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ABSTRACT
Seventy two isolates of Actinomycetes were isolated from various new reclaimed areas “North Sinai,
South Sinai, Northern Coastal Zone and Siwa Oasis” Egypt, from 2013-2015. All isolates were tested for
their antagonistic ability against some plant pathogenic “fungi Alternaria alternata, Alternaria solani,
Cladosporium cladosporioides, Curvularia spp., Fusarium oxysporum, Fusarium solani, Fusarium
moniliforme, Macrophomina phaseolina, Pythium ultimum, and Rhizoctonia solani” and exhibited different
antifungal effects under in vitro culture conditions. Twelve isolates were found to be antagonist against
the most of the tested fungi, while two isolates (Act5 and Act11) exhibited antagonistic effect against all
tested phytopathogenic fungi, which were identified as Streptomyces spp. The obtained results showed
that Act5 inhibited the mycelial growth of the pathogens Rhizoctonia solani and Fusarium oxysporum f.sp.
lycopersici by 82, 75% while the inhibition rates were 71, 78%, by Act11. The activities of two isolates of
Streptomyces spp. were investigated on tomato plants against Fusarium oxysporum f. sp. lycopersici and
Rhizoctonia solani under greenhouse conditions. Act5 reduced disease incidence by 61.1% and 57.3%,
when applied before and after artificial soil infestation, while Act11 reduced the diseases incidence by
50.8% and 42.7%, before and after artificial soil infestation, respectively compared with the control.
Moreover, Act5 and Act11 have positive effects on different growth traits (shoot/root length, shoot/root
fresh weight). The present study indicates that Act5 and Act11 could be potential biological control of the
tested pathogens.
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INTRODUCTION
Fungal plant diseases are considered serious problems
with a wide host range and globally distribution.
Rhizoctonia solani and Fusarium oxysporum are
responsible for some plant diseases such as root rot
1
and wilt in various crops . Excessive use of chemical
pesticides causes many environmental and health
problems as well as the development of pathogen
2
resistance to fungicide . Biological control provides
environmentally friendly products which have potential
effects against plant pathogens as alternative to
3
chemical control . The increasing interest for
environmental protection and organic farming leads
research towards alternative control tools, such as the
4
use of natural antagonists to control of plant pathogens .
Fungal plant disease control using natural fungicides
such as non-pathogenic microorganisms is very
interesting because the biocontrol agents are safe to the
5-6
environment and human . Actinomycetes are the most
widely distributed group of microorganisms in nature.
They are found abundantly in cultivated and uncultivated
7
8
soils in various regions worldwide . Sanglier et al.
mentioned that over one thousand secondary
metabolites from Actinomycetes were reported during
the years 1988-1992, and approximately 75% of these
compounds were produced by Streptomyces. Besides
that, the Actinomycetes play an important role as
9
biocontrol agents against extensive plant pathogens .
Several researchers have studied the control of plant
10-11
pathogens by using various Actinomycetes agents
.
Many species of Actinomycetes, especially those
belonging to the genus Streptomyces, are well known as
antifungal agents that inhibit several pathogenic fungi.
Streptomyces have significant role in control of some
phytopathogens due to its ability to produce different
12
types of antibiotics . In relation to number and variety of
identified species, Streptomyces represents one of the
largest
taxonomic
characters
of
recognized
13
Actinomycetes . Actinomycetes produce 70- 80% of
bioactive secondary metabolites, where approximately
60% of antibiotics developed for agricultural use are
14
isolated from Streptomyces spp. . Streptomyces have
been found to control plant diseases through their
potential effects such as source of bioactive
compounds, plant growth promoter and biocontrol of
plant diseases. The antifungal mechanisms may include
physical contact, toxic compounds or antibiotics, effect
11,
15
of hydrolytic enzymes, and competition
.
Actinomycetes have the capability to produce different
types of active metabolites such as antibiotics,
pesticides, and enzymes like cellulase, proteinase and
chitinase. Several researchers have reported that
Actinomycetes are a promising group of fungus16
antagonistic . More than 50% of microorganisms
isolated from soil showed antagonistic properties.
Among them Actinomycetes are predominant, mainly
17
from the genera Streptomyces and Micromonospora .
The soilborne tomato root-infecting pathogens Fusarium
oxysporum and Rhizoctonia solani are particularly
difficult to control using standard cultural and chemical
methods due to appearance of new races of the

pathogens and instability of resistance to pathogens
.
Growing awareness of the potential hazards in using
agrochemicals has led to increasing interests on
20
alternative methods for effective disease control . The
present study aims to isolate antagonistic Streptomyces
from soil to investigate its potential effects on the growth
of plant pathogenic fungi Alternaria alternata, Alternaria
solani, Cladosporium cladosporioides , Curvularia spp.,
Fusarium oxysporum, Fusarium solani, Fusarium
moniliforme, Macrophomina phaseolina, Pythium
ultimum, and Rhizoctonia solani under in vitro
conditions. The effective isolates were evaluated to
control of Rhizoctonia solani and Fusarium oxysporum
f.sp. lycopersici on tomato plants under greenhouse
conditions, while some biochemical and physiological
properties were also investigated.

MATERIALS AND METHODS
Isolation, purification and identification of fungal
pathogens
The fungal pathogens were primarily isolated from
several naturally diseased plants collected from different
cultivated newly reclaimed locations North Sinai, South
Sinai, Northern Coastal Zone and Siwa Oasis, Egypt. All
plant samples were cut into small pieces and were
sterilized for 2 min in sodium hypochlorite (2%) then
washed by sterilized distilled water, and dried between
two layers of sterilized filter paper. All plant pieces were
cultured on potato dextrose agar (PDA) medium and
incubated at 28°for 7 days. The fungal cultures were
picked up and purified by hyphal tip or single spore
technique. Then the fungi were identified at Plant
Protection Dept., Desert Research Center, Egypt,
according to their cultural, morphological and
microscopical characteristics. The fungal isolates were
maintained on PDA slants and kept at 4°C for further
10
studies .
Isolation and purification of Actinomycetes isolates
Random rhizosphere soil samples were collected from
different locations North Sinai, South Sinai, North
Coastal Zone and Siwa Oasis then stored in sterile
plastic bags, labeled in the field and stored at 4°C until
use. Soil samples (300 g) were carefully taken with
spatula down to 10-20 cm below the soil surface
(around the plant roots), a weight of 10 g of air-dried soil
sample were immerged in 90 ml of sterile distilled water,
and shake well then allowed to stand for 10 min, serial
-1
-6
dilutions were carried out from 10 to 10 . Only 0.1 ml
-3
-5
-6
of different aqueous dilutions, 10 , 10 and 10 were
transferred to the growth medium in petri dishes and
spread under aseptic conditions, then incubated for 6-7
21
days at 28±2°C for isolation . Starch-casein agar,
starch-nitrate agar, and King’s B media were used for
Actinomycetes isolation. The pH media was adjusted to
8.6 by 1 N NaOH solutions. Actinomycetes colonies
were
picked
based
on
their
morphological
characteristics then purified and transferred into slants
of starch nitrate/ NaCl. The pure culture slants were
22
stocked at 4°C until further experiments .
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Maintenance and preservation of Actinomycetes
isolates
The obtained Actinomycetes isolates were maintained
on starch-nitrate agar slants and sub cultured
periodically then kept in refrigerator. Also isolates were
preserved by freezing at -20°C on starch-nitrate agar
23
media containing 20% glycerol .
In vitro screening and assessment of antifungal
effects of Actinomycetes against phytopathogenic
fungi
The antagonistic activity of all Actinomycetes isolates
were examined against fungal pathogens. Each
Actinomycetes isolate was smeared on starch nitrate
agar medium (SNA) as a net streaks after incubation at
28 ±2ºC for 7 days. Then the antagonist was inoculated
into PDA plates. After 4 days, fungal pathogen disks (5
mm) from fresh lawn cultures were added to the plates
near the edges. Plates were incubated at 28 ±2°C for 6
days. Antifungal activity was studied where the rate of
inhibition was calculated. Inhibiting of fungal growth was
detected as the size of the clear zone, defined as the
distance between the leading edge of fungal growth and
the closest edge of the Actinomycetes growth, and the
strains were ranked accordingly, inhibition was
expressed relative to a control strain spotted on the
same plate. Four replicates were done for each
treatment. The isolates showed the greatest inhibition
were selected as potential antagonistic Actinomycetes
24
. To confirm previous results, Act5 and Act11 isolates
were in vitro re-evaluated against pathogens. One disk
of each fungal pathogen was placed on PDA medium at
the two sides of plates and the Actinomycetes added as
streak in the middle. The cultures were incubated at 28
ºC. The radial growth of fungi was recorded after 7 days.
25
The inhibition rate was calculated by the formula ;
Inh. = (C-T/C)×100
Where, Inh. is the present inhibition; C, the colony
diameter in control plate and T, the colony diameter in
treated plate.
Characteristics of most active Actinomycetes
isolates
Microscopic examination was conducted for the mature
sporulated aerial mycelium color; the spore bearing
hyphae and spore chain (spore chain and surface
22
morphology for two weeks old) according to Holt et al .
Biochemical and physiological characteristics of
most active Actinomycetes isolates
For biochemical characterization, activity of selected
isolates to utilize different nitrogen and carbon sources
(glucose, xylose, galactose, lactose, sucrose, fructose,
mannitol and starch) and nitrogen sources (ammonium
chloride, sodium
nitrate, ammonium
sulphate,
ammonium acetate, peptone, beef, lysin, phenyl
26
alanine) were tested according to Vimal et al. .
Physiological characteristics such as hydrolosis of
protein, starch, cellulose, pectin and protein were
27
studied according to Venkata and Divakar . Also the
thermo tolerability was tested for selected isolates,

growth at (35, 50, 60 ºC) as well as under saline
conditions 1 and 5% NaCl.
Light Microscopy study of Actinomycetes and
fungal pathogen interaction
The interaction of potential antagonistic isolates and
fungal pathogen was investigated using light
microscopy. Samples were obtained from the pathogen
and antagonist interaction zones in the plate assay and
observed under the light microscope according to
28
Sowndhararajan .
Effectiveness evaluation for selected Actinomycetes
against tested fungi under greenhouse conditions
Pot experiment was carried out in the greenhouse of
Plant Protection Department, Desert Research Center,
Egypt. The experiment was designed to study the
antifungal activity of two Actinomycetes against tested
pathogenic fungi. Based on the results of the in vitro
assays, two Actinomycetes isolates (Act5 and Act11)
were used to evaluate their effectiveness against F.
oxysporum f.sp. lycopersici and Rhizoctonia solani on
tomato plants. Artificial inoculation was done in pots one
week before transplanting. The surface layer of soil was
removed, and the soils were infested with 10 ml of each
pathogen suspension diluted in 90 ml distilled water.
The pots were covered with plastic film and incubated
for one week to promote pathogen growth. R. Solani
and F. oxysporum density in the infested soils was
4
evaluated at 10 CFU g−1 according to Larkin and
29
Fravel . Tomato seedlings (Castle-Rock cultivar) were
transplanted in pots. The biomass and culture filtrate
mixture of each selected Actinomycetes were obtained
after growing on starch nitrate broth media for 7 days at
28°C under continues shaking conditions, where 100 ml
8
9
of Actinomycetes culture suspensions (10 -10 CFU/ml)
were poured into the soil twice as one week before and
30
after inoculation, (100 ml distilled water for control) .
For each treatment, six tomato seedlings were sown per
pot, with ten replicates per treatment using a fully
randomized complete block. After 30 days, seedlings
were carefully removed from the soil and washed with
tap water. Plants were drenched fungal pathogen only
served as inoculated control. Plants were observed to
record symptoms and disease incidence. Number of
symptomatic leaves and dead plants were recorded for
foliar wilt development ratings on plant and calculated
31
by the following formula

After 50 days, plants were uprooted and plant height,
plant fresh weight were recorded.

STATISTICAL ANALYSIS
Data were statistically analyzed using the method
32
described by Gomez and Gomez .The values were
compared by Duncan's multiple Range Test at 0.05
levels of probabilities also LSD values were used in
factorial experiment for comparing all treatments.
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RESULTS AND DISCUSSION
In vitro antifungal activity of Actinomycetes
The continuous search for new antifungal agents from
the rhizosphere samples led to select different
Actinomycetes. Three hundred fifty soil samples were
collected from various new reclaimed areas, North Sinai,
South Sinai, Northern Coastal Zone and Siwa Oasis,
during 2013-2015. It was observed difference in the
proportion of isolates obtained from each region, where
the Siwa Oasis is the highest in terms of the proportion
of isolates with 20% followed by North Sinai by 15-17%
while the lowest location was Northern Coastal Zone
with 5-10% of the number of soil samples containing
Actinomycetes. Seventy two isolates of Actinomycetes
were isolated. Among these obtained isolates twenty
two showed antagonistic ability against some tested
fungi. Some researchers have notified similar antifungal
effectiveness of Actinomycetes on plant fungal
33
pathogens. Prapagdee et al. found that only ten
isolates were effective out of 146 isolates of
Actinomycetes isolated from rhizosphere. Khamna et al.
34
found that 27 isolates only showed antifungal activities
from 396 Streptomyces isolates. As prescreening step,
twelve Actinomycetes isolates from 22 isolates have the
ability to inhibit the growth of most tested fungi, and had
the strongest antagonistic activity against tested fungi
(Alternaria alternata, Alternaria solani, Cladosporium
cladosporioides, Curvularia spp., Fusarium oxysporum,

Fusarium moniliforme, Macrophomina phaseolina,
Pythium ultimum, and Rhizoctonia solani). The
morphological characteristics and the cell wall type
explained the probability that most of these 12 isolates
belonged to the genus Streptomyces. Five isolates
designated Act3, Act4, Act5, Act9 and Act11 belonged
to the genus Streptomyces and showed maximal
antagonistic activity against most of the tested
pathogens (Table I). Among the tested fungi, F.
oxysporum f.sp. lycopersici and R. solani, were highly
affected by two Actinomycetes isolates (Act5, and
Act11) based on data obtained from preliminary
screening (Fig I). The antagonistic test in vitro was used
to assure the previous antagonistic effects of Act5 and
Act11 against F. oxysporum f.sp. lycopersici and R.
solani. The inhibition rates were observed and the
results showed that the highest growth inhibition rates
provided with Act5 and Act11. The most effective isolate
was Act5 where inhibited the growth of R. solani and F.
oxysporum f.sp. lycopersici by 82% and 75%
respectively, while the inhibition rates by Act3, Act4 and
Act9 were 33.4, 38.2, 52.7% against F. oxysporum f.sp.
lycopersici and 37.5, 45, 48.2% respectively as inhibition
growth of R. solani (Fig. II). These results were in line
with preliminary screening results, Act5 and Act11
isolates have the highest antifungal effects against
tested fungi. Since the highest destructive effect of
these isolates revealed against fungal pathogens
growth, further investigations were carried out to find out
their efficacy for plant protection and disease control.

Figure I
Pre-screening of Actinomycetes isolates against tested pathogens under in-vitro conditions.
1) Rhizoctonia solani, 2) Alternaria solani, 3) Fusarium oxysporum, 4) Cladosporium cladosporioides,
5)Macrophomina phaseolina
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Light Microscope examination to determine the
Streptomyces effect on tested pathogens
To determine the Streptomyces activity against fungal
growth of F. oxysporum f. sp. lycopersici and R. solani,
light microscopic examination on fungal mycelial growth
near the zone of inhibition showed significant changes in
hyphal morphology compared to normal growth in
control. There were considerable interactions between
the Streptomyces isolates and fungi. Microscopic
examination showed significant abnormalities in the
growth of fungi as morphological changes of the fungal
mycelium. In case of R. solani, the hyphal growing tip
was stunted with a lot of branches; also the hyphae
became thinner in addition to the presence of voids in
mycelium, this appearances and effects agreed with
28
Sowndhararajan . With Fusarium the mycelium was
cracking and wrapping of threaded around each other,
the shape of treated culture became darker than control;
also stimulate the sporulation of fungus faster than the
normal period, abnormalities were seen on the
peripheral cells to the spores, also the spores were
thinner compared to control. Many Actinomycetes
belong to the Streptomyces genus are known as
biocontrol agents against various fungal plant pathogens
34
. The antagonistic effect of Streptomyces against fungi
12
is related to the production of antifungal compounds ,
10, 33
and/or extracellular hydrolytic enzymes
.
Morphological
characteristics
of
efficient
Streptomyces isolates
Visual observations of morphological and microscopic
characteristics were carried out using light microscopy.
Most of the colonies that grew on starch-casein agar
(SCA) plates belonged to the genus Streptomyces since
the colonies were slow growing, aerobic, chalky,
heaped, folded and with aerial mycelia of semi different
colors with earthy odor (Fig. III). The Act5 also produced
antibiotics as reflected by zones of growth more than
Act11. Colonies of Act5 are pale brown and wrinkled
while Act 11 was brownish white cream on SCA. In the
observation with light microscopy, the number of the
spores was higher in Act5 than Act11 (Figure IV-A),
spore-bearing hyphae of the strain Act11 appeared as
spiral chains (Figure IV-B). The taxonomic criteria of the
Act5 and Act11, according to morphological examination
showed that the isolates belong to the genus
Streptomyces. The mycelia of the isolate Streptomyces
sp. (Act5) grew actively on all tested media compared to
Act11.
Physiological,
Biochemical of the
selected
Streptomyces isolates
Physiological and biochemical Characterization have
been conducted for each of the most efficient isolates.

As physiological criteria, the results showed ability of
both isolates to hydrolysis of (protein, starch and pectin)
while the Act 5 showed its ability to cellulose hydrolysis
compared to Act11. In terms of the chemical
characterization, both of two Streptomyces isolates were
similar in all tested characters where the results were
positive in carbon source utilization such as D-Glucose,
D-Xylose, D-Galactose, lactose, sucrose, D-fructose,
Mannitol and starch (Table II). These properties
associated with Act5 and Act11 might explain their
ability to control and suppress the growth of some fungal
pathogens, the antibiosis against plant pathogens, the
synthesis of particular extracellular proteins, and the
35
degradation of phytotoxins . Also may be these two
strains produced antibiotics lethal to pathogenic fungi of
F. oxysporum f. sp. lycopersici and R. solani in
antibiosis tests. Both strains significantly decreased the
fungal growth compared to control treatment. These
results agreed with the interpretations of Gangwar et
36
al. .
Evaluation of selected Streptomyces against tested
fungal pathogens under greenhouse conditions
In this study, some Actinomycetes isolates were isolated
from rhizosphere soil samples showed in vitro
production of anti-fungal activities with high inhibition
effects for R. solani and F. oxysporum f.sp. lycopersici
mycelium growth. Their abilities to reduce the wilt and
root rot diseases incidence as well as promote the
growth of tomato seedlings in green house experiments
were investigated.
Two promising Actinomycetes
isolates were used in greenhouse conditions. The
disease incidence recorded 22.4% and 26.2% of F.
oxysporum f. sp. Lycopersici before and after the
inoculation by Act5 , while Act11 recorded 32.7% and
40.8% compared to the control (83.5%). Also the
antifungal activities of Act5 reduced the disease
incidence of R. solani from 78.4% in control to 38.3%
and 41.5% as pre and post treatments respectively
(Table III). Several studies mentioned the use of
37
Streptomyces strains in controlling of R. solani root rot ,
38
also in controlling of F. oxysporum . The effects of
selected Streptomycetes on shoot length, root length,
fresh weight of shoots and roots of tomato plants were
determined 50 days after inoculation. Data in table III
showed that, Act5 increased length of shoot (40.5 and
38.2 cm) with F. oxysporum f.sp. lycopersici, and by 43
and 40.4 with R. solani as pre and post treatment
respectively. While the Act11 increased shoot length
(35.7cm and 32.5 cm) with F. oxysporum and (33.5cm
and 31.3 cm) with R. solani as pre and post treatments
respectively compared to control (28 and 26.6 cm).
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Figure II
Growth inhibition of F. oxysporum f. sp. lycopersici and Rhizoctonia solani by the most effective
Streptomyces isolates (Act 3, 4, 5, 9 and Act11) under in vitro conditions

Figure III
Culture morphology of selected Streptomyces isolates A) Act5 and B) Act11;
where the spore and aerial mycelium are different.

Figure IV
Morphological structures of A) Act5 and B) Act11; using image microscope at 1000X; abundance of spores,
aerial mycelium, chain of spores are different.
The length of root recorded (18.3 and 16.5 cm) by Act5,
while recorded (13.5 and 13) by Act11 compared to
control (12.7 cm) in F. oxysporum f. sp. lycopersici while
root length were increased (11.8 and 11 cm) with Act 11
compared to control (9.5 cm). The results were in the
same direction in cases of shoot fresh weight, root fresh
weight where increased by Streptomyces treatments

compared to control (Table III). The results of the
present study demonstrate that selected Streptomyces
have significant effects on the growth parameters of
tomato. In other studies, the efficacy of Streptomyces on
different soil borne fungi pathogen of tomato had also
30,39
been observed
. The presented data are in line with
other investigations where the potential effects of
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Streptomyces to control of various plant pathogens .
Streptomyces isolates Act5 and Act11 showed
significant antagonistic effects on mycelial growth and
structure of pathogens as well as suppressive effects on
pathogens in pot experiments. The effect of both strains
proved to be highest with Act5 followed by Act11 in most
of studied parameters. Determination of the necessary
time for application of Streptomyces and defense
responses before and after application was a point of
interest, where the analyzed results showed higher
induction when the biocontrol agents applied before
inoculation of pathogens. The positive effects are
probably due to the volatile and non-volatile compounds
produced by Streptomyces,
where the interaction

between other Streptomyces and soil pathogens such
as F. oxysporum and R. solani were confirmed by El41
Tarabily , also the antifungal effects of biological
agents on growth parameters of tomato plants could be
due to several reasons such as production of plant
growth regulators such as inorganic phosphate
solubilization, production of gibberellic acid and indol-342
acetic acid , therefore inhibitory effects against
pathogens development structures at the early stages of
infection reducing the pathogen ability to infect the plant
tissues. It indicates that these Streptomyces might have
influential antagonistic activities against soil-borne fungi
and play a role in promoting the growth of their original
plant hosts.

Table I
Antagonistic activity of effective actinomycetes isolates against
tested pathogens under in vitro conditions.
Actioncode
Act1
Act2
Act3
Act4
Act5
Act6
Act7
Act8
Act9
Act10
Act11
Act12

Alternaria Alternaria Cladosporium
Curvularia Fusarium
Fusarium Fusarium
alternata
solani
cladosporioides spp.
oxysporum solani
moniliforme
+
+
+
+
++
+
+
+
+
+
+
+
+
++
++
++
±
+
±
++
++
++
+++
+++
+++
++
+++
+++
++
+
+
±
+
+
+
±
+
+
+
+
+
+
±
+
+
+
+
+++
+
++
+
++
++
++
++
++
+
++
+
+
+
++
++
+++
++
+++
++
++
±
±
+
+
+
+++
, strong inhibition; ++, moderate inhibition; +, partial inhibition; ±, weak inhibition; -, no inhibition.

Macrophomina
phaseolina
+
++
++
++
+
+
++
±

Table II
cultural, physiological, biochemical and morphological characteristics
of selected actinomycetes strains.
Characteristics
Physiological Characteristics
Hydrolysis of Protein
Hydrolysis of starch
Hydrolysis of cellulose
Hydrolysis of pectin
Biochemical Characteristics
Carbon source utilization
D-Glucose
D-Xylose
D-Galactose
Lactose
Sucrose
D-fructose
Mannitol
Starch
Utilization of:
Urea test
Nitrate reduction
Gas information from nitrate
Catalase test
Nitrogen source utilization
Ammonium Chloride
Sodium nitrate
Ammonium sulphate
Ammonium acetate
Peptone
Beef
L-lysin
L-Phenyle alanine
Growth at

ACT5

ACT11

+
+
+
+

+
+
+

+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+

+
+
+
+

+
+

+
+
+
+
+
+
+
+

+
+
+
weak
+
+
weak
+
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Pythium
ultimum
+
+
++
++
+++
+
+
++
++
-

Rhizoctonia
solani
+
++
++
+++
+
+
±
+++
+
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35 C
50 C
60 C
Nacl 1%
ctinomycetes
isolate
(A)

Application
Time (T)

Act5

Pre
Post
Pre
Post
Pre
Act. (A)
Time (T)
A×T

Act11
Cont.
LSD
5%

Shoot
ength
(cm)
40.5
38.2
35.7
32.5
28
2.36
2.04
3.59
Nacl 5%

+
+
F. oxysporum f. sp. lycopersici
Root
Shoot
Root
length
fresh
fresh
(cm)
weight (g)
weight
(g)
18.3
26.4
6.2
16.5
27.3
6.8
13.5
23.3
5.2
13
22.5
5
12.7
11.5
2.8
1.38
1.36
0.76
0.85
0.98
1.61
1.94
1.93
1.07

+
+

Disease
ncidence
%
(DI)
22.4
26.2
32.7
40.8
83.5
2.03
1.02
2.85
+

Shoot
length
(cm)
43
40.4
33.5
31.3
26.6
2.13
4.95
2.70

Rhizoctonia solani
Root
Shoot
Root
length
fresh
fresh
(cm)
weigh
weight
t (g)
(g)
19.5
25.5
6.6
15.8
28
5.4
11.8
22.6
5.2
11
20.2
5
9.5
14.5
1.9
1.74
0.51
2.19
2.56
0.56
1.33
3.03
3.10
0.72
weak

Disease
ncidence%
(DI)
38.3
41.5
46.1
50.8
78.4
1.91
2.15
3.26

Table III
Effect of Actinomycetes isolates on different growth parameters in tomato and suppression of wilt disease
caused by F. oxysporum f. sp. lycopersici and Rhizoctonia solani under greenhouse conditions.

CONCLUSIONS
The potential antagonistic activity of the Streptomyces
found in this study against plant pathogenic fungi
highlights their potential antifungal effects. The selected
Streptomyces could be able to suppress of R. solani and
F. oxysporum f.sp. lycopersici on tomato plants under
greenhouse conditions. From the present study, it could
be demonstrated that Egyptian desert soils provided a
rich source of effective Actinomycetes as biological
control agents. The biochemical, physiological and
morphological characteristics of two potent isolates
studied clearly demonstrated that the present isolates
Act5 and Act11 are belongs to the genus Streptomyces

which had the strongest inhibitory effects on in vitro
growth of various plant pathogens and suppressive
impact on root rot and wilt diseases caused by R. solani
and F. oxysporum as well as plant growth promoter of
tomato seedlings. It could be suggested that the
selected
Streptomyces
might
have
significant
antagonistic activities against soil-borne fungi. Molecular
and formulation studies on selected Streptomycetes are
under progress to evaluate their potential effects under
field conditions.
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