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ABSTRACT
Botrytis cinerea is quite destructive and damaging plant disease, which infect tomato and many other
plants. Effective means of protection using bioicides is of interest in recent years. The used bioagents
were Streptomyces anulatus SM21, S. coelicolor SM1, Bacillus pumil
pumilus and Trichoderma harzianum.
They were selected for the high production of lytic enzymes including chitinase and protease on solid
and broth media. Effect of these bioicides on spore germination and radial growth of Botrytis cinerea
in vitro were recorded. Streptomyces anulatus SM21 was the most active bioagent and inhibited
Botrytis cinerea spore germination by 83% and inhibited fungal growth (inhibition zone diameter,
26.5 mm). Tomato plants were grown in sterile soil and infected with Botrytis cinerea. The infected
plants recoded significantly higher level of pectinase, peroxidase and catalase enzymes compared to
control plants (non infected plants) while treatment with biocides decreased levels of both peroxidase
and catalase to levels near to that of healthy plants. Moreover, inoculation of the infected plants with
the bioagent decreased the fungal infection and enhanced plant growth criteria. Shoot height (cm
/plant) root depth (cm/plant), number of leaves, dry weights of shoot and leaves were enhance
enhanced
compared to infected plants. Infection of the plants with Botrytis cinerea decreased Chlorophyll a+b
content of fresh leaves, Nitrogen (N), Phosphorous (P) and Mg+2 contents (mg/g) of the shoot
system compared to healthy plants while increased total soluble
soluble protein and total soluble sugars.
Treatment of plants by biocides removes almost the bad changes associated with the plant fungal
infection. The most effective treatment was using Streptomyces anulatus SM21. In conclusion,
Botrytis cinerea can be controlled using Streptomyces anulatus SM21, S. coelicolor SM1, Bacillus
pumilus or Trichoderma harzianum due to the presence lytic enzyme and their effects were similar to
that obtained by the antifungal Mancozeb.
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distribution, and reproduction in any medium, provided the original work is properly cited.
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INTRODUCTION
The well-known fungus, Botrytis cinerea cause gray mold
infection to a wide host ranges including tomato, potato, onion,
grapes and strawberry and cause yield losses (Janisiewicz,
1994, De Curtis et al.,., 1996). It can live and survive over a
widely distributed area, under wide range of conditions and for
long period as saprophytic fungus. Botrytis cinerea isolates
reduced crop productions and resist many chemical fungicides
which are unsafe and have potential to be carcinogens.
Biocontrol of this harmful fungus using certain microbes
including bacteria, fungi or yeasts has clinical, industrial and
agronomic interest and is an alternative treatment to chemical
fungicides (Mahmoud et al.,
., 2004, Mouekouba et al., 2013).
*Corresponding author: Lubna S. Nawar,
Department of Biology, Faculty of Science, King Abdulaziz
University, Jeddah, Saudi Arabia.

Biocontrol of pathogenic fungi have been studied for potential
applications in the field and preservation of foods (Lowes
et al., 2000, Sabaratnam and Traquair
Traquair, 2002). The possibility
of using the bioagent Streptomyces as novel and effective
biocontrol agents against fungi of environmental and
agronomical significance iss of growing interest. Sabaratnam
and Traquair (2002) used Streptomyces as biological control
agent for damping-off
off disease in tomato seedlings, caused by
Rhizoctonia. Van Minh et al
al. (2015) reported a potent
antifungal activity for Streptomyces sp. A3265 against some
fungal
plant
pathogens
including Botrytis
cinerea,
Colletotrichum gloeosporioides
gloeosporioides, and Rhizoctonia solani. They
added that Streptomyces sp. A3265 can be used to biocontrol
ginseng root rot and damping--off disease due to the presence
of guanidylfungin A and methyl guanidylfungin A which
showed antifungal activity against various fungal and bacterial
plant pathogens. Biological processes us
using Trichoderma
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harzianum are known antagonists to other fungi and have been
shown to be very potent biocontrol agents for plant harmful
fungi (Ait-Lahsen et al., 2001). Some yeast secreted killer
toxins with pretentious nature which is lethal to other yeasts
and some fungal isolates (Santos et al., 2004) which lived
under environmental stress (Marquina et al., 2002). Walker et
al. (1995) found that Pichia anomala, P. membranifaciens and
S. cerevisiae suppress some wood decaying and plant
pathogenic fungi including B. cinerea and Rhizoctonia solani.
For example, P. membranifaciens protect grape vine plants
against B. cinerea (Masih et al., 2001) and Candida sake
protects apples and pears against Penicillium expansum and B.
cinerea (Nunes et al., 2002).
The interactions between yeasts, fungi and bacteria may play a
key role in the natural process of biocontrol, although the
molecular mechanisms involved are still largely unknown.
Secretion of cell wall degrading enzymes (Masih et al., 2001),
competition for nutrients (Filonow, 1998), predation and
production of toxins (Woo et al., 2002) are possible
mechanisms of biocontrol. Moreover, the rhizosphere Bacillus
subtilis, obtained from Chilli, had high antagonistic activity for
Colletotrichum gloeosporioides, with inhibition zone diameter
of 0.5–1.0 cm (Ashwini and Srividya, 2014). Furthermore,
many species of the genus Trichoderma were used as
biocontrol agent of a broad range of phytopathogenic fungi
(Benítez et al. 2004). Schilly et al. (2014) reported that
T. asperellum significantly inhibited the fungus Fusarium
oxysporum f. sp. cubense which is devastating casual agent of
Fusarium wilts of banana, worldwide dangerous problem in
banana industry. The antagonistic properties of the
genus Trichoderma are due to multiple mechanisms which are
in synergistic interaction. Trichoderma inhibited fungal growth
through mycoparasitism, nutrients and space competion for,
enhancing plant growth and development through production
of material like biofertilisation (Benítez et al. 2004; Harman et
al. 2006) and Trichoderma are mainly resistant to fungicides,
thus they represent a biocontrol agent of banana leaf pathogens
under commercial conditions. Samuelian et al. (2016) identify
many Trichoderma strains from Musa acuminata leaves and
develop a strategy to support banana leaves colonization
by Trichoderma spores under natural conditions and support
the evidence of using Trichoderma spp. as a biological agent
in integrated management program. In this study, the potential
biocontrol of the grey mould B. cinerea is studied and the
antagonistic potential of some local bioagents against the
tomato pathogen Botrytis cinerea in vivo and in vitro is
investigated.

MATERIALS AND METHODS
Isolation and screening of chitinolytic bacteria
Bacillus
pumils,
Streptomyces
anulatus SM21
and
Streptomyces coelicolor SM1 and Trichoderma harzianum
NRRC-143 were obtained from the culture collection of the
Biology Department, Faculty of Science, KAU. Bacillus
pumils, S. anulatus SM21 and S. coelicolor SM1were isolated
from shrimp, characterized and genetically identified by Aly
et al., (2011a,b) while Trichoderma harzianum NRRC-143
was from the Microbial Properties Research Unit, USA. The

bacteria were grown and preserved on Nutrient agar medium
with 2% yeast extract (ATCC Medium 9) containing (g/l)
Nutrient Agar (BD 213000) 23.0, yeast extract 20.0 while the
fungus was grown on Potato dextrose agar (PDA) medium.
Chitinase detection
For chitinase production on agar plates, the tested microbes
were grown on chitin medium (g/l): colloidal chitin 1.0
(Trachuk et al., 1996), KH2PO4 0.7, K2HPO4 0.3, NaCl 4 and
MgSO4.7H2O 0.5 (Kim et al., 2003). For one liter, 20 g agar
was added when solid medium was needed. The plates were
incubated at 37°C for 2 days for bacteria and at 25°C for days
for Streptomyces and fungi. All plated were examined for the
presence of clear zone and the mean diameters were recorded.
Second screening were carried out in 250 ml Erlenmeyer flasks
contained 48 ml of chitin broth medium and inoculated with 2
ml of cell suspension containing 2x106 cfu/ml for bacteria and
4x104 for fungi and all flasks were incubated at 37°C and 80
rpm for 2 days for bacteria and at 25ᵒC for 5 days for
Streptomyces and fungi. The activity of chitinase in the culture
filtrates was determined using dinitrosalicylic acid method as
described by Miller, (1959). One chitinase unit is defined as
the enzyme quantity which is needed for one µmol production
at 50°C of reducing sugar per min. Protein content of the
culture filtrate was fetermined (Bradford,1976).
Proteolytic activity
For proteinase production on agar plates, the tested microbes
were grown Casein agar medium and the clear zone was
examined. In liquid medium, the proteolytic activity of the
tested microbes was determined according to Ramakrishna and
Pandit (1988). The Casein substrate, 0.5 ml of 1% (w/v) in 50
mM phosphate buffer was incubated with 0. 25 ml microbial
filtrate. After incubation at room temperature for 2 hours, 0.5
ml of trichloroacetic acid was added for stopping reaction. The
mixture was centrifuged as before under cooling, and
proteolytic activity (absorbance 280 nm) was determined
against blank and enzyme unit (U) is the amount of enzyme
that causes 0.1 increases in the absorbance/hr. (Tremacoldi and
Carmona, 2005).
Inoculum preparation, extraction and the inhibitory effects
on Botrytis cinerea
Streptomyces anulatus SM21 and S. coelicolor SM1 cells were
grown in starch nitrate broth medium (Shirling and Gottlieb,
1966) while Trichoderma harzianum NRRC-143 was grown
Czapeks dox broth medium and growth was carried out for 5
days at 25ᵒC and 80 rpm. Bacillus pumils was grown in
Nutrient broth for 2 days at 37ᵒC and 80 rpm. Finally, the
microbial cells were collected, washed and suspended in sterile
saline solution at concentrations, 6 x 106 cfu/ ml) and then
used for plant treatments (foliar application). Each culture
filtrate was dried by lypholiztion and the obtained residues
were dissolved in sterile dist. water (1g/10 ml, wt/v) and filter
sterilized and used to prepare water agar. Water agar (20 g/l)
was prepared, filter sterilized and water agar plates containing
the tested extract (20:1 v/v) were prepared. Then, 1 ml of B.
cinerea spore suspension (4x104 cfu/ml) was spread on the
surface of water agar plates and % of germination of Botrytis
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cinerea spores was determined after 12 hrs. of incubation at
25ᵒC in the dark using a light microscope. Using agar well
diffusion assay method described by Holder and Boyce (1994),
the effect of the tested microbial extracts on fungal growth was
determined in Petri dish plates containing potato dextrose agar
and inoculated with 1 ml of fungal spore suspension of B.
cinerea (4 x 104 CFU/ml). All inoculated plates were incubated
at 25ᵒC for 7 days and the antifungal activity was determined
by measuring the inhibition zone mean diameter (mm).
Soil preparation and plant growth and infection
Tomato seeds (Solanum lycopersicum) were obtained from
local market, Jeddah, Saudi Arabia. Seeds were disinfected by
soaking in 2% sodium hypochlorite for 15 min. and were
rinsed several times using sterile water. The sterile seeds were
put under the soil surface (5 seeds/ pot) and irrigated for 2
weeks with dist. water. Tomato plant shoots of 20 day old
were infected by spraying using 20 ml of Botrytis cinerea
spore suspension containing 4x104 spores/ml in 1% Tween 80.
About 1 and 2 weeks after infection, infected plants of each pot
were sprayed with 20 ml of each bioagent or Mancozeb
(SHANGHAI) at 1000 ppm. Plants in each pot were left to be
air-dried, sprayed with 15 ml of distilled water and covered
with plastic bags for 2 h to maintain the high humidity
atmosphere around the leaves. The plant was irrigated with tap
water for 2 months and fertilization of soil with NPK was
applied using 0.3 g of urea/kg soil, 0.37 g of Ca3(PO4)2/kg
soil, and 0.125 g of K2SO4/kg soil. The effect of the tested
microbes on the growth of tomato plants infected with Botrytis
cinerea was determined.
Physiological measurements
After 60 days, plants were harvested and peroxidase, catalase
and pectinase enzymes were determined in leaves (units/ml).
One unit is the amount of enzyme reacts with 1 mmole of
substrate/min. Fresh tomato leaves (about 0.5 g) were grinding
in 50 mM phosphate buffer (pH 7), under cooling and the
supernatant was collected after centrifugation (6000 rpm, 15
min.) and used for enzyme assay.

Peroxidase and catalase assays were carried out according to
Kato and Shimizu, (1987) while pectinase was assayed
according to Somogyi (1952). The acetonic extract of green
leaves was used for chlorophyll measurement (Arnon (1949,
Moran and Porath, 1980). Finally, shoot and leave dry weights
were recorded after drying at 60ᵒC for 3 days. Total nitrogen
and phosphorus concentrations of the plant were determined by
micro-Kjeldahl method (Jacobs, 1958) and molybdenum blue
method (Page, 1982), respectively while Mg+2 was quantified
as described by Allen et al. (1974) using atomic absorption.
Total soluble sugars (TSS) and total soluble proteins (TSP) in
the plants were estimated according to Naguib (1963, 1964,
and Lowry et al. (1951), respectively.
Statistical analysis
The obtained data were the mean of tree readings and
statistically analysis using T- test one way analysis of variance
or least significant difference (LSD). The differences at p≤ 0.5
were considered significant.

RESULTS AND DISCUSSION
Detection of chitinase and protease in Streptomyces
anulatus SM21, S. coelicolor SM1, Bacillus pumils, and
Trichoderma harzianum NRRC-143 were confirmed in solid
and liquid media (Table 1 and 2). Maximum production of
chitinase was obtained by Streptomyces anulatus SM21 (1.8
U/ml) while moderate production was recorded for the others
tested microbes and no production was found in uninoculated
medium. Streptomyces anulatus SM21, S. coelicolor SM1 and
Trichoderma harzianum produce higher quantities of protease
enzyme compared to control or Bacillus. The previous
enzymes have interesting roles in fungal growth inhibition and
fungal death. Streptomyces anulatus SM2, S. coelicolor SM1,
B. pumilus Trichoderma harzianum were grown in suitable
broth media and the culture filtrates were filter sterilized,
concentrated using lyophilization and the antifungal activity
on Botrytis cinerea spore germination and growth were
determined (Table 3).

Table 1. Chitinase detection and activity for some bacterial isolates and one fungal isolate on and in chitin media
Tested microbe

Chitinase enzyme detection
Solid medium
Growth on chitin agar medium
Clear zone formation (mm)
Streptomyces anulatus SM21
++++
11.1±0.53
Streptomyces coelicolor SM1
+++
12.2±0.49
Bacillus pumilus
++
6.8±0.33
Trichoderma harzianum
+
10.1±0.02
Control (un- inoculated medium)
ND
ND
LSD
Significant difference at p ≤0.05
++: moderate growth, +++: High growth, ++++: very high growth, ND: Not found

Liquid medium
Absorbance
U/ml
0.70 ±0.25
1.4±0.53
0.93±0.25
1.8±0.49
0.51±0.17
1.0±0.33
0.22±0.08
0.4±0.15
ND
ND

Table 2. Protease detection and activity for some bacterial isolates and one fungal isolate on and in Casein media
Protease enzyme detection
Solid medium
Tested microbe
Growth on casein agar medium
Clear zone formation (mm)
Streptomyces anulatus SM21
+++
17.1±2.0
Streptomyces coelicolor SM1
+++
19.0±4.44
Bacillus pumilus
+
8.0±1.30
Trichoderma harzianum
+++
20.0±3.22
Control (un- inoculated medium)
ND
ND
LSD
Significant difference at p ≤0.05
++: moderate growth, +++: High growth, ++++: very high growth, ND: Not found

Liquid medium
Absorbance
U/ml
2.8 ±0.25
28.0±3.33
2.4±0. 52
24.0±5. 9
1.1±0.11
11.0±1.03
2.9±0.54
29.0±5.17
ND
ND
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Culture filtrate of S. anulatus SM21 showed the highest
inhibition in spore germination (83%), followed by S.
coelicolor SM1 (70%), B. pumilus (66%) and finally
Trichoderma harzianum (39%). Mancozebs showed inhibition
in germination percentage (43%) of fungal spores. The
antifungal effects of the culture filtrate of the tested microbes
in addition to Mancozeb on Botrytis cinerea growth were
determined using agar well diffusion method (Table 3).
Maximum inhibition was recorded for Mancozeb (33.1 mm),
followed by T. harzianum (29.5 mm) and S. anulatus SM21
(26.5mm). The two isolates Streptomyces anulatus and S.
coelicolor were isolated from shrimp shells and showed the
best growth and chitinase production in liquid medium
containing soluble chitin (Aly et al., 2011a). Several species of
the genus Bacillus, Streptomyces and Trichoderma were
antagonistic for the fungal pathogens of different crops.
Bacillus subtilis suspensions were used to control Alternaria
citri, P. digitatum and Geotrichum candidum, isolated from
citrus fruits (Singh and Deverall, 1984). In recent years, the
demand for safer and ‘sustainable food is increased and
factories must be in areas close to agricultural plantations to
limit using chemical spraying which cause fungal resistance
and loss of effective control or increased the price of
application. Reduction of chemical residues in food is of
interest,
thus
the
use
of
biological
products
particularly antagonistic bacteria or fungi which are believed
to have the highest potential as a biofungicides around the
world (Lorito et al. 2010; Mukherjee et al. 2014).

Most of the research conducted has investigated the potential
of biological agents as alternatives for systemic chemicals for
the control of different fungal pathogens. The biocontrol agent
is clean strategy has many environmental benefits, decreased
not only the fungal disease and replace the chemical fungicides
but also reduced the appearance of resistant fungal isolates
(Samuelian et al., 2016). Most studies were carried to find a
biological agents which can be used as an alternatives to
synthetic fungicides (Jacobsen et al. 2004) and the use of
combination of biological agents with fungicides decreased
infections and lead to disease suppression like fungicide
treatment (Elad et al. 1993a, b; Monte 2001) and prevent
fungicide resistance. Moreover, local isolates showed effective
biocontrol activity than that obtained from different
environments due to adaptation of these isolates to their
environment. The effect of Streptomyces anulatus SM21, S.
coelicolor SM1, Bacillus pumils, and Trichoderma harzianum
NRRC-143 on Botrytis cinerea growth and development was
determined in vivo using tomato plant as a host. The plants
were grown in sterile soil and infected using spore suspension
of Botrytis cinerea. Infected plants were treated with either
Streptomyces anulatus SM21, S. coelicolor SM1, Bacillus
pumils, or Trichoderma harzianum. Fungal infection increased
some plant enzymes in fresh plants (pectinase, catalase and
peroxidase) and treatment of the infected plant with the
bioagents decreased the previous plant enzymes in fresh plants
compared to infected plants (Table 4).

Table 3. % of Germination of Botrytis spores and the inhibition zone (mm) using culture filtrates of the tested biocontrol agents
involving two species of Streptomyces, Bacillus and Trichoderma harzianum and compared to Mancozeb (1000 ppm)

% of germination of spore
Inhibition zone (mm)

Streptomyces
anulatus SM21
83%
26.5±4.58

Streptomyces
coelicolor SM1
70%
16.0±1.33

Bacillus
pumilus
66%
19.0±1.18

Trichoderma
harzianum
39%
29.5±3.00

Mancozeb
(1000 ppm)
43%
33.1±5.12

Control
0.0 %
0.0

Table 4. The means of the enzyme activities of fungal infected tomato plants and treated with three bacterial isolates,
Trichoderma harzianum, Mancozeb and compared to control (non infected plants)
Plant enzyme tested

Control
Infected and
Infected plants and treated with
(Healthy
non-treated
Streptomyces
Streptomyces
Bacillus Trichoderma
plants)
anulatus SM21 coelicolor SM1 pumilus harzianum
Peroxidase
3.32
5.76*
3.52
4.95
4.44
3.88
Catalase
3.17
6.92*
3.66
4.97
3.92
4.12
Pectinase
3.88
7.55*
3.99
4.5
4.9*
5.3*
*: in the same column followed by the same letter are not significantly different at the 0.05 level according to LSD

Mancozeb
(1000 ppm)
3.7
4.6
5.9*

Table 5. Some growth criteria of 2 months old tomato plant infected with Botrytis cinerea and either treated with some biocontrol
agents or Mancozeb or untreated and compared to control (healthy plant)
Infected plants with B. cinerea spores
Control
Treated
plants with bioagents
Infected and
Tested parameter
(Healthy
Streptomyces
Streptomyces
Bacillus
Trichoderm
Mancozeb
non-treated
plants)
anulatus SM21 coelicolor SM1
pumilus
a harzianum
(1000 ppm)
Shoot height (cm /plant)
60.1±3.3
49.1±1.5
53.1±3.2
55.11±3.4
51.11±5.5
31.1±3.0
69.1±3.5
Root depth (cm/plant)
6.1±0.5
6.0±0.5
5.1±1.3
4.91±3.5
6.1±0.5
4.22±0.5
6.1±3.5
Leaf number/plant
10.1±0.4
11±2.0
11±2.5
10.61±2.4
10.33±2.1
7.1±1.5
10.9±2.4
Shoot DW (g /plant)
9.5±2.4
7.15±2.4
7.44±2.4
9.25±2.4
8.55±2.0
2.04±0.05
10.8±2.4
Leaf DW (g /plant)
2.4±0.2
2.0±0.9
2.99±0.5
1.90±0.12
2.4.0±0.35
0.99±1.5
3.0±0.22
Chl a + b (mg/g f.wt)
10.4±0.2
10.31±0.1
8.78±.5
11.80±1.5
11.44±0.5
9.1±0.35
11.44±.50
TSS (mg/g)
279.4±9.2
213.5±7.2
190.4±10.2
222.4±13.0
189.9±22.2
200.3±9.1
252.4±6.9
TSP (mg/g)
165.55
155.77
143.55
148.77±4.9
155.7
151.44±7.9
146.66±2.1
N (mg/g)
23.40±2.31
21.40±0.76
22.40±0.741
20.40±0.43
20.10±0.11
24.6±2.15
24.40±0.71
P (mg/g)
14.80±0.21
15.20±0.31
15.40±0.71
13.30±0.71
14.10±0.71
11.5±1.3
17.90±3.33
+2
Mg (mg/g)
5.50±1.7
5.90±0.39
6.40±1. 1
5.40±0.61
6.4 ±0.66
5.6±0.9
6.91±3.5
DW (g /plant): Dry weight (g/plant), mg/g f.wt: mg/g fresh weight, Chl a + b: Chlorophyll a+b, TSS: Total soluble sugars, TSP: Total soluble protein, N:
Nitrogen, P: phosphorous, Mg: magnesium
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High indication of the antioxidant enzymes, peroxidase and
catalase in the fungal infected plants is a plants protecting
mechanism against the effect of pectinase on the plant cell
walls and the degree of infection depend on the ability of the
pathogens to secrete pectinase (Mahmoud et al., 2004).
Oxidative enzymes influence the oxidation of phenolic
compounds such as quinones which is highly toxic to plants.
The changes in pectinase activity under the different biocontrol
agents may due the degree of pathogen inhibition. Table 5
showed that shoot height, root depth, leaf numbers, shoot and
Leaf dry weighs chlorophyll a+b content of the tomato fresh
leaves decreased with fungal infection due to cell wall
hydrolysis and cell death while the biocontrol agents increased
the previous criteria. Moreover, the quantities of TSS, TSP,
nitrogen, phosphorous and Mg+2 contents were differed in
dried plant materials of infected and control (healthy) plants.
The variation in nitrogen, phosphorous and Mg+2 contents of
the treated plants may due to the influence of these treatments
on the uptake and metabolism in plant. The decrease in mineral
content of the infected plants might due to the fungal
consumption and removal of this effect by plant spraying with
some bioagents which have antifungal effects.
Fungal
infection reduced photosynthetic pigments (Chl a + b) which
may due to variation in nitrogen and Mg+2 content of the
tomato leaves.
Nitrogen and magnesium are major
components of chlorophyll molecules (AbuGrab and Ebrahim,
2000). As it is well known, changes in carbohydrate
concentrations with the plant treatments could be attributed to
their effects on the Chl content of leaves (Aly et al. 2003).
Therefore, we recommend the use of T. harzianum,
Streptomyces, Bacillus to control the growth and development
of B. cinerea). The endophyte Clonostachys rosea, a fungal
species of the family Bionectriaceae, colonizes living plants
and induce resistance against a number of plant pathogens
especially Botrytis cinerea which cause gray mold disease in
tomato leaves (Mouekouba et al., 2013). They also indicated
that C. rosea treatment stimulated the activity of the
superoxide dismutase (SOD), the nitric oxide (NO) and
hydrogen peroxide (H2O2), thus reduced the incidence and
severity of gray mold on tomato plant. They added that
infection of tomato leaves with B. cinerea decreased by the
presence of C. rosea which is excellent biocontrol agent for
gray mold of tomato plants due to induction activities of SOD,
NO and H2O2. Peighami-Ashnaei (2009) in vitro tested some
bacteria for biological control of Botrytis cinerea and found
that Pseudomonas fluorescens P-35 and Bacillus subtilis B-16
showed the most inhibitory zone against B. cinerea and in vivo
study they showed considerable inhibition of B. cinerea on
apple fruits and reduced the grey mould from 100% to less
than 35 % while application of thiabendazol at 1500 mg/litre
reduce the disease from 100% to 30% and 60%, after 10 and
20 days respectively. They also indicated that there is no
significant difference among the treatments (thiabendazol and
bacterial strains), so, bacterial strains could not only control
the disease but also be a reliable replacement instead of
Thiabendazol. Treatment of injured fruit by covering it with
bacterial suspensions or powders of B. subtilis markedly
controlled the decaying process of Pencillium digitatum and
other decaying fungi (Singh and Deverall, 1984). Similarly,
about 19 Bacillus isolates were used to control the pathogenic
fungus Macrophomina phaseolina and the author reported that

the antifungal activities may due to lytic enzymes as chitinase,
siderophores and volatile and non-volatile compounds and they
added that the most promising isolate RP5, obtained from wild
castor bean rhizoplane, effectively controlled M. phaseolina
growth (Villela Marroni, 2015). The genus Streptomyces from
the rhizosphere have antagonistic activity against fungi and the
isolate Streptomyces sioyaensis TM32 exhibited distinctive
antagonistic activity to control root disease, caused
by Rigidoporus sp. (Nakaew et al., 2015). They added that the
isolate TM32 produced indole-3-acetic acid, chitinase and
siderophore which suppressed the disease and this isolate can
be used as an alternative treatment for soil-borne fungal
control of rubber tree. Trichoderma isolates as T.
harzianum and T. virens showed antagonistic effect to banana
leaf pathogens Mycosphaerella musicola, Cordana musae,
and Deightoniella torulosa in vitro and in vivo under
glasshouse conditions. In conclusion, the bioagents S.
anulatus SM21, S. coelicolor SM1, B. pumilus or T. harzianum
can be used to controlled Botrytis cinerea on tomato and their
antifungal effects were similar to the antifungal Mancozeb.
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