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saprophytic microorganisms during these
enrichment steps. Thus, the polymerase
chain reaction (PCR) techniques are
easier, and the sensitivty is higher than
that of - immunodetection techniques
(detection limit 10° cfu mL”; at an
acceptable level > 80%-90%). The most
widespread PCR methods for detecting
Cims use primers and protocols based on
Pastrik (2000) and Mills et al. (1997).
‘TagMan PCR (Batch et al., 2003; Schaad
etal., 1999), BIO-PCR (Cho ct al. 2015
Schaad et al., 1999) and the AmpliDet
RNA assay (Van Beckhoven et al 2002)
were also used. Some primers developed
for a classical PCR format have been
successfully applied in a real-time format
(Smith et al., 2008; Bach et al, 2003;
Beckhoven et al, 2002; Schaad et al.
1999). Positive results obiained by any
‘method must be confirmed by a positive
biological test on aubergines and the
subsequent re-isolation of the pathogen
(Bulletin OEPP/EPPO Bulletin, 2011).

“The detecton limit for most Cms siains
in biological tests with a  high
reproducibility is 10-10° cfu ml

(Brown et al, 2002), while at a
concentration of 10° fu mL" aubergines
are usually symptomless (Pankova &
Knejzar, 2015). The objective of this
Study was 1o improve an inspection
procedure that would eliminate the risk
of latent infections oceurring in breeding.
and propagation potato materals due to
insuficient controls. In this study, to
maintain  Cms-free potato  genetic
resources, 3 three-stage  process of
checking breeding and _propagation
inputs was designed to meet the labour
and financiallimits of small breeders. For
his study atficially infected tubers were
grown, mixed with the same number of
“healthy” seed tubers, and then 10

randomly selected tubers were assessed
for the presence of the pathogen in their
different vegelative stages within one
growing season. The detection of Crme
was based on a double-antibody
sandwich (DAS) ELISA and SYBR
Green real-time PCR assays, including
melting point analysis using PSA IR
(Pastrik,  2000) and  Celd  FR
(Gudmestad et al., 2009) primer sets and
biological fests on aubergines.

Materials and methods

Bacterlal  stralns  and_ culture
conditions:  Cin sirains  NCPPB 3467
(Collection of Plant Pathogenic Bacteria,
United _ Kingdom) and CPPB 97
(Collection of Plant Pathogenic Bacteria,
Czech Republic) were cultured _on
medium C (1 L distlled water, 5 g
peptone, 3 g casein hydrolysate, 3 g yeast
extract, 2 g maltose, | g lactose, 18 g
‘agar) and incubated at 22°C for 5 d. For
tuber inoculation, a 11 mixture of the
collection sirains was propared in a
blender using picces of nutrient medium
C with actively growing Cms colonies
and sterile water, and the concentration
was set on 10° cfu mL', which
corresponded to an optical density (OD)
of 0.1 at 560 nm.

Inoculations  and  sample

: Ten Cms-free poato tubers
(Solamum ruberosum L) from 16 potato
cultivars (pre-basic seed class) and 11
new materials at different _brecding
stages (Table 1) were incubated 1-3
weeks in the dark at 20°C prior to
inoculation. Approximately 2 or 3 cm tall
“eyes” were trimmed back to half their
lengths  with  sterile scissors  and
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was the best isolate sincerecorded
(913%) growth reduction of ¥. daiae
followed by P. fuorescence (T1.6%)
growth reduction.  The lowest. growth
reduction of the samepathogens was
observed in case of Azospirillum 5.
(AS11) being 41.6% compared with the
control. These results were in agreement
with those obtained by Asaka and Shoda
(1996) and Sadier (1996)On’the other
band, P, uorescence (PF), Bacills
polvmyxa (BP), Azotobacter sp (AZ1T)
and dzospirillum sp. (AST) were the best
isolates and  showed the  highest
antagonistc effct against F. axysporum
fp fycopersici. These isolates recorded
the highest percentages of ~ growth
reduction of £, axysporum _£5p.
Incopersici being (746, 663, 66, 35.6%)
respectively.  These results are in
harmony with those reported by Martiny
and Marme (1995). The variation in the
bacterial isolaes abilites may be due to
the strain type and the type of metabolic
‘matrials that are produced by the strains
in culre media. In this respect
Fusarium and Vericillium wil_was
Suppressed through the actvity of PGPR
Strains.  The discase  suppressive
mechanisms by PGPR _include
siderophores (mediated competition for
ion)  (Rasijmakers et al. 1995).
Meanwhile, otber investigatos attributed
the discasesuppressive. mechanisms by
PGPR to the competition for nutitional
substances or induction of _systemic
resistance (Van Loon et al, 1995; Fuchs
et al. 1997). Nevertheless, Albuquerque
etal, (2003) reparted that the production
of HCN by PGPR strains (Bacillus s7.)
showed antibiosis against soil bomne
pathogenic fungi. Also, they reported that
the PGPR colonize plant organs

cpiphytically or ~endophytically and

caused  enhancing  development,
protecting the roots from soil bome
pathogens and inducing  resistance
against pathogens.

[ —

e o

Effect of scedling treatment of
bloagents on Incldence of fomato
Tungal wilt disease under greenhouse
conditions: Data in Table (5) showed
that the infested soil with either £
oxvsporum fsp Ivcopersici or V. dahliae
significantly decreased the growth of
tomato.  Growth characteristics of
tomato were significantly increased with
the inoculation with PGPR compared to
un-inoculated ones. Data in Table (5)
showed that the inoculation of tomato
with symbiotic N-fixing
(AZ17) and Azospirillum  sp.
exhibited different degrees of reaction
against . axysporum [ sp. Ivcopersici
and V. dahlice and  significantly
decreased the percentage of  infected
tomato plants compared to the un-
inoculated ones. While, the percentage of
discase severity significantly decreased
with tomato inoculated with symbiotic
Nefixing  Azotobacter  sp.  and
Azaspiritlum sp. These results are in
‘accordance with Hassouna et al. (1998)
and Zaghloul et al, (2010). However,
lower percentage of discase severity of
tomato  scedlings  were  attained  in
response fo treatment with mixture of
PGPR (96.84%) against F. oxysporum /.
sp. Iycopersici and (9026%) against V.
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dahlize more_than the_individual one. lowering cthylene level in plans. Also,
“The beneficil effect of N2-fxers and  PGPR induce systemic resistanc against
phosphate dissoving microorganisms on root pathogens,  This result could be
plant growth was also observed by  atrbuted o the synergisic effct in case
Buchenauer (1998) who concluded that of dual inoculation. These results are in
the mechanisms by which PGPR harmony wih those reported by Sanbita
stimulate plant growth via the producton et al. (1995), Cal et al. (2004) and
of TAA and cytokinins a3 well as by Zaghloul etal. (2007).
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immersed in_ suspensions of individual
Coms strains. The tubers were allowed to
rest for 30 min to stabilise the Cims
(Slack et al., 1996) and then were sown
in 20-cm diameter pots filled with a mix
(1:1) of field soil and special vegetable
substrate (Raselina Inc., Sobéslav, Czech

Republic). These pots were placed in a
greenhouse at 20°C to 22°C during the
growing period and watered daily until
they withered. Daughter tubers were
harvested after 10-12 wacks and mixed
with the same number of “healthy” seed
tubers from the same cultivr.

Do o g o H

Migta M i o1 H

o w o3 =
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som w i
Threestage control _process: The  sown and planted in the grecnbouse in
experiment was camied out in a the same mamner as described sbove

randomised block  design with 10
randomly sclected same-sized tubers of
each potato material. In the first stage of
the control process, selected tubers from
each of the potato cultivars and breeding
‘materials were stored for 4 weeks at 22°C
i the dark. Then, the fubers were washed
under running tap  water, ~surface-
disinfcted with 75% cthyl alcohol and
cutin two equal parts containing the stem
and apical bud ends. The colour and
appearance of xylem vssels were
cvaluated. In the second stage of the
control process, a half of each tuber was.

Each pot was on its own deep plate to
avoidcross-contamination. The other
balf of cach tuber was planted in a
netting house trial. The tubers were
planted 50 cm apart with individual
cultivars on rows 30 cm apart. Potato
planis were watered regularly. Samples
of I g of vascular bundles were taken
independently from the base, middle and
top parts of the main stem of cach
blooming plant. Each sample was
‘macerated in 1.5 mL of sample buffer
(20 g polyvinylpyrrolidone K10-K40, 2 ¢
bovine serum  albumin, 1 L distilled

s
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Our resuls showed that & polymyxa and
P fluorescence were able to reduce
discase incidence and severity of F.
oxyproum and V. dahliae in tomatoes by
stimulating vegetable growth and_root
development of the treated plants. From
these resuls it may be concluded that
application  of  PGPB  provide @
reasonable level of protection against
Foxysporum and V. dahliae in tomato
under greenhouse conditions. Also, the
present study provide sufficient evidence
to the recommended the use of the
‘mixture of antifungal strains of Bacillus
subiils, Bacillus megaterium, Bacillus
polymyxa, Pseudomonas  fluorescence
and  Trichoderma  harziamum  in
combination with dinitrogen fixers of
Azotobacter sp. and Azospirillum sp. is
Successful biocontrol agent against soil
bome pathogens causing discase of
tomato.
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troduction

Tomato (Lyeopersicon esculentum Mill)
is one of the most important vegetable
crops in Egypt. The cultivated arca of
tomato since 1999 to 2013 growing
season average reached 498536 acres in
old and newly reclaimed lands, which
produced_about 7964997 million tons
average (Source: compiled and calculated
by the Ministry of Agriculture and Land
Reclamation, Central Administration of
Agricultural_Economics,  Agricultural
Economics Bulletin, various _ issues)
Tomato plant are affected by a number of
fungal diseases causing substantial losses.
i yields including root rot vascular wilt
and damping-off discases, which inflict
heavy losses in its production. Tomato
wilt discase caused by Fusarium
oxysporum  Lsp.  Iycopersici__ causes
reduction in weight of tomato fruits and
productivity. It is consider an important
pathogen of tomato in Egypt and around
the world (AL-Azawi et al., 2012). Plant
growth promoting rhizobacteria (PGPR)
can produce direct or indirect ffects on
the host plants , indirect effects are these
related to the production of metabolites
such asantibiotics, siderophores or
cyanogen which increase plant growth by
reducing  the activity of pathogens.
‘While, the direct effects on plant growth
by producing metabolites such as plant
growth regulators (PGRs) that directly
promote the  plant growth or by
facilitating nutrient uptake by the plants
(Teixeira et al, 2007; Ahmed et al,
2005; Salamone et al., 2001). Currently,
There are several PGPR inoculans
commercialized those seem to promote.
plant growth through at least one
‘mechanism, suppression of plant disease
(termed  Bioprotectants),  improved

nurient  acquisition(termed
Biofertilizers) or  phytohormones
production (termed  Biostimulants)

(Tenuta, 2006). The combination with 8.
subiilis and T. harzianum showed the
highest records of plant growth and
macro-nurients  contenis  in  the
treatments of tomato inoculation with
Azotobacter_chroococcum (Zaghloul ot
al, 2007). The objective of this study
was fto determine the effects of
inoculation with rhizobacteria inoculants
in controlling tomato wilt discases
caused by Fusarium oxysporum and
Verticillium dahlia and on the growth of
tomato planis and  yield under
‘greenhouse conditions.

Materials and methods

Isolation of the causal pathogens
Samples of infected tomato seedling and
planis showing typical symptoms of
fungal wilt_discases were - collected
during 2013 growing season from
different regions of Assiut, Sohag and
Luxor Governorates. Target pathogens,
Fusarium oxysporum £sp. Ivcopersici
and Verticillium dahlia, were isolated
from discased plants using tissue
transplanting method according to the
method of Agrios (1997). Single spore
isolation was performed of cach isolate
to pure cultures on potato dextrose agar
(PDA). The isolates were maintained on
PDA medium at 4°C. Pathogenicity
capability of F: oxysporum and V. dahlia
isolates was carried out. Atificial soil
infestation by F. oxssporum  fsp.
Iycopersici and V. dahliae grown on
barley grain medium was carried out as
described by Singleton et al. (1992),

2
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Bacterial ring rot, caused by the gram-
posifive  bacterium  Clavibacter
michiganensis  subsp. _ sepedonicus
(Spicckermann & Kotthoff, 1914) Davis
et al. 1984 (Cims), is included in the list
of quarantined harmful organisms that
require special measures to cither restrict
or prevent is introduction and spread in
potato-production  regions (Act  no.
2452011 Coll; Decree 3822011 Coll).
‘A zero-tolerance policy for the discase
was implemented by the European and
Mediterranean~ Plant Protection
Organization (EPPO;  Bulletin
OEPP/EPPO Buletin, 2011) (Guibrod,
1987). During the first years afler
introducing the eradication program, a
Significant reduction in the incidence of
the causal agent of bacterial ring rot was
recorded (Kudela, 2007), but despite the
high cost of testing seed tubers, the
pathogen was not eradicated in central
Europe. The attention of legislators and
rescarchers  was  still focused on
minimizing the possible  horizontal
spread of Cms through  technological
‘measures and sanitation. In the temperate.
climatic zone of central Europe, Cms
does not cause serious crop losses or
Significant symploms on potato plants or
tubers (ACP, 2003; Bishop & Slack,
1987).  Infections in potato are
symplomless because of the low.
population rates and can persist in
certified sced stocks for many years
without _positive_test results (Nelson,
1982). Positive findings occurred most
often in the lowest levels of commercial
seed potatoes, E, A and B. Even seed lots
that were evaluated as healthy prior to
harvesting were positive when sampled a
few months later afler shipping (personal

communication). The combination of
Seversl years of  prolferstion  and
Subsequent unsuiable conditions during
the ransport and storage o seed tubers
can lad fothe pathogen's multplication,
‘which s below th threshold limits of
the main scrsening methods prior the
harvesting. Attenion should be focused
on the vertcal spread of the pathogen.
Iniia brecding materials that are from
diffrent sources are sl ot being
checked properly or at all before the
breeding process. Even new breeding
materials have only been checked
randomly. The frst egular nspection of
breeding material is made before ther
ranste to tisue cultures. This one-time
determintion of the pathogen sppers to
be imsuffcien. Breeding fams are
stusted in the highlands (400-600 m
Sbove the sea). where it i ot warm
enough (average temperature during the
growing season 10-13°C) for Cms to
mulply over the threshold level of the
Scrcening methods. Cins deection can be
performed  using . immunochemical
techniques. immunofluorsscence assays
(Roozen & Van Vurde. 1991 De Boer &
Copeman,  1980). _ensyme-linked
immunosorbent assays (ELISA: De Boer
etaL, 1988) or fluorescent in stu DNA
hybridizaton (Li et al.. 1997). All o the
methods have similar detecton limits of
1010 colony forming unis (cu) mL".
atan acceptabl level = 30%. In an effor
o increase the sensitivity of these
‘methods to approximately 10° cfu mL"
s, extraction buffers  containing
Iysoryme. Cns semiselectve. mtrient
media for incubation, and  magnetc
beads for trpping Cms antigens
(Pousscrs et al.. 2002) were used. The
Slow-growing pathogenis  often
overgrown by other rapidly growing

n
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Abd-EL-Wahab (2004), Bahloul, (2013)
and Zaghloul et al. (2015). Disease
Severity of wilt was recorded afer 60
days from sowing date. The arbitrary (0-
5) discase index scale as described by
Paz-Lago et al. (2000) was adopted.

Isolation of the bloagents: Trichoderma
harsianum  was  isolated from the
rhizosphere of tomato plants located in
Assiut Governorate, Egypt and identified
at Mycological Center, Assiut University,
Egypl.  Bacillus Bacillus
polymyxa,  Bacillus  megaterium _ and
‘Pseudomonas fluorescence were obiained
from Microbial Resources Center, Ain-
Shams  University. Egypt. Azotobacter
and Azospirillum _isolates were isolated
from the rhizosphere of tomalo plans
grown in_different locations of Minia,
Assiut,  Sohag, Luxor Govemorates,
Egypt. Afier purification, isolates were
tested towards for their efficiency to
nitogen —fixation by _growing in
modified  Ashby's medium  (Abdel-
Malek & Ishak, 1968). Then, Azotobacter
isolates were incubated at 30°C for 2- 5
days, while Azaspirillum isolates were
grown on a semi-solid N-deficient
‘medium (Dobereiner et a., 1976).

subiils,

Determination of nitrogenase activity
of blagents Isolates: The nitrogen fixing
capability of the isolates was achicved
using ambient assay of nifrogenase
activity according to Postage (1972). The
most efficient nitrogen-fixing bacterial
isolates were selected for further studics.

In vitro antagonistic effect of certaln
bloagents against liner growth of the
causal  pathogens:  Antagonistic
properties of plant growih promoting
bacteria and T. harsziamum were tested

against . oxysporum £ sp. Ivcopersici
and V. dahliae on Nutrient Agar plates
using 2 dual culture technique.  Agar
blocks  (Smm dia.) containing 5 days
old myeelia were placed at the center
of Nurient Agar plates. A loop full
culture (24 h old) of bacterial isoltes
was  inoculated linearly a2 cm
juxtaposed to the pathogen of cach
plate.  The fungal pathogens were
inoculated_centrally on Nutrent Agar
plate. Uninoculated plates served as
control. All the plates were incubated at
2841°C for 5 days and colony growth
nhibiton (%) was _caleulaed
according (o (Asha et al, 2011) by using
the formula

1=100-(100%(R/R,))

Where 1 is the degree inhibition of
vegelative growth of the fungi. R, is the
radius of the control colony in mm and
R, is the distance traveled by the
pathogenic fungi

Greenhouse  experiments: A pot
experiment was carried _out  under
greenhouse  condition,  Faculty  of
Agriculture,  Al-Azhar  University,

Assiut, Egypt. The cultivation process
was carried out during 2014_growing
scason using plastic pots of 30-cm in
diameter and 35 cm in depth. Scedlings
of tomato (cv. Super Jakal) were washed
with water and air dried.  Suitable
number of seedlings was immersed for
20 minutes in the appropriate cell
Suspension, and then 5% Arabic gum
was added to enhance the microbe
adhesion to the rools according to the
treatment of PGPR. following the
protocol described by Rovira (1959),
Fages (1990) and Khalifa ( 2005), Threo
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water, pH = 7.4) and incubated on an
orbital  shaker overnight at room
temperature. Plant extracts were analysed
using DAS ELISA fests and SYBR
Green real-time PCR assays, including
‘melting point analyses. Afte senescence,
danghier tubers from cach half of the
mother fuber were harvested. Afier 4
weeks of incubation at 22°C, tubers were
cut in two pieces, and the vascular ring
vessels at the stem ends of five tubers
were removed and macerated in 1.5 mL
of sample buffer. Then, they were
processed and analysed in the same
manner as the potato planis. After
incubation, 10 pL. samples from tuber
tissues were sireaked on C medium to
test for the presence of s using DAS
ELISA and real-time PCR assays. In the
third stage of the control process, several
lateral sprouing “eyes” of daughter tuber
samples that had tested negative for the
presence of s in the first and second
Stages were used for the establishment of
in vitro tissue cultures (George & Klerk,
2008; Chawla, 2002). The most vital 2-3
clones from the i vitro cultures of each
danghter tuber sample were stored.
Micro-plants from nuclear stocks were
‘muliplied and inspected 2 months later.
Altogether, 40 in vitro plants from each
clone were transfrred at 10 em lengths
to the soil substrate (Raselina Inc.,
Sobéslav, Czech Republic). Four plants
per pot (10-cm in diameter) were planted
in a quarantined greenhouse at 20°C to
22°C. Four weeks later, the plans from
ach pot were cut, washed under running
tap water and surface-disinfected with
75% ethyl alcohol. Approximately | g of
defoliated stems were macerated in 1.5
mL of sample buffer, treated and
analysed as the potato plant extracts
described abare.

DAS ELISA test: To determine the
sensiivity of polyclonal  antibodies,
Seral 10-fld. dilutions of s strain
'NCPPB 3467 and CPPB 97 from 10° cfu
mL" (ODsone = 0.1) to 10" cfu mL" in
sample buffer were prepared. For the
specificity evaluation, diferent types of
saprophytc  bacteial  colonies  were
isolated from 10 L. samples of potato
plants and tuber extracts streaked on
‘medium C plates and incubated for 24
days at 20°C. Bacterial strains were
identified using Biolog GEN Il (Biolog
nc., Hayward, CA, USA) and the Gas
Chromatography-Analysis of Fatty Acid
Methyl Esters (GC-FAME) method
(MIDI, Microbia ID, Inc., Newark, DE,
USA) with a Sim Index > 0.5 (Table 2)
The  concentrations of  bacteral
suspensions were set at ODsiges = 0.1,
and 1:1 dilutions in sample buffer were
prepared and processed in the same way
a5 plant ewracts and contrls
Suspensions of 10° cfu mL! and 1:]
iluions of Cms collction strains in
Sample buffer were used as positive
controls. The sample buffe and extracts
from healthy potto planis or  tuber
tissues were used as neglive contols
AN ofthetestd plans and tuber extrcts
were used both in 3 concentrated form
and dilued 131 in sample buffer. All of

the samples and controls were
reproduced in  duplicate _in  one
procedure. The DAS ELISA was

performed in a 200-pL reaction in Nunc-
Immuno™ MicroWell™ 96-well solid
microplates (Nunc_Systems Pyt Lid,
Hyderabad, India). The assay, setting of
the threshold level and the final
evaluation of absorbance values using
Spectrophotometer at 405 nm (Ausen).
were carried out using polyclonal
antibodies  according o the
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replicates were used for each of the
following  treatments each replicate.
Scontained plants In this case, using a
mixed culture of the PGPR organisms,
equal portions of the cells suspensions.
were thoroughly mixed and similarly
used for seedling inoculation. Discase
Severity on tomao plants was recorded
and the results were calculated according
to plants was recorded.

‘Statistical analysis: Data collected were
subjected to the stafistical analysis
according to the standard methods
recommended by Gomez and Gomez
(1984) using the computer program
(Costat). The differences between the
‘mean values of various treatments were
compared by Fisher's LSD according to
(Gomez & Gomez, 1983),

Results and Discusslon

Isolation and Identification of causal
pathogens: The tomatoes  pathogenic.
fungi causing wilt disease were isolated
from various locations in Assiut, Sohag

and Luxor Govemorates. Thirteen
different fungal isolates were obtained
which belong to two fungal genera.
Fungal isolates were identified as
Fusarium oxysporum f sp. Ivcopersici
(8 isolates) and Vericilliom dahlia (5
isolates) using the  morphological
features of mycelia and spores as
described by Bamet and Hunter (1977),
Booth (1977) and Domsch et al. (1980)
and confirmed by Mycological Center
(AUMC),  Assiut University, ~ Assiut,
Egypt.

Pathogenlelty fest: _ Pathogenicity
capability of 8 isolates of £ oxysporum
and S isolates of V-dahlia was carried out
on tomato plants (cultivar Super Jakal)
under greenhouse conditions at the farm
of Agriculture  Faculty,  Al-Azhar
University (Assiut Branch). Egypt. Data
presented in Table (2) shows that
Verticillium dahiia isolate (No. 1) and F.
oxysporum isolate (No. 9) were the most
virulent among all the tested isolates. In
which, they recorded 92 and 91% disease
severity, respectively.
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manufacturer’s  instructions _ (Loewe
Biochemica  GmbH,  Sauerlach,
Germany).

DNA extraction and real-time PCR
condifions:  The total genomic DNA.
from potato plants and tuber extracts,
positive and negative controls,
saprophytic bacteria (Table 2), and serial
10-fold  dilutions of  Cms sirains
NCPPB 3467 and CPPB 97 from 10° cfu
mL" (0D = 0.1) to 10' cfu mL was.
prepared using a DNAeasy Plant Minikit
(Qiagen, Hilden, Germany) or GeneAll
Plant SV Mini kit (GeneAll, Seoul,
Korea) according to the manufacturer’s
instructions.  The  real-time  PCR
amplification was performed using
Rotor-Gene Q Splex HRM (Qiagen.
Hilden, Germany) with the dye SYBR
Green (detection wavelength 510 nm)
with the following cycling conditions:
initial denaturation for 30 s at 95°C: then
40 cycles of 5 s at 95°C, and 30 s at
60°C. This was followed by a melting
curve from ST°C to 95°C, at 10°C
increments, for the melting _point
analysis. The SYBR Green real-time
PCR assay was performed in a 25-uL
reaction.  The  realtime  PCR
amplifications were carried out using a
‘mixture of the two primer sets, given in
Pastrik (2000), PSA-l_(5-CTCC
TIGTGGGGTGGGAAAA-3) /PSA-R
(S-TACTGAGATGTTTCACTTCCCC-
). and in Gudmestad et al. (2009), Cel-
F (S-TCTCTCAGTCATTGTAA
GATGA T3)CelaR 5-
ATTCGACCGCT CTCAAA-3), at final
concentrations of 0.2 and 0.5 pM per
reaction, _respectively. A Rotor-Gene
SYBR® Green PCR Kit (Qiagen) was
used, with 3 pL of template DNA,
according o the manufacturer’s

instructions. Al of the reactions were
duplicated. The data analysis included
the determination of the cycle thresholds
(cs) and the melting temperatures (tas)
of the PCR products. To determine the
sensitivity of the two primer sels,
template DNA from the 10-fold dilutions
of Cims collection strains were used. To
determine the specificity of the two
primer sets, both concentrated _and
diluted DNA samples from saprophytic
bacteria (Table 2) were amplified. DNA
samples from potalo and conirols were
used in cither concenirated or diluted
form.

Bl Aubergines (Solamum
melongena L) varicty Black Beauty was
inoculated through the stem at the two-
leaf stage. Concentrated poato plant and
tuber tisue extract, along with conlrols,
saprophytic baclerial suspensions, and
serial 10-fold dilutions of Cms collection
Stains were injected by syringe inlo four
planis per_sample. The inoculations,
plant incubation conditions and the
evaluation of leaves wiling symptoms
were conducted _according to the
‘OEPP/EPPO Bulltin (2006)

Results

Sensitivity and_specificty of DAS
ELISA, SYBR Green real-time PCR
nd the bloassay: A positive absorbance
threshold for the DAS ELISA assay was
set according o the manufacturer’s
instructions 10 Ausen = 0.4. These values
were reached for the Cms concentration
of 2 10° cfu mL". At a concentration of
10" cfu mL", the absorbance values
differed in replicates (Ausem = 022 and
0.36), and at concentrations lower than
10°cfu mL!, the absorbance was the
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Determination of nitrogenase activity
of Azotobacter and  Azospirillum
Isolates: Twenty isolates of Azotobacter
‘and Azospirilum were isolated from the
rhizosphere and_rhizoplane of tomato.
planis were tested for their efficiency for
nitrogen fixation using the ambient assay
of Nitrogenase  activity and the most
officient  five _isolates of cither
Azotobacter (AZIT, AZI3, AZI4, AZI0,
AZ9) or Azaspirillum (ASS, AST, ASI4,
ASI, ASI1), Then these isolates were
subjected to. further studies as shown in
Table (2).

Antagonistic cffects of bloagents
‘agalnst target pathogens in vitro: The
results of the anfagonistic activity of the
fourteen bacterial isolates as well as of
two isolates of Trichoderma harsianim -
L 7. harsianum-Il which isolated from
tomato plant rhizosphere were fested
against F. oxysporum fsp. Ipcopersici
(isolate No9), and V.dahliae (isolate
No.l) as shown in Table (3) Data in
‘Table (4). Our results exhibited that the
tested bacteria varied in their abilities in

reducing radial growth rate of the
pathogen and increasing percentage of
pathogen inhibifion as compared with the
control treatment (Table 4).

Evaluation of Trichoderma harzianum
against target pathogens in vitro: The
two solates of Trichoderma harzianum -
1 7 harzianum-11 _isolated from tomato
plant rizosphere were tested against £
oxysporum sp. Iveopersici, and V.
dahliae on PDA medium. Data in Table
(3) indicated that all tested isolates of 7.
harziamum 1, T. harziamum 11 exhibited
different degrees of reaction against £-
oxvsporum /. sp. Ivcopersici and V.
dahliae. 1t was clear from Fig. (1) that
the mycelium of 7. harziamum ~grew
rapidly over the mycelium of the
pathogen and prevened its developmen.
Trichoderma harziamum isolate No.I was
more effective on the pathogen growth
followed by isolate No2. This is
consistent with Zein EI-Abdean (2013)
There isolates of T. harziamum-1 was
selected for greenhouse studics. Data in
Table (4) demonstrated that B polymyxa
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nutrient acquisiton and contrl. Entemet
(unknown puplisher), 72-77 p.
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