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Seven endophytic actinobacterial isolates were isolated from wheat roots, which
collected from the middle area of Riyadh at Saudi Arabia. The obtained results revealed
that, all endophytic isolates have the ability to produce the growth hormone indole acetic
acid (18.2 - 30.7 ug.ml?"). In vitro antifungal activity of the seven endophytes was
investigated against the phytopathogenic fungus Fusarium graminearum. Out of these,
the isolate Endo-1 showed the maximum fungal inhibition. The optimum cultural
conditions were studied to obtain the highest in vitro antifungal activity of Endo-1
isolate. It was found that the first incubation day, pH 5.5, incubation temperature 30°C,
starch as the best original carbon source, and peptone as the best substitutive nitrogen
source were the best conditions for maximum inhibitory effect. On the other hand, Endo-
1 isolate was tested under greenhouse conditions to determine its efficacy in the biocontrol
of Fusarium head blight disease of wheat. The data showed that treatment with Endo-1
isolate significantly reduced both disease severity and incidence and improved all assessed
growth parameters when compared with the control treatment. Endo-1 isolate was
identified as Streptomyces olivaceiscleroticus using the morphological, physiological
and biochemical characteristics and the identification was confirmed molecularly using
16S rRNA. Thus this endophytic isolate has the potential as plant growth promoters as
well as a bio-control agent, which is a useful trait for crop production in nutrient deficient
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soils.
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TriticumaestivumL isthe most common
and important cereal crop which has high yield
and quality for food and feed production, so it is
called“bread wheat” . FusariumHead Blight (FHB),
caused by Fusariumgraminearum, isan important
disease of wheat throughout the world’s wheat-
growing areas. This disease primary infects the
antherswhere spores of fungusland and then grow
into the kernels, glumes, or other head parts. Some
evidences suggest that, wheat may be susceptible
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in a period up through the soft dough stage of
kernel development!. The grain from head-blighted
fieldsisunsuitable for feeding farm animals asit
may contain mycotoxins that induce vomiting in
animals. Bread made from scabby wheat has been
reported to be intoxicating?.

Endophytes are internal colonized
microbes which can live symbiotically with the
healthy plants. Strict surface-sterilized methods
can use for isolation of these microbes from plant
tissues®. Endophytes have a closer relationship
with plant tissues more than rhizospheres.
Streptomycetes are a major group of plant
endophytic microbes and have been found to
produce various active metabolites. Sreptomyces
is amost common and wide distributed genus of
this group which has been isolated from various



308

surface-sterilized plant tissues and some species
have showninvitrointensive antifungal activities'.
A novel antifungal antibiotic was produced by
Endophytic Streptomyces from rhododendron
plant, fistupyrone which protected Chinese
cabbage from infection by Alternaria
brassicicola®. Tokata et al.,® stated that,
Streptomyces lydicus WY EC108, could be
colonized inside the nodules of pea plants, and
increased root nodul ation and improved the vigour
of bacteroidsin the nodules, due to the enhanced
nodular assimilation of iron by the Sreptomyces.
In contrast, some endophytic Streptomyces
synthesize cytokinin-like metabolites that inhibit
rice seed germination and rooting’. Studies on
these bioactive metabolites will be useful in
exploiting the relationships between endophytic
Streptomycesand their host plants, or discovering
novel agrochemical precursors.

Endophytic actinobacteria have been
isolated from Triticum aestivum L and have been
shown to have a number of beneficial effects on
the plant when reintroduced and they are reported
to control fungal infectionsin wheat®°. A highest
number of the active isolated endophytes belong
to the actinobacterial phylum and, specifically, the
genus Streptomyces® 10,

The present study isaimed to investigate
the in vitro antifungal activity against F.
graminearumand the biocontrol and plant growth-
promotion activities of endophytic actinobacteria
in wheat plants against FHB disease.

MATERIALSANDMETHODS

Wheat samplescollection

The roots of five healthy wheat plants
were collected from wheat plantations located in
the Middle area, Riyadh, Saudi Arabia. Samples
were placed in plastic bags, which were taken to
the laboratory and processed within 4 h after
collection.
| solation of thepathogen

Thefungal pathogen F. graminearumwas
isolated from naturally diseased wheat plant
exhibiting typical symptoms of FHB disease.
Purifica-tion of theisolated fungi was done using
single spore technique. The pathogen was
identified as F. graminearum based on the cultural
properties, morphological and microscopi-cal
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characteristics as described by Booth'.
Surfacesterilization and actinomycetesisolation

Wheat roots (0.5-1.0 cmin diameter) were
washed under running tap water to remove soil
particles, and then sterilized by sequential
immersion in 70% ethanol for 5 min and asolution
of sodium hypochlorite (0.9% available chlorine)
for 20 min. Sampleswere washed by sterile water
three times to remove the residues of sterilizing
agents; and then soaked in 10% NaHCO, solution
to disrupt the plant tissues and inhibit the growth
of fungi. Each sample was divided into small
fragments and placed on starch nitrate agar
medium® with 15 pg/mi-* nalidixic acid to suppress
the growth of bacteria, and incubated at 30°C3.
Extraction and identification of indoleaceticacid
(IAA)

Seven endophytic actinobacterial
isolateswere grown on non-fat milk broth (NFM)
medium containing tryptophan (1.0 mg.L) and
NH,CI (1.0g.L™). Theculturesweregrownfor 72 h
at 30°C in awater bath shaker. The bacterial cells
were separated by centrifugation at 10,000 rpm for
15 min. The pH of supernatant was adjusted at 2.8
with HCI and then extracted 3 times with equal
volume of ethyl acetate!*. The extract was
evaporated to dryness and residue was
resuspended in 2 ml of ethanol. The sampleswere
analyzed on HPLC using UV-detector and Tech
sphere 5-ODS C-18 column. The methanol: acetic
acid: water (30:1:70) mixture was used as mobile
phasewith flow rate 1.5 ml/min. For identification,
20pl sample, filtered through a0.45um filter, was
injected into the column. Identification of IAA was
done on the basis of retention time of the standard
IAA by using arefractiveindex detector (RI). The
concentration was cal culated on the basis of peak
height and peak areain comparison with standard.
Invitro antifungal activity

In vitro growth inhibition of F.
graminearum by the endophytic actinobacteria
wastested on potato dextrose agar media. For each
actinobacterial isolate, 1 ml of the suspension (10°
CFU/ml) was poured on the margin of agar plates
and 6 mm agar disc of fungus from fresh PDA
culture was placed at the other marginal side and
incubated at 25 + 2°C for seven days. Theradii of
the fungal colony towards and away from the
actinobacterial colony were noted. The growth
inhibition percentage was calculated using the
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following equation:
% Inhibition=[(R-r)/Rx 100]

Where, ristheradius of thefungal colony
oppositethebacterial colony and R isthe maximum
radius of thefungal colony away from the bacterial
colony.

Cultureconditionsoptimization

Optimum culture conditionswere studied
to obtain the highest in vitro antifungal activity of
actinobacterial isolate Endo-1 against F.
graminearum.

Effect of incubation period and pH value

Therewere seven Erlenmeyer flasks (250
ml) used; each of which contained 100 ml of starch
nitrate broth. Medium pH for each flask was
adjusted at definitevalue (5, 5.5, 6, 6.5, 7, 7.5 and
8). Theflaskswere autoclaved, inoculated by equal
inoculum size of Endo-1 isolate, and then
incubated in the incubating shaker (160 rpm) at 30
+ 1°Cfor variousincubation periods (1, 2, 3,4, 5, 6
and 7 days). Antifungal activity was assayed by
using the inhibition zone method at each
incubation period and pH value'.

Effect of incubation temperature

Therewere seven Erlenmeyer flasks (250
ml) contained 100 ml of starch nitrate broth. Medium
pH for each flask was adjusted at the optimum
value 5.5, inoculated, and then incubated for 24 h
as the best incubation period in the incubating
shaker (160 rpm) at different temperatures (24, 26,
28, 30, 32, 34 and 36°C). Antifungal activity was
assayed by using the inhibition zone method at
each incubation temperature'.

Effect of carbon and nitrogen sour ces

The effect of different carbon sourceson
the antifungal activity of Endo-1 isolate was
studied by using starch nitrate broth medium.
Starch nitrate broth contained starch as the main
carbon source, which was substituted with
different sugars as alternative carbon sources.
These sugars are D-glucose, D-fructose, and D-
galactose as monosaccharides (0.132 g/100 ml);
sucrose, lactose, and maltose as disaccharides (0.07
g/100 ml) and ribose (0.158 g/100 ml). Eight
Erlenmeyer flasks were prepared, each one
contained 100 ml of themedium (KNO, 0.2g; CaCO,
0.3g; KH,PO, 0.1g; NaCl 0.05g; MgSO,.7H,O
0.05g), each medium was supplemented with
certain carbon source as mentioned previously.
ThepH of all mediawasadjusted at 5.5. All flasks
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were autoclaved, inoculated with Endo-1 isolate,
and incubated for 24 h at 30°C in the incubating
shaker (160 rpm). Antifungal activity was assayed
using the inhibition zone method at each carbon
source. To determine the best nitrogen source, the
same medium was used but potassium nitrate
(original nitrogen source of starch nitrate medium)
was substituted with different chemical and natural
nitrogenous products as alternative nitrogen
sources. These nitrogenous products are casein
(0.006 g/100 ml), peptone, yeast extract, malt extract
and beef extract as natural nitrogenous products,
which have the same weight of potassium nitrate
inthe composition of starch nitrate medium (0.2 g/
100 ml); ammonia(0.05 g/100 ml) and ammonium
sulfate (0.2 g/100 ml) as chemical nitrogenous
products. The same previous procedure was
applied, however, medium compositionis (Starch
2.0g; CaCO, 0.3g; KH,PO, 0.1g; NaCl 0.05g;
MgSO,.7H,0 0.05g). Antifungal activity was
assayed using the inhibition zone method at each
nitrogen source'.
I dentification of actinomyceteisolate

The morphological and cultural
characteristics of the actinomyceteisolate Endo-1
were studied according to Shirling and Gottlieb®.
For electron microscopy, | SP4 agar medium was
inoculated with spores of actinomyceteisolate and
incubated for 7 daysat 28°C. A plug of the culture
was removed and fixed in glutaral dehyde (2.5% v/
v), washed with water and post-fixed in osmium
tetraoxide (1% w/v) for 1 h. The samplewaswashed
twice with water and dehydrated in ascending
ethanol before drying in a critical point drying
apparatus (Polaron E3000) and finally coated in
gold and examinedinaJEOL ISM 5410LV scanning
€electron microscope at 15 kv. Identification of the
selected isolate was confirmed using 16S rRNA
sequencing. 16S rRNA was amplified in a
thermocycler (Perkin EImer Cetus Model 480) by
using universal primersof 27f (5°-AGA GTT TGA
TCCTGGCTCAG-3') and 1525r (5-AAG GAG
GTG ATC CAG CC-3') under the following
condition: 94°Cfor 5min, 35 cyclesof 94°Cfor 60s,
55for 60s, 72°C for 90sand final extensionat 72°C
for 5min. The product was directly sequenced by
a BigDye terminator cycle sequencing kit (PE
Applied Biosystems USA) on an ABI 310
automated DNA sequencer (Applied Biosystems,
USA). Homology of the 16S rRNA sequence of
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isolate was analyzed by using BLAST program
from GenBank database"’.
Prepar ation of actinobacterial suspension

Two Erlenmeyer flasks (1000 ml)
containing 400 ml of starch-nitrate broth were
autoclaved and then inoculated with a 14-day-old
colony of Endo-1 isolate grown on starch nitrate
slants. The medium was adjusted at pH 5.5. The
inoculated flasks were then incubated in the
incubating shaker at 30°C and 160 rpm for 24 h.
In Plant a biocontrol activity of endophytic
actinobacteria

Surface-sterilized wheat seeds were
soaked in the Endo-1 suspension for 1 h with
occasional shaking to ensure uniform coating on
the surface under aseptic conditions. Soaked seeds
insterilized distilled water weretreated ascontrol.
The seeds were allowed to grow in Petri plates
having autoclaved filter paper, at 20°C for 6 days
in growth cabinet. One-week-old seedlings were
then transplanted in plastic pots containing
sterilized soil. Plants were watered with 1/4"
Hoagland solution when required. Four plantswere
maintained in each pot and placed in a growth
chamber under standard conditions (18 hlight, 25
+ 2°C and 60% relative humidity). After one week
of transplantation, 15 ml of spore suspension (10°
spore.mlt) of F. graminearum were sprayed on
thewheat plantsto obtain theinfection. Some pots
were treated with 15 ml of spore suspension of
Endo-1 isolate as a soil drench. Plants containing
neither pathogen nor endophytic actinobacterial
isolateweretreated as negative control. Plantswere
harvested after six weeksfor assessment of disease
severity and growth parameters (root and shoot
length, fresh and dry weight). Triplicateswere used
for each treatment. All pots were arranged in a
complete randomized design.
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Disease severity assessment

After harvesting, disease severity and
incidence were assessed. Disease severity was
rated by visual scaling ranging from0to 5. A rating
of 0 means no evidence of infection, and rating of
1,2, 3,4 and 5 reflected an infected surface area of
appropriately 5, 25, 50, 75, and 99 -100%
respectively.

D . X(ab) x 100
152ase SE‘VEI’HIY = AK
Where:
a = No. of diseased plants having

the same degree of infection

b = Degreeof infection
A = Total no. of examined plants
K = Highest degree of infection

RESULTS

I solation and char acterization of theendophytic
actinobacterial isolates

Seven endophytic actinobacterial
isolates were isolated from the surface sterilized
wheat roots on starch nitrate agar medium.
Microscopic examination of the obtained isolates
showed that all isolates are Gram positive bacteria.
Three of them (Endo-1, Endo-2, and Endo-3) have
spiral spore chains and gray aerial mycelia.
Coloniesof theisolates (Endo-1 and Endo-2) have
regular shape with crenate boarders, while that of
Endo-3isolate hasirregular shape of colonieswith
swarming growth. The two isolates Endo-4 and
Endo-5 have rod shaped spore chains. Colony of
Endo-4 iswhiteirregular with swarming growth,
whilethat of Endo-5isgreenirregular withwrinkled
surface. Theisolates Endo-6 and Endo-7 have hook
shaped spore chains and irregular colonies with
wrinkled surfaces. The colony color of Endo-6is

Table 1. Morphological and cultural characteristic of endophytic actinobacterial strains

Isolate Gram stain Sporechain Colony color Colony shape

Endo-1 Positive Spira Gray Regular/crenate boarders
Endo-2 Positive Spira Gray Regular/circular boarders
Endo-3 Positive Spira Gray Irregular/ swarming growth
Endo-4 Positive Rod White Irregular/ swarming growth
Endo-5 Positive Rod Green Irregular/ wrinkled surface
Endo-6 Positive Hook Red Irregular/ wrinkled surface
Endo-7 Positive Hook Yellow Irregular/ wrinkled surface
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Table 2. Effects of incubation periods and pH values
on the antifungal activity of Endo-1lisolate

Incubation Inhibition zone (mm)
period (day) pH value

5 55 6.5 7 75 8
1 1 4.2 32 22 3.7 25
2nd 1 3 18 1 25 22 0
3¢ 1 25 25 0.8 1 18 0
4t 0 22 . 0 1 0 0
5th 1 15 15 22 22 24 3
6" 1 1 12 1 15 21
7 0 0 0 0 0 0

red while Endo-7isyellow (Table ).
Indoleaceticacid production

Indole acetic acid production test
revealed that, all isolates have the ability to
produce |AA. Endo-1 isolate recorded the highest
yield of IAA followed by Endo-2 isolate (30.7, 25.4
pg.mi-, respectively), whilst, thelowest production
was achieved by theisolate Endo-7 (18.2 pug.ml2).
Production of | AA by the other isolateswas ranged
between 23.1 - 18.27ug.ml (Fig. 1).
Invitroantifungal activity assessment

Antifungal activity of the seven
endophytic actinobacterial isolates was
investigated in vitro against F. graminearum to
determine the most potent antifungal isolate. Out
of the seven isolates, Endo-1 showed the highest
inhibition percentage 80% against F. graminearum,
while Endo-7 was the lowest recording 35%

synchronously to obtain the highest in vitro
antifungal activity of actinobacterial isolate Endo-
1 against F. graminearum (Table 2). The results
revealed that, thefirst day of incubation at pH 5.5
recorded the highest antifungal activity asthe best
incubation period and initial pH value. According
to the obtained, the antifungal activity of isolate
Endo-1 hasawiderangeof pH (5-8) and incubation
time (1-6 days). In contrast, no antifungal activity
was observed at 7" day of incubation at any pH
value.
Effect of incubation temperature

The obtained results showed that, the
highest antifungal activity was recorded at 30°C.
The antifungal activity was first noticed at 24°C,

Table 3. Disease severity and incidencein wheat plants

inhibition percentage (Fig. 2). Basedontheobtained  Treatment Disease Disease
results, Endo-1 isolate was sel ected for next tests. severity incidence (%)
Optimization for maximum antifungal activity of
Endo-lisolate Control 0 0
Effect of incubation period and pH value Endo-1 0 0
The optimum cultural incubation period Pat(;rogen N 704 86.4
and initial pH value effects were studied Endo-1+ Pathogen 482 546
Table 4. Growth Parameters of wheat plants
Treatment Length (cm) weight (gm)
Shoot Root
Shoot Root Fresh Dry Fresh Dry
Control 33 19 5.0 2.8 22 0.4
Endo-1 40 22 7.2 4.2 2.8 0.6
Pathogen 27 12 37 1.8 17 0.2
Endo-1+ Pathogen 30 17 4.2 22 20 0.3
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then increased gradually until 30°C as the best
temperature, and then started to decline gradually
and disappeared completely at 36°C (Fig. 3).
Effect of carbon and nitrogen sour ces

Our results revealed that, starch was the
best carbon source, at which the highest antifungal
activity was observed followed by sucrose, D-
fructose and D-galactose, D-glucose, ribose,
lactose and maltose (Fig. 4). On the other hand,
peptone was the best nitrogen source, at which
the highest antifungal activity was achieved
followed by yeast extract, beef extract, ammonium
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sulfate, potassium nitrate, casein, ammonia and
malt extract (Fig. 5).
Disease assessment

The pots experiment was conducted
under the greenhouse conditions. The results of
disease severity and incidence were presented in
Table 3. Thedatashowed that treatment with Endo-
1 isolate significantly reduced both disease
severity and incidence when compared with the
control treatment (48.2 and 54.6%, respectively).
No disease symptoms were observed in both of
control and End-1 treatments.

Table 5. Morphological, physiological and biochemical characteristics of Endo-lisolate

Characteristic Item Result
Morphological Spore mass Gray
Spore surface Smooth
Sporechain Spiral
Color of substrate mycelium Grayish yellow
Diffusible pigments Not produced
Biochemical Diaminopimelic acid LL-DAP
Sugar pattern Not detected

Enzymatic activity

Hydrolysis of protein, lipid, starch and egg yolk (lecithin) +

Catalase, urease and protein coagul ase test -

Melanoid pigment

Peptone yeast extract iron agar medium -
Tyrosine agar medium
Tryptone-yeast extract broth medium

Matters degradation Esculin +
Xanthin +
Physiological H,S production -
Nitrate reduction +
Citrate utilization +
Utilization of carbon sources D-xylose, D-mannose, D-gal actose and trehal ose +
D-glucose, mannitol, lactose and maltose ++
L-arabinose, raffinose and rhamnose -
Starch, D-fructose and Sucrose +++
Utilization of nitrogen sources  L-cystiene, L-histidin, L-phenylalanine, L-lysine +
L-valine -
L-arginine, L-serine, L-tyrosine ++
Growth with Thallus acetate (0.001) +
Sodium azide (0.01) +
Phenol (0.1) +
Environmental factors Growth temperature 30°C (24-40 °C)
Optimum pH 5.5 (5.0-8.5)
Antibiotics resistance Ampicillin (10 ug) and Erythromycin (15 ug) +
Antimicrobial activity Staphylococcus. aureus NCTC 7447 -
Pseudomonas aeruginosa ATCC 10145 -
Saccharomyces cerevisiae ATCC 9763 +
Aspergillus. niger IMI 31276 +

+ = Positive, - = Negative, ++ = moderate growth, +++ = good growth results
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Effectson growth parameters

Treatment with Endo-1 isolateimproved
all assessed growth parameters (root and shoot
length, fresh and dry weight) compared to the
control treatment. On the other hand Infection with
thefungal pathogen reduced all growth parameters.
Datain Table 4 showed that the reduction effect in
the all growth parameters due to infection was
lower in the infected wheat plants when treated
with Endo-1 suspension.
| dentification of actinobacterial isolate Endo-1

Identification results revealed that, the
aeria myceliacan grow abundantly on starch nitrate
agar; oatmeal agar (ISP-3) and glycerol-asparagine
agar media (I SP-5). Scanning el ectron microscopy
showed that spore chains are in spiral shape with
smooth surface (Fig. 6). Sclerotic granules were
formed on some media, whereas no sporangiawere
being observed. The biochemical analysis of cell
wall revealed the presence of LL-diaminopimelic
acid (LL-DAP) while sugar pattern was not detected
(Table 5). It was found that, Endo-1 isolate can
produce protease, lipase, amylase and lecithinase
enzymes, while catalase, urease and protein
coagulase enzymes are not. The physiological
results showed that, no melanoid pigment was
produced by Endo-1 isol ate after growing on three
specific media; peptone yeast extract iron agar,
tyrosine agar and tryptone yeast extract broth. The
results of biodegradation process showed that,
esculin and xanthin were degraded, hydrogen
sulfide was not formed, nitrate was completely
reduced to nitrite, and citrate was utilized.
Ultimately, Actinobacterial isolate Endo-1 could not
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utilized L -arabinose, raffinose and rhamnose, while
it had good growth with starch, sucrose and D-
fructose, moderate growth with D-glucose,
mannitol, lactose and maltose, and weak growth
with D-xylose, D-mannose, D-galactose and
trehalose. Endo-1 isolate utilized amino acid L-
valinewhileit had moderate growth on L-arginine,
L-serine and L-tyrosine, and weak growth on L-
cystiene, L-histidin, L-phenylalanineand L-lysine.
This isolate was found to have weak growth on
some toxic substances such as thallus acetate
(0.001), sodium azide (0.01) and phenol (0.1).
Actinobacterial isolate Endo-1 was found to have
resistance to beta lactam antibiotics represented
by ampicillin (10 pug) and aminoglycosides
represented by erythromycin (15 pg). Endo-1
isolate was found to have antifungal activity
against Saccharomyces cerevisiaeATCC 9763 and
Aspergillus niger IMI 31276, whileit did not has
antibacterial effect against neither Gram-positive
nor Gram-negative; such as Staphylococcus
aureus NCTC-7447 and Pseudomonas aer uginosa
ATCC-10145 respectively.
Color and culturecharacteristics

It was found that, the isolate Endo-1 has
gray aerial mycelia; grayish yellow substrate
myceliaand the diffusible pigment isnot produced
(Table6). Thiswas performed basically according
to the recommended international Key’s viz. the
color of the organism under investigation was
consulted with the ISCC-NBS color-name charts
illustrated with centroid color. Onthebasisof the
previously collected data and in view of the
comparative study of the recorded properties of

Table 6. Culture characteristics of the actinomycete isolate endo-1

Medium Growth Mycelia Diffusible
Aerid Substrate  pigment
Starch nitrate agar medium Good 264-L.Gray agy-y 90 76-1-y-br
Tryptone yeast extract broth (ISP-1) No No No No
Yeast-malt extract agar medium (I SP-2) No No No No
Oat-meal agar medium (ISP-3) Moderate  L.Gray264 gy-y 90 -
Inorganic salts starch agar medium (1SP-4) Good L.Gray264 gy-y 90 -
Glycerol-Asparagine agar medium (I SP-5) Good L.Gray264 gy-y 90 -
Peptone yeast extract iron agar medium (I SP-6) Moderate  Gray264 57-1.br 58 m-br
Tyrosine agar medium (I1SP-7) Poor L.Gray264 57-1.br 58 m-br
Potato dextrose agar medium Good L.Gray264 gy-y 90 -
Glucose casein agar medium Moderate  L.Gray264 gy-y 90 -

L.Gray = light gray, gy-y = grayish yellow, I-y-br = light yellowish brown, 1.br = light brown, m-br = moderate brown
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Endo-1 in relation to the most closest reference  Streptomyces olivaceiscleroticus. When the 16S
strain, viz. Streptomyces olivaceiscleroticus, it  rRNA genefrom theisolate Endo-1 was sequenced,
could be stated that actinomycetesisolate, Endo- it showed a98% similarity with sequencesfrom S,
1 is suggestive of being likely belonging to  olivaceiscleroticus strains. The strain was
designated as S. olivaceiscleroticus Endo-1.
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DISCUSSION

Seven endophytic actinobacteria were
isolated from surface-sterilized wheat roots. These
isolates showed in vitro antifungal activity against
F. graminearumand respectabl e ability to produce
the plant growth hormone IAA. Several recent
studies demonstrated that, endophytic
actinomycetes produced plant growth-promoting
compounds such as IAA (18, 19, 20, 21). Other
studies proved that, endophytic actinobacteria
could be expressed antifungal activity against wide
scal e of soil-bornefungi by producing high levels
of cell-wall degrading enzymes, such as3-1,3; -
1,4 and B-1,6-glucanases* ?2. Some endophytic
microbia floraincluded actinobacteriacan provide
their host with protection against phytopathogenic
fungi, and consider one of defense linesinsidethe
plant. On the other hand, these endophytes aid in
the plant growth promotion by production of [AA,
which in turn absorbed by plant tissues and
accumulatesin plant cellsto promote the growth.
So, these endophytic actinobacteria provide dual
benefit for their host (wheat).

The results of greenhouse experiment
revealed that, S. olivaceiscleroticus Endo-1isolate
has significant biocontrol effect against FHB
disease. Moreover, treatment with S.
olivaceiscleroticus Endo-1 isolate led to increase
the tested growth parameters of wheat. Nourozian
et al.,” reported that, Streptomyces strain 3 was
found has significant biocontrol effect against F.
graminearum and increased the yield of wheat
compared with the un-inoculated control. Invitro
inhibitory activities of the antagonistic strains do
not always allow an accurate prediction of disease
control potential. Schottel et al.,?* used
spontaneous mutants of antagonistic
streptomycete strains to assess the importance of
antagonism in the biocontrol of potato scab.
Despite a reduced in vitro pathogen inhibition
activity, most of these mutants demonstrated
significant biocontrol activity against potato scab.
On the other hand, bacterial influence on plant
growth may be an important determinant in
biocontral. In our preliminary experimentswe have
observed similar dependence between plant
growth promotion and increased disease
resistance. In this case, direct enhancement of
wheat growth by Streptomyces may be one of the
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key mechanisms by which Streptomyces
antagonists enhance plant health. Upon infection
by certain endophytic streptomycetes, plants
acquire anincreased resi stance to pathogen attack.
This phenomenon has been classified as priming®.
Rhizosphere and endophytic streptomycetes have
been recently indicated as such disease resistance
inducing species. Cell wall thickenings, production
of some phenolic compounds, production of
siderophore, 3-1,3 glucanase, chitinase, antibiotics,
cyanide and expression of some defense genes
may be some of the mechanisms by which the
colonized plant can face the pathogen?®.

Optimum cultural conditionswere studied
to obtain maximum antifungal activity of S.
olivaceiscleroticus Endo-1 against F.
graminearum. Theresults showed that, the highest
in vitro antifungal activity was observed at the
first day as the best incubation period and initial
pH 5.5. Theseresultsarein agreement with that of
Mansour and Mohamedin® whom found the
highest fungi cell-wall lytic activity of S.
thermodiastaticus was obtained after 18 h of
incubation and at pH 5.5. Most of the antifungal
compound(s) are sensitive and degrade by acidity;
although, this strain produces acid-fast antifungal
compound(s), which inhibit the pathogen in the
acidic environment, which form dueto accumulation
of extracellular metabolites during the growth
outside the microorganism. The best incubation
temperature was observed at 30°C. This result
indicates that, S. olivaceiscleroticus Endo-1 is a
mesophilic actinobacterium, which grows and
produces antifungal activity at moderate
temperatures, typicaly like inside the plant. de
Oliveira et al., (19) reported that, S.
pluricolorescenswasfound has highest inhibitory
effect against F. oxysporum var. lycopersici at
30°C.

In the present study, starch was the best
carbon source at which highest antifungal activity
was observed. This result may seems contrary to
logic, because starch is complex polysaccharide
molecule, which needs more time and energy to
degrade and converts to easy absorbed
monosaccharides; but starch molecule has a
multitude numbers of glucose molecules as
building blocks which be free in the medium after
degradation of starch more than which
supplemented directly to the medium. These
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monosaccharides in turn use in the energy
formation, which utilizein growth and production
of antifungal compound(s) processes. Tawfik and
Ramadan?® reported that starch is considered to
be the best carbon source for growth and excretion
of antibiotic by two Streptomyces strains. On the
other hand, peptone was the best nitrogen source
at which highest antifungal activity was observed
against F. graminearum. Peptoneismuch enriched
natural product by nitrogen, whichincluded inthe
short chains of amino acids monomers, which are
easy during degradation and absorption by the
microorganism more than other chemical and
natural nitrogenous compounds. Neha and
Vibhuti® found that, peptone wasthe best nitrogen
source for the highest antifungal activity and
biomass production of oxytetracycline by astrain
of S rimosus9306027.

Therefore, it can be concluded that S.
olivaceiscleroticus Endo-1 has the potential to be
abiocontrol agent for FHB inwheat plant. However,
further fieldwork isrequired to confirm their control
efficacy in different climatic regions and under
different growth conditions. Formulation and
applications that meet common farming practices
still need to be devel oped. For promising biological
control agents, strategies that enhance overall
control efficacy should be explored.

CONCLUSON

There was an endophytic
actinobacterium (Endo-1) isolated from surface-
sterilized wheat roots. Thisisolate was found has
antifungal activity against Fusariumgraminearum
as the main cause of FHB disease for wheat.
Optimum cultural conditionswere studied to obtain
amaximum antifungal activity. On the other hand,
Endo-1 isolate was showed powerful growth
promotion effect for wheat due to its high ability
for production of plant growth hormonelAA (30.7
png.mi-t). Endo-1 isolate was identified as
Streptomyces olivaceiscleroticus; by using
classical and molecular methods as mentioned
above.

ACKNOWLEDGMENTS

The author would like to extend his
sincere appreciation to the Deanship of Scientific

J PURE APPL MICROBIO, 8(1), FEBRUARY 2014.

AL-ASKAR: STUDY OF ENDOPHYTIC ACTINOBACTERIAL ISOLATES

Research at King Saud University for its funding
of thisresearch through the Research Group Project
No. RGP-VPP-327.

REFERENCES

1. Bockus, W.W., Bowden, R.L., Hunger, R.M.,
Morrill, W.L., Murray, T.D., Smiley, R.W. (ed):
Compendium of Wheat Diseases and Insects,
3rd edn. APS Press, St. Paul, MN, 2007; pp 210
—225.

2. Saremi, H. Fusarium, biology, ecology and
taxonomy. Jihad Daneshgahi, Ferdossy
Mashhad University, Iran, 2005; p.152.

3. Schulz, B., Wanke, U., Draeger, S. Endophytes
from herbaceous and shrubs: effectiveness of
surface sterilization methods. Mycolog. Res.,
1993; 97: 1447-1450.

4, Taechowisan, T., Peberdy, J.F., Lumyong, S.
Isolation of endophytic actinomycetes from
selected plants and their antifungal activity.
World J. Microbiol. and Biotechnol, 2003; 19:
381-385.

5. Igarashi, Y., Ogawa, M., Sato, Y. Fistupyrone, a
novel inhibitor of the infection of Chinese
cabbage by Alternaria brassicicola, from
Streptomyces sp. TP-A0569. J. Antibio, 2000;.
53:1117-1122.

6. Tokata, R.K., Strap, J.L., Jung, C.M. Novel
plant—microberhizosphereinteraction involving
Streptomyces lydicus WY EC108 and the pea
plant (Pisum sativum). Appl. and Environ.
Microbiol,. 2002; 68: 2161-2171.

7. Zhang, Y.B. Physiologically active metabolite
produced by actinomycetesliving in plant. World
Pestic., 2003; 25: 9-12.

8. Coombs, J.T., Franco, C.M., Lorig, R. Complete
sequencing and analysis of pEN2701, a novel
13-kb plasmid from an endophytic Streptomyces
sp. Plasmid, 2003; 49: 86-92.

9. Siciliano, S.D., Fortin, N., Mihoc, A., Wisse,
G., Labelle, S., Beaumier, D., Oulette, D., Roy,
R., Whyte, L.G., Banks, M.K., Schwab, P, Lee,
K., Greer, C.W. Selection of specific endophytic
bacterial genotypes by plants in response to
soil contamination. Appl. and Environ.
Microbiol., 2001; 67: 2469-2475.

10. Sardi, P, Saracchi, M., Quaroni, S., Petrolini,
B., Borgonovi, G.E., Merli, S. Isolation of
endophytic Streptomyces strains from surface-
sterilized roots. Appl. and Environ. Microbial.,
1992; 58: 2691-2693.

11. Booth, C. (ed): The genus Fusarium, 2nd edn.
Commonwealth Mycological Institute, Kew,
Surrey, England, 1977; pp 300 — 332.



12.

13.

14.

15.

16.

17.

18.

19.

20.

AL-ASKAR: STUDY OF ENDOPHYTIC ACTINOBACTERIAL ISOLATES 317

Waksman, S.A. (ed): TheActinomycesvol. ™™
“Antibiotics of Actinomycetes’, 2nd edn. The
Williams and Wilkins Company, USA, 1961;
pp 105 — 115.

Tien, T.M., Gaskins, M.H., Hubbel, D.H. Plant
growth substances produced by Azospirrillum
brasilense and their effect on growth of pearl
millet (Pennisetum americanumL.). Appl. and
Environ. Microbiol., 1979; 37: 1016-1024.
Isenberg, H.D. (ed): Clinical microbiology
procedures handbook, 3rd edn. American Society
for Microbiology, Washington, D.C, 1992; pp
194 - 210.

Vanderzant, C., Splittstoesser, D.F. (ed):
Compendium of methodsfor themicrobiological
examination of foods, 3rd edn. American Public
Health Association, Washington, D.C, 1992; pp
477 — 490.

Shirling, E.B., Gottlieb, D. Methods for
characterization of Streptomyces species. Inter.
J. Syst. and Evol. Microbiol., 1966; 16: 312-
340.

Prapagdee, B., Kuekulvong, C., Mongkolsuk, S.
Antifungal Potential of Extracellular Metabolites
Produced by Streptomyces hygroscopicus
against Phytopathogenic Fungi. Inter. J. Biol.
Sci., 2008; 4(5): 330-337.

Lin, L., Xu, X. Indole-3-Acetic Acid Production
by Endophytic Streptomyces sp. En-1 Isolated
from Medicinal Plants. Curr. Microbiol.,
2013; 67(2): 209-217.

deOliveira, M.F, daSilva, M.G., Van Der Sand,
S.T. Anti-phytopathogen potential of
endophytic actinobacteriaisolated from tomato
plants (Lycopersicon esculentum) in southern
Brazil, and characterization of Streptomyces sp.
R18(6), a potential biocontrol agent. Res in
Microbiol., 2010; 161: 565-572.
Ghodhbane-Gtari, F., Essoussi, |., Chattaoui,
M., Chouaia, B., Jaouani, A., Daffonchio, D.,
Boudabous, A., Gtari, M. Isolation and
characterization of non-Frankia actinobacteria
from root nodules of Alnusglutinosa, Casuarina
glauca and Elaeagnus angustifolia. Symbiosis,
2010; 50: 51-57.

21

22.

23.

24.

25.

26.

27.

28.

29.

Nimnoi, P., Pongsilp, N., Lumyong, S.
Endophytic actinomycetes isolated from
AquilariacrassnaPierre ex Lec and screening of
plant growth promoters production. World J.
Microbiol. and Biotechnol., 2010; 26: 193—203.
El-Tarabily, K.A., Nassar, A.H., Hardy, G.E,,
Sivasithamparam, K. Plant growth promotion
and biological control of Pythium
aphanidermatum a pathogen of cucumber, by
endophytic actinomycetes. J Appl. Microbiol.,
2009; 106: 13-26.

Nourozian, J., Etebarian, H.R., Khodakaramian,
G. Biological control of Fusariumgraminearum
on wheat by antagonistic bacteria. J. Sci. and
Technol., 2006; 28(1): 29-38.

Schottel, J.L., Shimizu, K., Kinkel, L.L.
Relationships of in vitro pathogen inhibition
and soil colonization to potato scab biocontrol
by antagonistic Streptomyces spp. Biolgic. Cont.,
2001; 20: 102-112.

Conn, V.M., Walker, A.R., Franco, C.M.
Endophytic actinobacteria induce defense
pathwaysin Arabidopsisthaliana. Molec. plant-
microbe interac., 2008; 21: 208-218.

Tarkka, M.T., Lehr, N.A., Hampp, R., Schrey,
S.D. Plant behavior upon contact with
Streptomycetes. Plant Sign. & Behav., 2008;
3(11): 917-919.

Mansour, F.A., Mohamedin, A.H. Enzymes of
Candida albicans cell-wall lytic system
produced by Streptomyces thermodiastaticus.
Acta microbiolog. Immunol. Hungar., 2001;
48(1): 53-65.

Tawfik, K.A., Ramadan, E.M. FactorsAffecting
the Biological Activity of Streptomyces
aureofaciensM'Y 18 Streptomycesroseviolaceus
MR13. J. King Abdulaziz University, 1991; 3:
5-19.

Neha, S., VIbhuti, R. Optimization of cultural
parameters for antifungal and antibacterial
metabolite from microbial isolate; Streptomyces
rimosus M TCC 10792 from soil of chhattisgarh.
Inter. J. Pharm. & Pharmac. Sci., 2012; 4(4):
94-101.

J PURE APPL MICROBIO, 8(1), FEBRUARY 2014.



