens also , some strains
may enhance plant growth and development(Anita et al. ,
2012).In general, Trichoderma spp. are very effective
biocontrol agents and controlling seedling disease in suger
beet (Afify, et al, 2017 &2018) .

The aim of the present study was to study the
possibility of controlling sugar beet damping —off disease
by using some bioagents (Bacillus spp. and Trichoderma
spp. ) in laboratory and greenhouse conditions.

MATERIALS AND METHODS

Soil samples collection

The soil preserved in fridge and examined within
week of collection. Rhizosphere sugar beet soils were
collected and removed by shaking of plant roots El —
pana,( 2018).
Isolation and purification of bacteria

Ten grams of soil samples was suspended in 90 ml
of sterile tap water and by serial dilutions plate method
were made. Three replicates were prepared from each
dilution. Colony forming units were obtained after two

days of incubation at 30°C. The bacteria were isolated and
purified on nutrient agar (NA) medium ( Harry and Paul ,
1989).
Fungal strains as bioagents

Three fungal strains namely; T viride, T. harzianum
and 7. hamatum  were obtained from Plant Pathology
Research Institute, Agric. Res. Center (A.R.C), Giza,
Egypt.
Pathogenic fungus

The pathogen , Rhizoctonia solani was used in
these experiments namely soil-borne fungus. The standard
culture of this fungus was obtained from Agric. Res.
Center (A.R.C), Plant Pathology Research Institute,
Mycology Research& Plant Disease Survey Department,
Giza, Egypt.
Host plant

Sugar beet (Beta vulgaris L.) cultivar Sultan
provided by Sugar Crops Dis. Res. Dept., Plant Pathol.
Res. Instit., Agric. Res. Center (A.R.C), Giza, Egypt.
In vitro experiment
Antagonism between the isolated bacteria, Trichoderma
spp. and the causal pathogenic fungus

This experiment was carried out to study the
relationship between the tested pathogenic fungus
(Rhizoctonia solani) and bioagents according to Ferreira et
al., (1991).
Identification of bacterial isolates

The isolates of bacteria were selected that gave
comparable results in vitro. These bacterial isolates were
identified by standard tests according to Bergey's Manual of
Systematic Bacteriology (2005), by the application of
biolog system in the Cairo MIRCEN , Fac. Of Agric. ASU.
Egypt (Biolog ,2013) and by molecular identification .
Molecular identification of the selected bacterial isolate

In order to confirm morphological identification of
the most efffective and selected bacterial isolate (No. 8)
this obtained from rhizosphere sugar beet.Molecular
identification was done by Sigma Scientific Services
Co.using 16S rRNA gene. The resulted nucleotide
sequences was blasted in National Center for
Biotechnology Information database (NCBI) (www .
ncbi.nlm.nih .gov /blast) to identify the DNA sequence.To
functionally characterize the isolated DNA fragment,
similar sequence of ITS was used in many bacteria related
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to our targets species and phylogentic trees were
deduced.The nucleotide sequence of 16S RNA gene of B.
amyloliquefaciens sub sp. plantarum FZB42T .
Greenhouse experiments
Soil infestation technique

Glass bottles of 500 ml capacity containing 100 g
barley grain and 100 ml water were autoclaved for 30
minutes at 1.5 atm, then inoculated with 7- day old
pathogenic fungus culture and incubated at 28 + 1°C for 15
days. Sandy-clay soil was prepared by mixing sand and
clay (1: 2) and sterilized by 5% formalin solution. The
pots(35 cm diameter) supplied with 5 kg of the prepared
soil were used. Infestation was carried out by fungs under
the study at the ratio of 2% of potted soil and the pots were
moisted with water for one week before sowing (Abo-
Elnaga ,2014).
Disease assessment

Readings of seedling and plant stands were taken at
15 and 45 days of planting. Disease assessment was carried
out by recording the percentage of pre, post-emergence
damping-off after 15 and 45 days and survived plants after
sowing, respectively, as follow:
Ma.of now germimnted reeds

Teotal cultivated ssads
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Past damping off tgs ———————— =100
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Seeds treatment and cultivation

Seeds of sugar beet was treated with bioagents by
soaking and coating. Seeds were cultivated in infested soil
(10 seeds/pot). Three replicate pots (No. 35 cm diameter)
were used and uninfested soil acted as a control (Singh
and Mehrotra , 1980 & Kommedahl et al.,1981).
Detection of antagonistic compounds
1- Hydrogen cyanide (HCN)

Production of HCN was detected according to the
method of Lorck (1948)
2- Indole Acetic Acid (IAA)

Production of IAA was detected according to the
method of Patten and Glick (2002).
3- Cellulase

Aerobic cellulose decomposition was determined
using Dubos medium (Allen, 1959).
4-Chitinase

Colloidal chitin was prepared by modified method
as described by Faramarzi et al., (2009).
Statistical analysis

The obtained data were subjected to analysis of
variance (ANOVA) (Steel and Terrie 1960). Duncan's
multiple range test (MRT) was applied for comparing
means under the study (Duncan, 1955).

RESULTS AND DISCUSSION

Antagonistic effect of different bacterial isolates against
R. solani in vitro

The results obtained are presented in Table 1 . All
twelve bacterial isolates were tested in vitro against
Rhizoctonia solani causing damping-off. Six bacterial
isolates (No. 3,5,6 8,10 & 11) were chosen because they
gave better results for inhibition pathogenic fungus
(Sagahon et al., 2011).

Table 1. Selecting of different bacterial isolates to
antagonism against Rhizoctonia solani .
Bacterial isolates Inhibition zone (mm)

No. R. solani
1 0.0
2 0.0
3 0.16°
4 0.0
5 0.33¢
6 0.33¢
7 0.0
8 1.46°
9 0.0
10 0.76°
11 0.60°
12 0.0
Control 0.0

Mean within acolumn with the same letter are not significantly
different (P<0.05)

Photol

. Inhibation of
antagonistic bacterial isolates

Rhizoctonia solani by

Effect of Trichoderma spp. on growth of Rhizoctonia
solan

Data presented in Table 2 indicated that all
Trichoderma spp. actively affected the growth of the
pathogen under study and slight differences between them
were observed. Trichoderma viride, T. harzianum and T.
hamatum were the most potent inhibitors to the growth of
R. solani (Moussa, 2002; Kazempour, 2004 and Abo-
Elnaga, 2014).

Table 2. Effect of Trichoderma spp. on growth of

Rhizoctonia solani
Trichoderma spp. Rhizoctonia solani
T. viride ++
T harzianum +
T. hamatum +

(++) inhibition of pathogen by over growth
Identification of bacterial isolates

Data in Table 3 showed six isolates of bacteria
were identified by morphological and biochemical
characteristics tests. The isolates are (No. 3, 5, 6, 8,10
&11) belonging to the genus Bacillus.
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Table 3 . Some morphological and biochemical characteristics of the effective biocontrol bacterial isolates

Tests Bacterial isolates No.

Morphological characters 3
Gram stain +
Spore forming +
Motility +
Capsule formation

Cell diameter (pum) (1x5)

o

4+

8
+
+
+

10
+
+
+

11

+ +

Sequence of morphological changes (1.5x4-5)  (4x1.2)  (1.5x(3-4)) (4x1)

Biochemical characters
Indole production
Voges- proskauer test
Methyl Red test

Citrate utilization
Catalase production
Starch hydrolysis
Casein hydrolysis
Gelatin liquefaction
Cellulase production
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Sugars assimilation
Glucose

Mannitol

Sucrose

Fructose

Lactose

Dextrin

Xylose -
Glycerol -

o+

o+

o+

o+

Vo o+ 4

i

Identification of bacterial isolates by biolog system

After identification of the bacteria by morphological
and biochemical methods according to Bergey,s Manual of
Systematic Bacteriology (2005). Results in Table 4
showning the two bacterial isolates (No. 8 &10 ) that the
most effective towards fungal pathogen were identified by
biolog system and isolate (No. 8) was also , identified by
16S rRNA and phylogenetic analysis was presented in Fig.1.
The final results of identification are presented in Table 4 .
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Fig .1. Phylogenotic analysis of the nucleic acid sequences of 16S rRNA of the Gram positive bacteria with

antifungal activity

Table 4 .Scientific name of bacterial isolates

?Sacterlal Scientific name Identifcation
isolates No.
3 Bacillus sp. (1) standerd tests
5 Bacillus sp. (2) standerd tests
6 Bacillus sp. (3) standerd tests
8 B. amyloliquefaciens biology system + 16S rRNA
10 B. pseudomycodies biology system
11 Bacillus sp. (6) standerd tests
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Greenhouse experiments

In greenhouse conditions, statistical analysis of data
indicated significant differences in pre-and post-emergence
damping —off and also, survival plants for two methods of
seed treatments. All of the tested bioagents for all methods
applications are effective in reducing pre- and post-
emergence damping-off and increased survival plants caused
by R. solani (Table 5) of sugar beet. Results of seed soaking
with tested B. amyloliquefaciens showed that the most
effective in controlling damping —off disease (93.33 %
survival plants) followed by T . hamatum and B.
pseudomycodies ( 90.00% and 86.67% survival plants,
respectively). While, Bacillus sp. (3) recorded the lowest
value of survival plants (56.67%) and T . harzianum (60.00
%) the tested bioagent fell in between compared with the

control (33.33%). Also, data presented in (Table 5)
indicated that seed coating with 7. harzianum was the most
effective in controlling disease, hence it gave the highest
survival plants( 83.33 %) , followed by 7. hamatum and B.
amyloliquefaciens ( 76.67% and 70.00 % survival plants,
respectively).On the other hand B.pseudomycodies, Bacillus
sp.(6) and Bacillus sp.(3) were the lowest in controlling
damping — off and reducing survival plants ( 66.67%,
26.67% and 33.33% respectively) R. solani compared with
the control( 23.33 %). Generally, data in (Table 5) showed
that seed soaking with bioagents was the most effective in
controlling damping —off disease compared with seed
coating on controlling sugar beet damping — off disease
caused by R.solani in greenhouse conditions.

Table 5. Effect of bioagents with two methods of seeds application on controlling sugar beet damping — off disease

caused by R. solani in greenhouse conditions

Seed soaking

Seed coating

Es‘:sge“ts Damping- off (%) Survival Damping- off (%) Survival
Pre- emergence  Post- emergence (%) Pre- emergence Post- emergence (%)
Bacillus sp. (1) 10.00° 13.33%4 76.67° 46.67° 16.67™ 36.67°
Bacillus sp.(2) 13.33% 23.33% 63.33" 26.67™ 13.33% 60.00°
Bacillus sp. (3) 23.33° 23.33% 56.67° 43.33% 23.33%¢ 33.33¢
B.amyloliquefaciens 0.00¢ 6.67° 93.33° 16.67% 13.33% 70.00®
B pseudomycodies 6.67% 6.67 86.67" 20.00% 13.33% 66.67°
Bacillus sp 6) 3.33¢ 20.00%¢ 76.67% 43.33% 26.67% 26.67°
T, viride 13.33% 20.00™ 66.67" 16.67¢ 23.33% 60.00°
T. harzianum 20.00™ 20.00™ 60.00" 6.67 10.00° 83.33"
T. hamatum 0.00° 10.00% 90.00° 10.00 13.33% 76.67°
Control 40.00° 26.67° 33.33¢ 46.67° 30.00° 23.33°

In the same column, means followed by the same letter are not significantly different at 5% level.

The results in the greenhouse are in agreement with
those obtained by Jorjani et al,( 2012 ); Sedki and El-
Mohamady , ( 2012 ) & Eid , ( 2014 ). Beet root rot was
also, found throughout the present investigation to be
affected by bioagent treatments. It was reported that
treatment seed with biocontrol agents is the most effective
and economical method of introducing the bioagents
against seed and soilborne pathogens. They prevent seed
decay, seedling blight or pre-emergence damping off
diseases. Trichoderma spp. and Bacillus subtilis were
successfully used by several investigators to control some
major diseases that affect field crops such as sugar beet by
seed treatments ( Abo-Elnaga , 2014).

Microbiological parameters for antagonistic
Production of HCN, IAA and some enzymes by
bioagents

Data presented in Table 6 indicated that bacterial
isolates were all negative for HCN production, and
cellulase. Similar results were obtained by Singh et al.,
(2008).

Table 6 . Production of antagonistic properties from
bacteria and fungi

Microorganisms HCN IAA Chitinase Cellulase
B. amyloliquefaciens - + + -
B. pseudomycodies - + + -
Tviride + + - -
T. harzianum + + - -
T. hamatum + + - -

All bacterial isolates were positive for TAA and
chitinase . In case of Trichoderma spp. , who was reported

that all isolates were positive for HCN and ITAA while
negative for both cellulase and chitinase were found . The
results are in agreement with those obtained by Arora ef al.,
(1991); Ashour and Afify, 2017and Bayoumy et al., (2017)

Finally, this shows that genera Bacillus and
Trichoderma are quite important for effective as biocontrol
agents.
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