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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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Discussion

Due to the persisting difficulties in
‘maintaining zero tolerance for the causal
agent of polato ring rol, attention was
focused on vertical discase transmission.
“This has led to an effort o set or improve
the control of initial breeding materials
A three-stage control process for potato
materials was suggested and_designed,
taking intoconsideration the time,
personnel and financial limitations of
small breeding and propagation stations.
Breoders are well acquainted  with
differences among potato  cultivars,
therefore, they are qualified to visually
assess potato tubers. According to the
percentage of potential Cms positives
obtained by the visual assessment, in
‘comparison with the results of the second
stage analysis, reviewers tended 1o
overestimate the presence of discoloured
vessels in tubers. The detection rate of
the visual assessments was also enhanced
afler one month incubation at a
temperature that  supported pathogen
‘multiplication. The ~Spearman’s rank.
coefficient for annual resuls indicated
that individual potato cultivars responded
differently to the artificial inoculation.
The percentage of positives in the first
stage was the highest within the three
stage process, but an average of at least
20% of tubers of individual potato
‘materials (Table 3) could be excluded
during the first stage. In the second
control stage of the presented trals,
significant _ differences were  shown
between detection rates in potato plants
‘and tubers (15% and 13 8%, respectively)
in the greenhouse, in which they were
grown under the optimal conditions for

the growth and multiplication of Cime
colonies, and rates in netting house (5.2
% and 7%, respectively) under nearly
field conditions (Table 3). The planting
of both parts of the mother tubers under
Cms optimal conditions in the
greenhouse should be more valuable for
revealing the prosence of the pathogen.
However, the second stage of control
was designed to use the equipment and
Space available at most breeding farms.
Breoders  usually  have limited
greenhouse space without the capability
to continuously regulate the temperature
‘and humidity, so the chance 1o increase
the Cme concentrations sbove the
detection methods thresholds is limited.
The possibility of enhancing the
determination rate was established by
growing two parts of the mother tubers
under different _conditions, _sampling
blossoming  plants and  incubating
danghter tubers at temperatures suitable
to Cms growth (Pankova & Krejzar,
2015; Krejzar et al.. 2007). The greatest
differences between the detection rates in
plants and daughter tuber extracts, and
between greenhouses and netting houses,
were observed for potato  broeding
materials (Figure 3). These expected
divergences were caused by the diversity
of the new breeding materials (size and
‘number of stems, number of tubers, etc.).

Ths, within these  materials the
importance of muliple testing increased.
Moderate _correlations _ between  the

resuls in 2014 and 2015 for individual
cultivars at the second stage showed. as
in the first stage that individual potato
cultivars responded differently 1o the
artificial inoculations. After the second
stage, 14%-28% of individual potato
‘materials in plants or daughter tubers
(Table 3) could be excluded. The
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Spearman’s rank coefficient p = 0.2 (p =
0.05) indicated moderate _interactions.
between the first and the second stage
cvaluations  of individual  potato
materials, so visual assessments of the
vascular vessels were valuable and an
overestimation in visual  assessment
correlated with the determination rate in
the second stage. These results indicated
that most of the Cms positive tubers
should be discarded already during the
first stage of the control process. For
breeders, the main determination method
in the second stage of control, the DAS
ELISA test, has some limitations (Lee et
al, 2001), but its simplicity and
reasonable cost allows it to be used in the
large-scale indexing of commercial seed
potatoes, as well as in the estimation of
breeding materials almost everywhere. In
this study. the DAS ELISA kit was tested
with 100% success for the antibody
specificity against local ~saprophytic
bacteria isolated from potato plants and
tubers. None of these bacterial strains
reacted with antibodies even at  high
concentrations, such as 10° cfu mL"
(Table 2). The negative results and those
near the DAS ELISA threshold level (10°
cfu mL") should be confirmed using a
PCR-based method in an  approved
laboratory. Real-time PCR with two
different” primer  sets, _plasmid-based
CeldFIR and_genomic PSAIR, were
used to avoid false negative reactions duc
to excision of the plasmid, and a melting
point analysis was used o exclude
nonspecific amplifications. In this study,
using a non-specific SYBR Green dye,
o cross-reacting saprophyticbacteria
were revealed (Beckhoven et al., 2002).
At the detection limit for real-time PCR.
methods, 10cfu mL" s should be
detected in important  parts  of

symptomless potatoes tubers and plants,
and can be confirmed with cerlinty
using the bioassay. Nevertheless, in our
trals a few real-time PCR threshold
positive and aubergine negafive samples
were found (< 1% of all of the samples).
‘Within the third stage of the inspection,
among the 23 clones of individual
potato cultivars and breeding materials,
no positives were revaaled in 2014 and
2015. As in the sccond stage, several
Samples measured in the real-time PCR
analysis using PSALR primer set
reached the ¢, and t, detection threshold
levels but were not confirmed by a
positive bioassay. Thus, in this study, all
of the Cms positive samples must be
revealed in the first and second control
stages of the control process. A number
of factors are associated with the lack of
discase symptoms in potato plants and
tubers, including the potato culivar, Cms
strain virulence and  environmental
conditions (Bishop & Slack, 1987
Manzer et al., 1987; Nelson & Kozub,
1983; Nelson, 1980). In this study, the
ability to detect all of the Cs atificially
inoculated tubers of potato cultivars and
brecding materials during the three-stage
control process was evaluated. This
control process was designed for small
breeders, which have limited funds,
personnel and _fucilities, 1o evaluate
limited lots of initial and new breeding
polato. materials within one growing
scason and simultancously knowledge on
how to reveal quarantined_pathogens
were used (Schuld et al. 1992; Slack,
1987). All of the positive samples were
successfully revealed. Thus, the throe-
stage control process can be valuable and
helpful to breeders in the cffort to
‘maintain a zero tolerance for the causal
agent of bacterial ring rot.

&
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troduction

Fennel (Foeniculum vulgare L) is a
member of Umbellifera  (dpiceac).
Although the original homeland of fennel
is the Mediteranean basin, however
fennel now is very common in the most
world countries. Fennel is considered one.
of the most popular medicinal crops of
the world. Fennel is used as spices,
beverage or for medical purposes.
(Gebily, 2015). Rhizoctonia  solani
Kuehn (Thantephorus cucumeris (Frank)
Donk) causes serious losses in fennel in
many parts of the world. Symptoms of
rot have been attributed to the action of
Several enzymes that degrade cell walls
(Wilhelm, 1995). The fungus is an
economically important pathogen of
‘many crops of worldwide. It occasionally
causes serious root rot. Damping off in
fennel and coriander scedlings is due o
R solani. This pathogen was isolated
from _different_Egyptian soil samples
(Saleh etal, 2013). Fennel is attacked by
soilborne diseases such s Fusarium
oxssporum. F. solani, Rhizoctonia solani,
Macrophomina _phaseolina, Selerotium
rolfsii and Pythium spp. which cause
cconomic losses in yield. ~Different
antagonists ie. Trichoderma spp. and
Bacillus subtilis used as seed coating
reduced the incidence of pre-, post-
emergence damping-off and root ot
diseases. Trichoderma harziamum, T
viride and B. subilis were the most
effective antagonists as shown by the
highest plants survival, the best seed
yield and ol components under field
conditions (Gebily,  2015).  The
antagonistic activity of Trichoderma spp.
was tested in vitro, in pot and in field
Role of bio-agents in cnhancing some
enzymes  (chitinase,  peroxidase  and

polyphenoloxidase) related 1o disease
resistance in plant was detected (Pieta &
Pastucha, 2004). Using T har=ianum and
T viride as seed dressing for bean sceds
at the rate of dgkg seeds. showed
specific suppression of damping-off, root
rot and improving fresh, dry weight of
shoois, dry weight of roots, yield
components number and  weight of
pods/plant and dry weight of 100 sceds
(Abmed et al, 2015; Ahmed, 2013;
Abmed,  2005;  Sullivan,  2004).
Trichoderma spp. as able to_conirol
various plant diseases, especally soil-
bome diseases. It affects plant pathogens
withdifferent mechanisms such_as
competition,  antibiosis and _parasitism

(Saksirirat et al. 2009). Also,
Trichoderma  spp. gave the best
hyperparasitic  behavior  against
Macrophomina phaseolinaand_can
induce resistance in treated plants
(Larralde-Corona et al,  2008),
Trichoderma  harziamum  can  be

considered as ideal biocontrol agent for
its good characteristc. This antagonist is
very easy to be isolated and it grows
rapidly on organic Stuff. Trichoderma
harzianum acts through different modes
of action ie. mycoparasitism (Ahmed,
2013; Lumsden et al. 1995). production
of antifungal substances (Robinson et al.,
2009), also it owns an enzymatic system
that causes destruction of the pathogens
(Ziedan et al., 2005). In addition to these
‘modes of action, Trichoderma also acts
as inducer for resistance in treated plants
against certain _pathogens ~ (Harman,
2006; Ahmed, 2005; Homer, 1993) and
can gow within wide range of
temperature_and other _environmental
conditions (Singh et al, 2010; Bailey et
al,, 2008). Bacillus subilis BNI proved
it 25 a potent bioconirol agent, whereas

1
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In the present investigation sowing of
safflower plant in the soil infected with
Fusarium verticillioides exhibit a drastic
inhibition in the accumulation of soluble
sugars in leaves comparing with the
absolute control, ~ (healthy  safflower
plants). Our results agree with Farouk et
al, (2012). 1t is noticed that significant
enhancement in the accumulation of
soluble sugars in safflower leaves were
recorded with application of ascorbic or
thiamine to_infected plants (Fig 4)
Safflower infested rools showed opposite
behavior when treated with ascorbic or

thiamine  concentrations  (1&3 M),
Farouk et al (2012) proved that
treatments  of tomato  planis  with

thiamine caused a significant offect on
tolal - carbohydrates  comparing  with
planis infected by Alternaria. solan.
Accumulation of soluble sugars in
infected tomato plans- especially treated
with bio agent and hormonal elicitors
indicated the relationship between sugar
regulation and activation of the systemic
resistance (El-Kallal, 2007). On the other
hand the increase in soluble sugar in
planis grown in pathogenized soil may
be due to refarded rate of translation
under the influence of call wall
degrading enzymes or toxins produced
‘and transfer via phloem clements (Heiser
et al, 1998) There are many reports on
the importance of sugar levels in plant
resistance to discases caused by fungal
pathogens and comycetes, but their role
as signal molecules in defense responses
has only been described in recent
publications (Morkunas et al. 2011;
Bolouri Moghaddam & Van den Eden,
2010). Many plant responses to the
attack of a fungal pathogen are closely
connected with the pathways regulating
the level of sugar in the plant cell and
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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. Afle senescence,
danghier tubers from cach half of the
mother fuber were harvested. Afier 4
weeks of incubation at 22°C, fubers 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

2
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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).

B T ——

pr—

Pr—— B a3
p—— ss @
bt A2, “ a
il . A5, s e
sspiilao . A5, 5 s
sspiilao . AS. 23 “
- s 1
il . A5,y n s
Bt . 3
y— s e
P orecene P s e

i (4T 643 "
B megurion ) 426 .
5 e 35 - 53
[——— n
[ —— s
T oot (1 326 .





OEBPS/Images/49_004.jpg
Pinkoy

Kecjar, 2016

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 =

Rt w 3 K03 5
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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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Spearman’s rank coefficient p = 0.2 (p =
0.05) indicated moderate _interactions.
between the first and the second stage
cvaluations  of individual  potato
materials, so visual assessments of the
vascular vessels were valuable and an
overestimation in visual  assessment
correlated with the determination rate in
the second stage. These results indicated
that most of the Cms positive tubers
should be discarded already during the
first stage of the control process. For
breeders, the main determination method
in the second stage of control, the DAS
ELISA test, has some limitations (Lee et
al, 2001), but its simplicity and
reasonable cost allows it to be used in the
large-scale indexing of commercial seed
potatoes, as well as in the estimation of
breeding materials almost everywhere. In
this study. the DAS ELISA kit was tested
with 100% success for the antibody
specificity against local ~saprophytic
bacteria isolated from potato plants and
tubers. None of these bacerial strains
reacted with antibodies even at  high
concentrations, such as 10° cfu mL"
(Table 2). The negative results and those
near the DAS ELISA threshold level (10°
cfu mL") should be confirmed using a
PCR-based method in an  approved
laboratory. Real-time PCR with two
different primer  sets, _plasmid-based
CeldFIR and_genomic PSAIR, were
used to avoid false negative reactions duc
to excision of the plasmid, and a melting
point analysis was used o exclude
‘nonspecific amplifications. In this study,
using a non-specific SYBR Green dye,
o cross-reacting saprophytic bacteria
were revealed (Beckhoven et al., 2002).
At the detection limit for real-time PCR.
methods, 10cfu mL" s should be
detected in important  parts  of

symptomless potatoes tubers and plants,
and can be confirmed with cerlinty
using the bioassay. Nevertheless, in our
trals a few real-time PCR threshold
positive and aubergine negafive samples
were found (< 1% of all of the samples).
‘Within the third stage of the inspection,
among the 23 clones of individual
potato cultivars and breeding materials,
no positives were revaaled in 2014 and
2015. As in the sccond stage, several
Samples measured in the real-time PCR
analysis using PSALR primer set
reached the ¢, and t, detection threshold
levels but were not confirmed by a
positive bioassay. Thus, in this study, all
of the Cms positive samples must be
revealed in the first and second control
stages of the control process. A number
of factors are associated with the lack of
discase symptoms in potato plants and
tubers, including the potato culivar, Cms
strain virulence and  environmental
conditions (Bishop & Slack, 1987
Manzer et al., 1987; Nelson & Kozub,
1983; Nelson, 1950). In this study, the
ability to detect all of the Cms atificially
inoculated tubers of pofato cultivars and
brecding materials during the three-stage
control process was evaluated. This
control process was designed for small
breeders, which have limited funds,
personnel and _fucilties, 1o evaluate
limited lots of initial and new breeding
polato materials within one growing
scason and simultancously knowledge on
how to reveal quarantined_pathogens
were used (Schuld et al. 1992; Slack,
1987). All of the positive samples were
successfully revealed. Thus, the throe-
stage control process can be valuable and
helpful to breeders in the cffort to
‘maintain a zero tolerance for the causal
agent of bacterial ring rot.
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exhibited strong antagonistic activity
against  Macrophomina  phaseolina,
Fusarium _oxysporum, F. solani and
Rhizoctonia solani. Bacillus subrilis BNI
produced lytic enzymes, chitinase and
beta-1, 3-glucanase which are known to
cause hyphal degradation and digestion
of the cell wall component of M.
phaseolina (Singh et al., 2008).
Trichoderma album, T. hamatum, T.
harzianum and T viride were reported to
significantly reduce the mycelial growth
of £ solani and R_solani. In addition, it
gave the highest plant survival
percentage _and  improved  yield
component. The results showed that the
levels of chitinase, _peroxidase and
polyphenol oxidase activity were highly
increased in treated strawberry  plants
compared to untreated ones (Latha et al.,
200 Priak & Kose, 2009; Saksiriral ef
al, 2009; Cherif et al, 2007). The
present  work aimed o docrease
fungicides use in agriculture to produce
high quality food in sufficient quanity
and to enhance biodiversity system. In
addition, an attempt was tried to find out
the most suitable bio agent that has the
ability to protect fennel plants against
some sailborne fungal discases.

Materials and methods

Isolation of the causal pathogens:
Samples of rool fennel planis were
collected from Sakran Farms, Abshoway,
Fayoum  Govemorate, Egypt. The
infected roots were washed in tap water,
air dried, surface sterilized by dipping in
1% Sodium hypochlorite solution for 3
minutes, - washed several times with
sterilized  distlled  water and dried
between two sterilized filter papers. The

Sterilized fragments were  aseptically
transferred to plates, each contained 15
ml poiato dexirose agar (PDA) medium.
Plates were incubated at 25:2°C and
examined periodically. The developed
‘mycelial growth of each emerged fungus
was picked up and transferred onto PDA
‘medium. Purification of cach isolated
fungus was carried out using the hyphal
tip technique (Hawker, 1956; Brown,
1924). Identification of the isolated fungi
was carried out according o their
cultural and ‘morphological
characteristics described by Gilman,
(1957). Barnett and Hunter, (1987) and
Singh, (1982). Stock cultures were
‘maintained on PDA slants and kept in
refrigerator at S°C for further studies.

Iolation of  the  antagonistic
microorgansms: Roots of apparently
healthy fennl plants were collcted from
soil 1o iolate diffrent _antagonistc
microorganisms using the  method
described by Ahmed, (2005) and Amed
(013) One gram of the soil was
abtained from thizosphere of fennel oot
plants, on dry buss, added asepticaly to
99ml sterile disilled water (1o make
sock dilution of 1/100) and was shaked
periodically for  approximately 15
minutes. In similar way, the stock soil
Suspension was used o, make. serial
dilutions of 107 to 10*. Autoclaved
peptone dextrose agar + rose Bengal +
Sireptomycin medium (Johnson et .
1960) and Soil extract agar medium
(Lochhead, 1940) were used for isolating
the antagonistic fungi and bacteia. Soil
suspensions of dilutions 10* (ohnson ot
al. 1960) and 10° (Lochhead. 1940)
were used for isolating antagonistic fungi
and bactera, respectively. One ml of a

1
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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

5
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ensuring energy homeostasis (Hey et al.,
2010). Data obtained herein show that the
Soaking of safflower infected seeds in lor
3mM ascorbic or thiamine concentrations.
are  significantly  onhanced the
biosynthesis of total amino acids in
leaves (Fig$). Sayed and Gadallah,
(2002) proved that the proteolytic
digestion of thiamine-binding protein to
give amino acids could be an alternative.
explanation for higher amino _acids
contents in thiamine-treated plants. On
the other hand application of ascorbic.
only caused a stimulatory effect on the
safflower roots compared with the
control, this results in_accordance with
the data of EI-Khalla, (2007),
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In_general, free amino acids content
reduced, as discase infection in_the
susceptible cultivars and the  resisant
cultivars at all infection stage (Shukla
2001; Gowily et al. 1995; Mandavia et
al. 1990). Bhut, (2005) who have
reporied in both normal and infected
plois, free amino acids conent in root
tissues decreased as growth of the plants
from pre infection (S1) to post infection
(S3) in chickpea plant parts at different
Stages of disease development or growth
of the plants. Reddy et al, (2005) proved
that Fusarium solani infected of turmeric
roots resulted in marked increase in all
the nitrogen fractions _including total
nitrogen,  protein _ nitrogen, _ soluble
nitrogen and amino nitrogen. The effect
of (Ascorbic acid or thiamine) in
safffower root and leaf proline
accumulation was shown in Fig 6
Results reveal that an accumulation of
proline in infected safflower plants in
comparison with the healthy plans.
Treament of safflower infected plants
with cither ascorbic acid or thiamine
(1&3mM) improve and retard proline
accumulation to is original value in the
absolute control. The highest value was
recorded in the Fusarium infected plans.
Proline is an osmoprotectant in plans,
able to balance drought stress (Farghaly
etal. 2013; Yashibo et al, 1997) and salt
stress (Gadallah, 1999). In a voriety of
plant, stresses such as cold, heat, sal,
drought, UV, and heavy metals
significantly increase endogenous proline
concentrations. Rathod and Vakharia,
(2011) reported that root tissues obained
from infected plot of chickpea that is,
inoculated with . axysporum showed
significantly higher proline content 35
compared o the planis from normal plot
at pre infection. Several investigators

20





OEBPS/Images/333_008.jpg
Hods Abmed et L. 2016

reported increase level of proline during
disease development (Yurong et al,
2005; Mandavia ot al. 1990). In
conclusion, ascorbic acid or thiamine are
considered as efficient o alleviate the
harmful effect of fungal infection on the
safflower  plants  through  induced
stimulation of dry weight, total
photosynthetic pigments, enhancement of
Soluble sugars, amino acids and reduction
of proline accumulation. Thiamine and
ascorbic acid application is ecofriendly
than fungisides to use for overcoming
root ot and wilt diseases of safflower
plant. It induced resistance of safflower
plant
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assessment (Figure 3). The Spearman’s
rank coefficient p = 02 (p = 0.05)
indicated moderate inferactions between
the first and the second stage evaluations.
of the individual potato materials. The
resulting detection rates of the assays
used in the second control stage, in
decreasing order, were the real-time PCR
assay with the PSAR primer set, the
real-time PCR assay with the Celd FIR
primer sel, the bioassay and the DAS
ELISA. The last two were nearly the
same. Results from the PCR primer sets
differed for approximately 3% extracts
over the two years. In the third control
stage, the presence of s in vascular
vessels of all of the polato materials
transfarred and subsequently grown from
in vitro tissue cultures were evaluated
using the same diagnostic methods. The

assays were performed under the same
conditions as in the second stage. Al of
the potato materals were determined to
be negative for the presence of Cons in
2014 and 2015. Several values oblained
from the real-time PCR analysis using
the PSAUR primer set reached the ¢, and
 detection threshold levels but were not
confirmed by a positive bioassay. The
resulting detection rates after two years
using the three-stagecontrol process
were, in decreasing order, mother tubers,
polato_plants, daughter tubers, and
vitro plants. According to the resuls of
the visual assessmen, DAS ELISA, real-
time PCR and bioassay, 38.2%, 15.5%
and 0% of potato materials were positive
for the presence of the Cons pathogen in
th first, second, and third contrl sages,
respectively.
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known  dilution  was  asepiically
transforred to sterilized Petri-dishes cach
containing about 10 ml of melted warm
‘agar medium. Three plates were used for
each dilution. Al plates were incubated
at 2551°C for 2 - 4 days. The isolated
‘microorganisms, which grew in separate
colonies on the dilution plates,  were
sclected, sub-cultured and _ identified
‘according to their morphological, cultural
characters (Rifai, 1969; Comm, 1955).
Identification was _confirmed at the
Mycology and Plant Discase Survey
Research Department, Plant Pathology
Rescarch Insttute, Agricultural Rescarch
Center, Egypt.

Pathogenielty tests: Pathogenicity tests
were carried out under greenhouse
conditions located at _Integrated Pest
‘management Research Department, Plant
Pathology  Research  Institute,
Agricultural Research Center, Egypt.
Plastic pols 20 cm diameter were
Sterilized by dipping in 5% formalin
solution for 5 min.,then lefl in open air
till dryness. Disinfected clay loam soil
(with 5% formalin) was_distributed in
plastic pots (3.0 kg sterilized soil pots
and infested by 10 g of com sand meal
(CSM)  medium  inoculated by F.
oxssporum,  F. solani, R._solani, M.
phaseolina, S. rolfsi and Pythium spp.
com sand meal (CSM) medium enriched
with 0.2% peptone_solution_(Ahmed,
2013; Ahmed, 2005; Abd El Moity,
1985). Soil infestation was performed 10
days before sowing tested crop. Seeds of
fennel obiained from organic Sakran
farm, Abshoway, Fayoum Govemorate,
Egypt, were used in this experiment
Seeds were sown in the infested pols or
non-infested (control) at the rate of 5
sceds /pot and three pots were used as

replicates for each particular treatment.
Data were recorded as percentage of
discase incidence in cach treatmen.

In vitro experiments: The effect of
different antagonists on the lincar growih
of the pathogenic fungi was conducted
under  laboratory _ conitions.
Trichoderma. harzianum, T. viride, B.
subtili solated from rhizospher soil of
fennel plants and commercial preparation
“Bio Zeid (Talium) and Bio ARC
(Bmegaterium)” were evaluated during
this study. Unless otherwise mentioned.
autoclaved Gliotoxin Fermentation Agar
(GFA) and the Nutrient Glucose Agar
(NGA) media were used for growing the
antagonistic _fungi  and bacteria,
respectively. Plates 9 cm each contains
10 ml of GFA or NGA media were used
for studying effects of antagonistic fungi
and  bacteria, respectively. The
antagonistic fungi, bacteria and _the
commercial  preparation  suspensions
were added to warm sterilized GFA and
NGA medium, respectively at the rate of
10% and poured beforesolidification
into Petri dishes (10 mljplate). The
freated plates were inoculated at the
center with_discs obtained from the
periphery of 5 days old cultures of
pathogenic fungi. Plates contained media
without antagonists and inoculated with
pathogenic fungi were served as control
freatment. Three plates were used for
cach  particular  treatment. _Inoculated
plates were incubated at 2541°C. The
experiment  was terminated  when
mycelial mats covered the medium
surface in control treatment, all plates
were examined and percentage of
reduction in mycelial growth of
pathogenic fungi means were calculated
using the formula suggested by Abd El
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Pycnidia were light brown in transmilted
light and varied in shape from sub-
globose to pyriform, measured 36-123 x
2245 um, with no distinctostiolum;

conidia  unicellular, _hyaline, mostly
guttulate conidia, 4275 x 236 m,
dehiscence by  apical rupture  of

pyenidium (Figure 2 & 4)
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Discussion

Due to the persisting difficulties in
‘maintaining zero tolerance for the causal
agent of potato ring rol, attention was
focused on vertical discase transmission.
“This has led to an effort o set or improve
the control of initial breeding materials
A three-stage control process for potato
materials was suggested and_designed,
taking intoconsideration the time,
personnel and financial limitations of
small breeding and propagation stations.
Breoders are well acquainted  with
differences among potato  cultivars,
therefore, they are qualified to visually
assess potato tubers. According to the
percentage of potential Cms positives
obtained by the visual assessment, in
‘comparison with the results of the second
stage analysis, reviewers tended 1o
overestimate the presence of discoloured
vessels in tubers. The detection rate of
the visual assessments was also enhanced
afler one month incubation at a
temperature that  supported  pathogen
‘multiplication. The ~Spearman’s rank.
coefficient for annual resuls indicated
that individual potato cultivars responded
differently to the artificial inoculation.
The percentage of positives in the first
stage was the highest within the three
stage process, but an average of at least
20% of tubers of individual potato
‘materials (Table 3) could be excluded
during the first stage. In the second
control stage of the presented trals,
significant _ differences were  shown
between detection rates in potalo plants
‘and tubers (15% and 13 8%, respectively)
in the greenhouse, in which they were
grown under the optimal conditions for

the growth and multiplication of Cime
colonies, and rates in netting house (5.2
% and 7%, respectively) under nearly
field conditions (Table 3). The planting
of both parts of the mother tubers under
Cms optimal conditions in the
greenhouse should be more valuable for
revealing the prosence of the pathogen.
However, the second stage of control
was designed to use the equipment and
Space available at most breeding farms.
Breoders  usually  have limited
greenhouse space without the capability
to continuously regulate the temperature
‘and humidity, so the chance 10 increase
the Cme concentrations sbove the
detection methods thresholds is limited.
The possibility of enhancing the
determination rate was established by
growing two parts of the mother tubers
under different _conditions, _sampling
blossoming  plants  and  incubating
danghter tubers at temperatures suitable
to Cms growth (Pankova & Krejzar,
2015; Krejzar et al.. 2007). The greatest
differences between the detection rates in
plants and daughter tuber extracts, and
between greenhouses and netting houses,
were observed for potato  broeding
materials (Figure 3). These expected
divergences were caused by the diversity
of the new breeding materials (size and
‘number of stems, number of tubers, etc.).

Ths, within these  materials the
importance of muliple testing increased.
Moderate _correlations _between the

resuls in 2014 and 2015 for individual
cultivars at the second stage showed., as
in the first stage that individual potato
cultivars responded differently 1o the
artificial inoculations. After the second
stage, 14%-28% of individual potato
‘materials in plants or daughter tubers
(Table 3) could be excluded. The
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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),
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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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Discussion

Euphorbia hirta s a weed that grows in
‘open grasslands, roadsides and pathways.
It s a well-known medicinal plant and
called sometime “Asthma plant” (BSBI,
2007). The stem and leaf extracts are
useful in jaundice (Gautam et al., 2011).
The present rescarch shows the
mycoparasitic  relationship between
‘powdery mildew fungus (P. cuphorbiae-
hirtae) on E. hirta and Ampelomyces
quisqualis.  The  powdery  mildew
infection on E. hirta appeared as white
‘porwdery mass but tumed off white upon
‘mycoparasitic attack by A. quisqualis.
The powdery mildew on E. hirta caused
by various fungi is reported carlir also,
‘The anamorphic stte L. Oidium state of
Sphacrotheca fuliginea was  recorded
previously by Barreto and Evans (1998)
and Majumdar et al. (2007). Another
powdery mildew fungus Sphacrotheca

P 3. Anpelomyees gl s svcures
1 e o (S 2o

cuphorbiae  was  reporied  from
Maharashtra_state also (Pawar et al.,
2011). Similarly, different_species of

Podosphaera e Podosphacra
cuphorbiae;Podosphaera_euphorbiae-
helioscopiae;  and  Podosphacra

cuphorbiae-hirtae were also reporied
from  China, Taiwan, India, Japan,
Malaysia, Singapore. Sri Lanka (Braun
& Cook, 2011; Paul & Thakur, 2006)
The fungal genus Ampelomyees is
considered to be major  intracellular
mycoparasite of Erysiphales  species
worldwide. Ampelomyees mycoparasites
were mostly studied for their use as
biological control agents (BCAs) of
powdery mildew infections of various
crops (Legler et al. 2011). Review of
literature provides 2 lot of information
about Ampelomyees fungi on different

powdery mildew fungi. Ampelomyces
quisqualis _has been reported as
mycoparasitic on  various  powdery

s
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Moty (1985), Ahmed (2005) and Ahmed
(2013) as following:

Reduction e growth

w( G )]

Where, G1= growth of pathogenic fungi
in plates inoculated with the pathogen

alone, G2= growth of pathogen against
antagonist,

Fled  experiments:  All field
experiments, unless otherwise indicated,
were camied out at Sakmn fam,
Abshoway, Fayoum Governorate, Egypt
on 15* October, 2015 and 2016 growing
scasons, where soil is_light loamy
textured with natural infestation. Nile
water is available in this area with
suface imigation  system. In _this
experiment,  suspensions  containing
propagules of the tested biocontrol
agents, ie. T. harzianum, T. viride and B.
subrils were prepared as described by
Abmed, (2005) and Ahmed. (2013).
Fennel sceds were soaked in 5% Arabic
gum, then mixed in the bioagent and
commercial preparations “Bio Zeid (T
album) and Bio ARC (B. megaterium)” at
the rate of Sgkg" seeds of fenncl with
Tween 80 at concentration 0.3% for 12
hours before sowing. All the experiments
were  conducted in a complete
randomized block design with three
replicated plots, the area of the
experimental plot was 9 m? and
comprised of 3 rows (3m long * S0cm
widih) with about S0 cm apart. Each row
was planted with 60 seeds of fennel in
naturally infested soil. In all field
experiments, percentages of pre-, post-
emergence damping off and rool ot
diseases were determined afler 10, 21 and
45 days. respectively from sowing

according to the method described by E1-
Helaly et_al., (1970). Ahmed, (2005) and
Abmed, (2013). The survived plants
were counted, uprooted and used for
determining the yield components of
fennel. Samples of treated plants were
collected from different treatment to find
out effect of all biological treatments on
fennel sceds contents. The following
experiments were carried at Central
Laboratory of ~Biotechnology, Plant
Pathology Research Institute, ARC,
Giza, Egypt. Fifty gm of fennel seeds
were extracted. These seeds were hydro
distilled for 2.30 to 3.00 hours to extract
oil content as mentioned by Anonmous,
(1968). Percentage of active substance in
fennel oil (Anethole, D-limonene and
Estragole) were determined using HP
6890 Series Gas Chromatograph System
to illusrate effect of different biagents
on qualty of oil in fennel sceds. In
additional, percentage of oil in different
samples was calculated according to the
next formula:

observed volume ail (]

O%)= weight of sample (g)

100

Statistical  analysi
Subjected o statstical
compared according to the least
significant  difference  (LSD)  as
mentioned by Snedecor and Cochran,
(1989,

Data were
analysis and

Results and Discusslon

Isolation and Identification of fennel
Foot rot pathogens: Data in Table (1)
indicate that R. solani, F. solani and M.
phaseolina were the most  frequently
isolated fungi from the rotted samples of
fennel collected from  Abshoway,
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Effect of cerfain antagonists on vield
‘components: Presented data in Table (6)
show that applying any of the tested
antagonists at the rate of . Sgkg sceds)
for treating fennel seeds increased in the
assessed yield parameters in 2015
growing scason than in 2016 growing
Season.  Trichoderma  harsianum
significantly caused the highest increase
in dry weight of 100 seeds, dry seeds
weight/plant significantly and total yield
of scods, being 1.50gm, 50.66gm_and
1300 Kg. respectively in the 2015
growing season_and gave 148gm,
49.00gm and 1250 Kg, respectively in
2016 growing season in comparison with
the control. On the other hand, P.
Sluorescens was the lowest effective one
during the two growing seasons. In most
cases there were significant differences in
the estimated values in both growing
season due to using T. viride, Bio Zeid
(T album), B. subiilis and Bio ARC (8.
megaterium). These results are in
‘harmony with those obtained by Sullivan,
(2004) who reported that R. solani, 5.
rolfii and F. solani soil-bome diseases
result from a reduction of biodiversity of
soil - organisms. Restoring  beneficial
organisms  that  attack  otherwise
antagonize ~disease-causing ~ pathogens
will render a soil discase-suppressive.
Plants  growing in_ disease-suppressive.
Soil resist discases much better than in
Soils low in biological diversity. The
increase of yield also may be due to
cither healthy root system that absorb and
supply adequate amount of raw nurient
or the syntheses of these raw nurient
‘materials effectively in presence of high
amount of chlorophyll and protein, that
led to more fruit yield (Ahmed et al.,
2015: Gebily, 2015).
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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 =

Rt w 3 K03 5
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Threcstage control _process: The  sown and planed 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 tubers 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 vessels 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
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Fayoum  Govemorate,  Egypt
Identification was carried out according
to the cultural and  morphological

characters described by Gilman, (1957),
Bamett and Hunter, (1957) and Singh,
(1982),

Sclerotium rolii
Prthium spp.
Toul

Pathogenicty tests: Data in Table (2)
st that the most dangerous effects
of all soilbome diseases ie. F.
axrsporum, . solari, R solri, M.
phaseolina, S ol and Pyt p.
Rave oceured s e stages of re- pos-
emergencs. dumping off and root ot
discases Rhizoctonia solani wasthe most
aggressive soflbore disease and caused
the highet effect on pre. post-
emergence. dumping ot and root ot
incidence (35, 30.0 and 15.0%), followed
by M. phaseoina (00, 250 and 1250,
respetively. The opposite trend was
rocognized for Pyiam spp that showed
the lowest records (15.0, 10.0 and 8.0%)
for pre., postemergence damping.off
and Tool ot discaes, respecively and
Showed the highest percentage 67% on
Sanding plants. However, no signficant
Varatons were deteced between F-
cxvsporum  and  Scleroium ol
reamens particularly at the - sages of
pre., post. emergence damping off and
Toor fo diseass. These resuls e in
agreement with those reported. by Coly-
Smih (1976) Sennr ot aL, (2010) and
‘Abmed e, L., (2015) who metioned tht
the destrction on root caused by

23
0
E
10
o7
100

soilborne pathogens was due fo the
Synergistic action between
polygalacturonase and  oxalic  acid
produced by these pathogenic fungi,

Effect of antagonists on the linear
‘growth of the pathogenic fungl: Data in
Table (3) indicate that the different
antagonistic isolates were significantly
varied in their inhibitory effects against
the in vitro linear growth of both tested
pathogenic fungi. In this respect, T.
harzianum  significantly  caused  the
highest reduction of mycelial growth
being 82.08 % followed by T. viride
(7987 %), Bio Zeid “Talbum” (8.1
%), B subrilis (75.72%) and Bio ARC
“Bmegaterim™ (T215%) on  the
average. On the other hand, P.
Fluorescens gave the least effect and the
average  recorded  decrease in the
pathogen growth was  66.06%. The
average of reduction in one to the six
antagonists of F. solani (79.34 %) was
Significanily higher than that of R. solani
(7472%) and of M. phaseolina
(7286%). This_phenomenon might be
explained in the light of fact that
different  pathogens  with different

1
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‘mildew infections in natural conditions.
‘The previous reports on association of .
quisqualis with powdery mildew  of
grapes (Legler et al., 2015; Caffi et al,
2012; Falk et al, 1995); apple (Vaidya &
‘Thakur, 2005); crops, weeds, medicinal
plants (Belsare et al., 1980; Kiss, 1998)
and Xanthium strumarium (Gavtam &
Avasthi, 2016) revealed its wide host
range and potential as bioconirol agent
(Daoust & Hofstein, 1996). Genetic
diversity of Ampelomyces mycoparasites
isolated from different powdery mildew
Species was studied by Liang o al.
(2007). Ampelomyces quisqualis bas been
found to produce certain enzymes which
dissolve the host cell wall and penetrate
and inactivate the host defense
‘mechanism. Reporls are available which
show that the mycoparasitsm is not only.
restricted to powdery mildew: it can also
parasitize Botytis _cinerea, Alternaria
solani, and
Cladosporium _cucumerimm (Jarvis &
Slingsby, 1977). To the best of our
knowledge, this is the first report of
mycoparasitism  of  Ampelomyces
quisquali on powdery mildew  of
Euphorbia hirta in India.
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Three-stage control process: In 2013
2014, 16 potato cultivars, and in 2014—
2015. 16 potato cultivars and |1 breeding
‘materials were_evaluated using a three-
stage process (Table 1). In the first stage,
the presence of Cims in vascular vessels
‘of mother tubers was evaluated by visual
assessment, ~ producing _the highest
number of positives within the three-
stage evaluation of potato materials

(Figures 2 and 3). In 2014, 32.2% of
tubers in each potato cultivar appeared
positive, while in 2015, 20% of cach
cultivar, and 25.5% of the brecding
materials, appeared  positive. _The
Spearman’s rank coeflicient p = 030 (p
= 0.05) indicated moderate interactions
between the annual results of the
individual cultivars within the first stage
of the control process.

Fiure 2 Comparison o the perceige

Clovibacte micigmenis s, sepdonicus (Co) posive s o
sl e ot s econd comol Ao . e s 2014 015 the s s,

eaples ofplat e o e dtemind e s posive e e DAS ELISA bt Ay 0.4 o et
st PCR it AT b €28 smd 1, - 555 - 0.1°C. et CeLAFR b 1= 30 1 6.5
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In the second control stage. the presence
of Cms in vascular vessels of potato
plants grown from mother and daughter
fubers  was  cvaluated using three.
‘methods. The samples were determined
to be positive when they had an
absorbance value Ausqm > 0.4 in the DAS.
ELISA assay or the real-time PCR assays
with the PSA I/R primer set had a ¢, < 25
‘and a main peak at the t, = 85.5 £ 0.1°C,
the Cel F/R primer set had a ¢, < 30 and
1= 86.5 % 0.1°C. The positive result was
confirmed by the development of wilting

symptoms on aubergine planis within 6
weeks afler inoculation and the re-
isolation of Cms. In 2014, the highest
percentage of Cms positive samples per
cultivar was 12.5% of daughter tubers
harvested from the greerhouse, followed
by 121% of plants grown in the
greenhouse, 119% of daughter  tubers
harvested from the netting house and
1.9% of the plans grown in the netting
house (Figure 2). In 2015, the detection
rates in the second control stage were, in
decreasing order, 12.7% in the daughter
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swations  own  different  defense.
‘mechanisms against enzymes and toxic
substances that produced by different
antagonists (Ahmed et al, 2015; Ahmed,
2013; Abmed, 2005, Tuner, 1971).
Trichoderma spp. degraded the cell wall
pathogen due 1o the production of lytic
enzymes such as chitinases, peroxidase,
polyphenoloxidase and glican 13 B-
glucosidases (Mausam et. al., 2007: Pieta
& Pastucha. 2004).  Bacillus subtilis
occupied  the  sccond rank afler
Trichoderma spp.. this might be due to
that it produces a group of enzymes,
which dissolve the cell wall of the
pathogen (Ahmed, 2013; Ahmed, 2005).
antibioties such as _bacterocin and
subtlisin (Bender, et al., 1999), volatile
compounds and phylotoxic substances

(Hoagland & Cutler, 2000; Glick, et. al.,
1999).  Pseudomonas  fluorescens
‘occupied the third rank after the previous
antagonists. this might be due to the
offensive _plant  growth-promoting
bacteria “PGPB” _colonization _and
defensive retention of rhizosphere niches
to enable production of bacterial
allelochemicals, including iron-chelating
siderophores, antibiotics,  biocidal
volatiles,  lytic  enzymes  and
detoxification enzymes (Compant et. al.,
2005; Hass & Defago, 2005), production
of mycolytic enzymes namely protease,
lipase and secondary metabolites such as
hydrogen cyanide (HCN), salicylic acid
(SA) and iron chelating siderophores
using standard _protocols (Anand &
Kulothungan, 2010).
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Safflower (Carthamus tinctorius L) is
one of the oldest crops, traditionally,
grown for its seds, and used for
colouring. flavouring foods and for
‘making red and yellow dyes (Zohary and
Hop, 2000). In he last century, the plant
has been cultivated mainly for the oil
extracted from its seeds (Corleto et al..
1997). Seed oil content is between 35 and
50% (Camas et al, 2007). World
production s around 600,000 tons,
produced in more than sixty couniries
worldwide (mainly in India, USA and
Mexico) from about 850 000 ha (FAO,
2012). Also, it grows in many locations.
of Egypt, especially in Assiut, Qena and
Aswan Governorates. Safflower rool-rot
and wilt discases caused by Fusarum
verticillioides was very serious disease in
Egypt and other countries (Govindappa et
al, 2011; Nasehi, 2010). Application of
chemical fungicides for controlling plant
discases became improper methods and
undesired  causing  environmental
pollution. For managing this pathogen,
Several altemative measures are being
tested. Natural resources as. chemical
inducers were recently applicable (El-
Baz, 2007). resistant culivars (Mengistu
et al, 2007). Induced resistance by
chemicals is also a promising approach o
prevent discases caused by soil-bome
pathogens (Okubara & Paulitz, 2005).
Ascorbic acid (vitamin c) is an important
metabolite involved in many cellular
processes, including cell division (De
Gara et al, 2003). It also partcipates in
anti-oxidation (Aria & Mohammad
2008). In recent years, the importance of
vitamins as nulrients and as control agent
for different  discases has been
demonstrated (Dong & Beer, 2000). Ahn

et al. (2005) demonstrated that thiamine
(vitamin BI) induces systemic acquired
resistance  (SAR) and vitamin Bl
function as an activator of plant disease
resistance. They reported that thiamine
treated rice, Arabidopsis thaliana and
vegelable crops showed resistance {0
fungal, bacterial and viral infections.
Ascorbic acid has been reported 1o
induce resistance in plants to a mumber of
plants pathogens (Agam et al, 2010). The
present  study  was  conducted to
investigate the effect of ascorbic acid
and_thiamine (applied through seeds
soaking) to control root rot and wilt
discases of safflower caused by
Fusarium verticillioides as well 2s study
some biochemical change in plant afler
treatment.

Materials and methods

Source the causal pathogen: Fusarium
verticllioides (No. 1) was isolated from
safflower  plant  showing  typical
Symptoms of rool-rot and wit discases in
commercial safflower farms at Assiut
Govemorate, Egypt. The pathogenicity
of this isolate was previously tested and
it showed high virulence as recorded by
Hoda Ahmed and Ghada Abd Elaziz,
(2013),

In viro investigation of certain
chemical resistant Inducers on growth
of Fusarium verticllioides: Laboratory
work were carried out to study the effect
of various  concentations (0,1,3,6 and 9
mM) of four chemical substances
(ascorbic acid, oxalic acid, thiamine and
riboflavin) on growth of Fusarium
verticllioides on linear growth and
germination  of  pathogen  Fusarium
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Three-stage control process: In 2013
2014, 16 potato cultivars, and in 2014—
2015. 16 potato cultivars and |1 breeding
‘materials were_evaluated using a three-
stage process (Table 1). In the first stage,
the presence of Cims in vascular vessels
‘of mother tubers was evaluated by visual
assessment, ~ producing _the highest
number of positives within the three-
stage evaluation of potato materials

(Figures 2 and 3). In 2014, 32.2% of
tubers in each potato cultivar appeared
positive, while in 2015, 20% of cach
cultivar, and 25.5% of the brecding
materials, appeared  positive. _The
Spearman’s rank coeflicient p = 030 (p
= 0.05) indicated moderate interactions
between the annual results of the
individual cultivars within the first stage
of the control process.

Fiure 2 Comparison o the perceige

Clovibacte micigmenis s, sepdonicus (Co) posive s o
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In the second control stage. the presence
of Cms in vascular vessels of potato
plants grown from mother and daughter
fubers  was  cvaluated using three.
‘methods. The samples were determined
to be positive when they had an
absorbance value Ausqm > 0.4 in the DAS.
ELISA assay or the real-time PCR assays
with the PSA I/R primer set had a ¢, < 25
‘and a main peak at the t, = 85.5 £ 0.1°C,
the Cel F/R primer set had a ¢, < 30 and
1= 86.5 % 0.1°C. The positive result was
confirmed by the development of wilting

symptoms on aubergine planis within 6
weeks afler inoculation and the re-
isolation of Cms. In 2014, the highest
percentage of Cms positive samples per
cultivar was 12.5% of daughter tubers
harvested from the greerhouse, followed
by 121% of plants grown in the
greenhouse, 119% of daughter  tubers
harvested from the netting house and
1.9% of the plans grown in the netting
house (Figure 2). In 2015, the detection
rates in the second control stage were, in
decreasing order, 12.7% in the daughter
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Bacterial ring rot, caused by the gram-
posifive  bacterium  Clavibacter
michiganensis  subsp. _ sepedonicus
(Spicckermann & Kotthof?, 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) (Gutbrod.
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
cerified 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 farms are
Stusted in the highlands (400-600 m
Sbove the sea). where it is 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-inked
immanosorbent 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 semi-selectve. mtrient
media for incubation, and magnetic
beads for trpping Cms antigens
(Pousscrs et al. 2002) were used. The
Slow-growing pathogenis  often
overgrown by other rapidly growing
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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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tubers of cach cultivar harvested from the
greenhouse, 118% of potato plants
grown in the greenhouse, 6.0% in plans
grown in the netting house and 4.0% in
danghter tubers harvested from  the
netting house (Figure 2). For breeding
‘materials, Cms was found in 21.2% of
reenhouse plants, 16.2% of greenhouse
tubers, 7.7% of netting house plants and
5.1% of natting house tubers (Figure 3).
In 2015, the order of the infected potato
cultivars and breeding materials differed
slightly, but in total the Cms positive
percentages were much higher in the new.
brocding materials. The highest positive
detection rate of 21.2 % per cultivar was
detected in plant extracts of broeding

‘materials grown in the greenhouse. The
Spearman’s rank coefficient p = 0.32 (p
= 005), indicating that moderate
interactions  among the _individual
cultivars” anmual results at the second
control stage (Figure 2). Generally, over
the two years, no significant symptoms
of wilting on potato plans were observed
in the greenhouse and netting house
More Cms positive samples were
detected in the greenhouse: 15% per
polato material for plant_extracts and
13.8% for tuber extracts. In the netting
house the average positive detection rate
over the two years reached 5.2% for
plants per potato material and 7.0% for
tubers per potato material (Table 3).

.
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‘The detection rates in the second control
Stage differed from those of the first stage
regardiess of the type of potato material
(Figures 2 and 3). Only for three

brecding materials (B 1572, E §/1 and
K703) planted under  greenhouse
conditions was the percentage of positive
samples greater than that of the visual
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verticillioides in vitro. 1t was dissolved in
ethanol as described by Galal and Abdou.
(1996). Aliquots (10" ml) of the tested
Solutions were added separately to 990
ml PDA medium. Petri-dishes (9 cm
diameter) containing PDA medium were
inoculated in the center with discs (5
mm) of . veriicillioides taken, from 7
days old culture and incubated at 27 C.
Three Petri-dishes were used for cach
tested concentration. Diameter of lincar
growth of each isolate was measured in
cm, when fungal growth flled up control
Petridishes. Percentage of reduction in
‘mycelial growth was calculated using the
following formula:

Growth reduction (%)= (A1-A2YA1x100

‘Where, Al= growth in untreated medium
‘growth in the treated

In vivo effect of
thiamine on Incldence of root-rot and

corble acld and

Wit discases of safflower: Two
concentrations (1 and 3 mM) of ascorbic
acid and thiamine were used 1o study
their effects on root-rot and wil diseases
of safflower under greenhouse conditions
(Experimental outdoor greenhouse al the
Faculty of Science, Assiut Uiversity
(Egyp) under natural field conditions of
femperature, _hum light, and
daynight regime) as the following
protocol: In 30 cm? diameter pots filled
with 4kg sterilized soil. Safflower seeds
were soaked for 12 hours Hussan et a.
(2006) in the tested concentrations of the
above mentioned chemical inducers and
some sceds soaked in water (control.
The soaked sceds were spread out in
thin layer and left to 24 hours in air

drying. Seven sceds were sown in,
pathogen-infested soil. Three pots were
used for cach treatment as. replicates.
Root-rot_and wilt diseases _incidence
were estimated at 30 and 90 days from

planting ~date, _ respectively. The
following formulae  were used to
determine the disease criteria.

Blochemical analysis: At 30 days of the
treatment fresh and dry weight of roots

and shools were recorded, Total
photosynthetic pigments content of
safflower  fresh  leaves  were

Spectrophotometrically determined by
using Unico UV-2100 spectrophotometer
according to  Lichlenthaler, ~(1987).
Soluble sugars content of safflower
leaves and roots were determined using
anthrone sulphuric acid method (Fales,
1951). Bates et al.. (1973) method was
used for determination of proline in roots
and shoots. Free amino acids were
determined according to the methods of
Moore and Stein, (1948). All the

ssriag s wers calculated as
mg/g

analyzed using ANOVA  (completely
randomized) to determine if significant
differences were present among means
Duncan’s multiple range tests  was
caried out to determine if mean
difference significant at P= 0,05 (SPSS-
1),

%
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saprophytic microorganisms during these
enrichment steps. Thus, the polymerase
chain reaction (PCR) fechniques are
easier, and the sensitivity 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 Crms
was based on a double-antibody
sandwich (DAS) ELISA and SYBR
Green real-time PCR assays, including 2
‘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:  Cn 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 _broeding
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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under dissecting microspore and mounted
in lactophenol cotton blue stain.
Standard literature was consulted for
identification of powdery mildew (Braun
& Cook, 2012; Paul & Thakur, 2006) and
mycoparasite (Belsare et al. 1980;
Hashioka & Nakai, 1980; Kiss, 1998).
An Olympus light ~microscope was.
used to examine fungal structures, and
a CH2 Olympus light microscope
equipped with a SONY DSC WX200
digial  camera  was  used  for
‘microphotographs. For current name of
powdery mildew fungus, MycoBank
(www.mycobank org) Species Fungorum
(www speciesfungorum.org)  websites.
were consulted.

Results

Identification of powdery  mildew:
Powdery mildew symptoms on leaves
and stem of E. irta were observed as
white mycelium. The whole infected
leaves were covered with white powdery
‘mass as disease progress to severity. An
increase i powdery mildew  discase
severity was observed with the decrease
of temperature during winter season.
Upon  detailed  morphological  and
‘microscopic examination it was revealed
that this fungus belongs lo genus
Podosphacra. _ Further  investigation
identified it as Podosphaera euphorbiae-
hirtae. The taxonomic descriptions and
illustraions of the discase are as follows:
Podosphaera  euphorbiae-hirtae (U.
Braun & Somani) U. Brawn & .
‘Takamatsu, Schlechtendalia 4: 28 (2000)
= Sphacrotheca euphorbiac-hirtae U.
Braun & Somani, Mycotaxon 25 (1): 263
(1986)= Odium euphorbiac-hirtac W. Y.
Yen 1966.

Mycelium on leaves, _amphigenous,
white, persistent, forming hyaline or pale
secondary  hyphae,  thick-walled;
conidiophores arising from the upper
surface of superficial hyphae, _erect,
cylindrical, foor-cells short, 17-27 x 7-
12 pm, following cells about as long as
the footcell or shorter, forming
catenescent_conidia; conidiacllipsoid-
doliiform, 22-44 % 13-19 um. with
fibrosin bodies, germ mubes + terminal,
less than 30 um long, apex with
somewhat  swollen _ (club-shaped)
‘appressorium (Figure | & 3). Type: on
Euphorbia hiria, India. Host range and
distribution: onEuphorbia_ pilulifera,
Euphorbiaceae; Asia (India).

Assessment of mycoparasitism:  As
powdery mildew disease attains severity,
the white powdery mildew mass on
infected leaves was tured to grayish at
first and then brownish dots observed.
Further mycological examinations under
stereomicroscope, these  brownish
Structures were identified as pyenidia
within powdery mildew hyphac and
conidiophores  which _ reflected its
mycoparasitic nature (Figure 1 & 2)
Crifical examinations revealed it a

mycparasite  belongs  to _fungus
Ampelomyces quisquali.  Detailed
description and  illusirations of the

Specimens are given here.

Ampelomyces quisqualis Ces. Botanische
Zeitung 10:301(1852). Hyphae of the
hyper-parasite were hyaline and septate;
they were present within the hyphae,
conidiophores, and conidia of infected
mildews.  Conidiogenous  cells
enteroblastic, phialidic, discrete, smooth,
byaline, 4555 pm wide, formed
directly from the pycnidial wall cells.
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Effect of certain  antagonists on
damping off disease Incldence under
field conditions: Data in Table (4)
clearly demonstrate that all antagonist
treatments significantly reduced discase
incidence and increased the percentage of
healthy plants compared to the control
reatment during the fwo growing seasons
2015 and 2016, Trichoderma harsiamum
Showed the highest efficacy (34.00 and
32.94%) followed by . viride (3214 and
30.00%) in conirolling _damping-off
during the two successive growing
seasons (2015 and 2016). respectively.
Onthe other hand, P_fluorescens showed
the lowest effcacy in controlling fennel
discase during the two  successive
growing scasons. being 1729 and
1632%, respectively in comparison to
control treatment. These results can be

explained in the light of data obiained by
Ahmed (2005) and Ahmed (2013) who
Stated that the efficacy of antagonists
depends on_their capacity to_compete
with other microorganisms which occupy
rhizosphere  area under different
environmental conditions, as well as,
direclly through the _production of
phytohormones. The light effect of
Trichoderma spp. in agriculture can
provide numerous advaniages such as
colonization of the roof and rhizosphere
of the plant, conirol of the plant
pathogens by different mechanisms such
as parasitism, antibiosis production and
inducing  systemic  résistance,
improvement of the plant health by
promote plant growth and stimulation of
root growth (Harman, 2006; Harman et
al.,2004),

- ne s
o ARC (Bmcgacam) 90 31 19

Effect of certaln_ antagonists on oll
components under flcld  conditions:
Data obtained from these analysis arc
presented in Table (5) beside data
previously mentioned about effect of
these bioagents on damping-off just to

correlate and understand the role of these
bicagents in changes may be occurred in
ol fennel seed components and
reflection of these changes on degree of
resistance or increase in yield. Data in
Table (5) show that T harziamm was
the highest effective treatment led to the
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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

2
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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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Results and Discussion

Effect of two chemical resistance
Inducers on lincar growth of Fusarium
verticllioides in vitro: Lincar growth of

F. vertcillioides  was  significantly
reduced  at most of the fested
concentrations  (Table 1), Increasing

concentration of the tested chemicals,
generally increased the percentage of
reduction in fungal growth. The highest
reduction  in linear growth was.
pronounced by oxalic acid and riboflavin
at all concentrations, while ascorbic acid
and thiamine gave the least reduction at
all concentration especially
concentrations of 1 and 3 mM (495%
‘and 6.00%), respectively. Also, mycelial
growth and spore germination of F.
verticllioides was influenced and much
reduced by antioxidant compounds. in
ascorbic acid and thiamine. According o
the obained results, 1 and 3 mM
concentration of ascorbic and thiamine
vitamins were chosen for testing the
possibility of induced resistance in
safflower diseases. These results agree
with  Abd-El-Kareem, (2007) who
founded that these compounds have no
direct anfimicrobial activity against many
fungal and bacterial pathogens and also,
agree with El-Ganaieny ot al, (2002).
Hoda Ahmed, (2008) who worked on
Fusarium  diseases on onion  and

Merophomina.phaseolina onsesame,
respectively.

Effect of ascorbic acid and thiamine on
Incldence of root-rot and wilt discases
of safflower: Soaking safflower sceds
(either in | mM or 3 mM of thiamine and
ascorbic acid) greally reduced the
numbers of infected plants. Our results
showed that thiamine was more effective
than ascorbic acid in stimulation of plant
to resistance of fungus compared to
infected control (Table 2). Thiamine
containing  several - mechanisms that
‘mediate the discase protection induced
by different chemicals has been
demonstrated,  including blocking of
discase cycle and the dircct inhibition of
pathogen growth (Thompson e al.
2000). Also thiamine confers systemic
‘acquired resistance (SAR) on susceptible
plants through priming, leading to rapid
counterattack against pathogen invasion
and perturbation of disease progress
(Abn et al., 2005). Arafa et al., (2009)
found that under greenhouse conditions,
Soaked sorghum grains in ascorbic acid
before sowing increased germination
percentage compared to control. The role
of ascorbic acid and thiamine against
certain plant pathogens was  widely
demonstrated by Ahn et al, (2005), Aria
‘and Mohammad, (2008), Khan, (2010),
Hamama and Mumiati, (2010) and
Abdel-Monaim, (2011).

bl 1 Effct ofvarioschmicl e e o s ot of Fusarim el v
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tubers of cach cultivar harvested from the
greenhouse, 118% of potato plants
grown in the greenhouse, 6.0% in plans
grown in the netting house and 4.0% in
danghter tubers harvested from  the
netting house (Figure 2). For breeding
‘materials, Cms was found in 21.2% of
reenhouse plants, 16.2% of greenhouse
tubers, 7.7% of netting house plants and
5.1% of natting house tubers (Figure 3).
In 2015, the order of the infected potato
cultivars and breeding materials differed
slightly, but in total the Cms positive
percentages were much higher in the new.
brocding materials. The highest positive
detection rate of 21.2 % per cultivar was
detected in plant extracts of broeding

‘materials grown in the greenhouse. The
Spearman’s rank coefficient p = 0.32 (p
= 005), indicating that moderate
interactions  among the _individual
cultivars” anmual results at the second
control stage (Figure 2). Generally, over
the two years, no significant symptoms
of wilting on potato plans were observed
in the greenhouse and netting house
More Cms positive samples were
detected in the greenhouse: 15% per
polato material for plant_extracts and
13.8% for tuber extracts. In the netting
house the average positive detection rate
over the two years reached 5.2% for
plants per potato material and 7.0% for
tubers per potato material (Table 3).

.
T p——

Figurs 3 vl o the Cloibcirmichiganess s, sepedonicas (Cos) resoce e s snd s comil
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‘The detection rates in the second control
Stage differed from those of the first stage
regardiess of the type of potato material
(Figures 2 and 3). Only for three

brecding materials (B 1572, E §/1 and
K703) planted under  greenhouse
conditions was the percentage of positive
samples greater than that of the visual

El
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same as that of the negative controls
(Ausen = 02). All of the 35 saprophytic
bacterts solated from potto plants and
tuber extracts produced negaive results,
absorbance values ranged between 0.1
(blank) and 0.2 (negative and commercial
negative controls) for 10° cfu mL'
concentrations and 1:1 dilutions (Table
2). For the real-time PCR assays, the
positve ¢, values were set as ¢, = 25 and
= 30 or lss for the PSA IR and Celd
FR Cns primer sets, respectively, to
determine the presence of Cms at 10°-10°
cfumL" (20-2.5 ng uL” of DNA). Ata
Cms concentration > 10" cfu mL". the
PCR products” ta = 85,5 % 0.1°C for the
PSA primer set and 86.5 £ 0.1°C for the
et primer set, respectively. At lower
Cms concentrtions (< 10° cfu mL"), <,
values ofien differed between replicaes,
and the t values of the PCR products
became lower, the meliing curves for
Cms - concentrations < 10° cfu mL"

became similar to those of the negative

controls. When using  Crms-specific
primers, the c, values for the saprophytic
bacteria ranged from 27.5 (Pscudomonas
cormugata at 1:1 dilution) to 37.3
(Ochrobactrum grignonense at 10° cfu
mL") for the PSA primer set, and from
281 (Rhizobium rhizogenens at 10° cfu
mL) to 37.1 (0. grignonense at 10° cfu
mL") for the Celd primer set (Table 2)
According to the melting point analysis
of the PCR products, the main peaks had
significantly different positions at S8°C—
78°C. The threshold for biological fests
on aubergine planis was st at a Cms
concentration of 10°cfu mL" (Figure 1)
At a Cms concentration of 10° cfu mL",
wilting symptoms and the ability to re-
isolate the pathogen diffred between
replicates. At a 10" cfu mL! dilution, no
wilting symptoms were observed and re-
isolation was completely unsuccessful,
None of the saprophytic bacteria, when
injected, caused wilting symptoms in
aubergines (Table 2)
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troduction

Mycoparasitism s defined as the
association of two fungi where one acts
as parasite over the other. This term
along with mycoparasite was introduced
by Butler (1957) to elucidate the complex.
interrelationships between 2 fungal host
and parasite. Mycoparasites can be of
balanced _(biotropic) and _destructive
(necrotropic) type, based on the modes of
host-  parasite  interactions (Banett &
Binder, 1973). Biotrophic mycoparasites
are mainly havstorial in nature- which
cause litle damage o their hosts and
remain_active as long as the host is
active. Whereas, necrotropic parasites are
extremely  destructive o other fungi
They often spread rapidly. completely
surrounding and covering their hosls in a
fow hours or days (leffrics, 1995).
Ampelomyces quisqualis is a naturally
occurring _mycoparasite of powdery
mildews. It is an anamorphic fungus
parasific to both sexual and asexual
structures of powdery mildew pathogens.
This parasite reduces growth and may
eventually kil the mildew pathogen. It
colonizes a large area of the target site.
competes for the plant substrates and
nutrients thereby causes the killing of
pathogens due to starvation. Being a
hyper parasite, it penetrates the pathogen
and infects it by forming pycnidia within
powdery mildew hyphae, conidiophores.
and cleistothecia (Kiss, 2008; Kiss et al.,
2004). In October 2015, a powdery
mildew infection was observed on
Euphorbia hirta during the ~ routine.
‘mycological survey in district Mandi, the
central _region of Himachal Pradesh,
India. During the course of microscopic
examinations, infection was found mixed
with another unknown fungus. The

detailed  examination revealed  the
‘mycoparasitic nature of this unknown
fungus. The present study was therefore,
carried out to study morphology and
taxonomy of the ~powdery mildew
disease and its mycoparasitic associate,
collected on the plant E. hirta from
Himachal Pradesh, India.

The aerial parts of E hirta showing
powdery mildew symploms  were
collected in the course of a mycological
survey from district Mandi of Himachal
Pradesh. These infected leaves were
dried between sheets of blotting paper
and preserved for further studics. Host
plants were identified and confirmed by
‘matching the collections with herbarium
and by consulting Botanisis. The
specimen was_deposited ai Abhilashi
University (AU), Mandi, Himachal
Pradesh, India for further reference. The
infected leaves were examined primarily
with a handlens and then with 2
dissecting microscope for the presence of
mildew symptoms. Fungal structures
present on the fresh leaves were removed
using a sirip of adhesive tape and
examined by light microscopy with 3%
potassium _hydroxide as  mounting
‘medium. Microscopic observations were
carried out to study the characteristics of
‘mycelia, appressoria, size and shape of
conidia, conidiophores and
chasmothecia. The mycoparasite was
observed  with the help of a
Stercomicroscope and detected by the
presence of  brownish  intercellular
pyenidia in the white powdery mildew
‘mycelia. These brown coloured pyenidia
were picked up with the help of a needle

&
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same as that of the negative controls
(Ausen = 02). All of the 35 saprophytic
bacterts solated from potto plants and
tuber extracts produced negaive results,
absorbance values ranged between 0.1
(blank) and 0.2 (negative and commercial
negative controls) for 10° cfu mL'
concentrations and 1:1 dilutions (Table
2). For the real-time PCR assays, the
positve ¢, values were set as ¢, = 25 and
= 30 or lss for the PSA IR and Celd
FR Cns primer sets, respectively, to
determine the presence of Cms at 10°-10°
cfumL" (20-2.5 ng uL” of DNA). Ata
Cms concentration > 10" cfu mL". the
PCR products” ta = 85,5 % 0.1°C for the
PSA primer set and 86.5 £ 0.1°C for the
et primer set, respectively. At lower
Cms concentrtions (< 10° cfu mL"), <,
values ofien differed between replicaes,
and the t values of the PCR products
became lower, the meliing curves for
Cms - concentrations < 10° cfu mL"

became similar to those of the negative

controls. When using  Crms-specific
primers, the c, values for the saprophytic
bacteria ranged from 27.5 (Pscudomonas
cormugata at 1:1 dilution) to 37.3
(Ochrobactrum grignonense at 10° cfu
mL") for the PSA primer set, and from
281 (Rhizobium rhizogenens at 10° cfu
mL) to 37.1 (0. grignonense at 10° cfu
mL") for the Celd primer set (Table 2)
According to the melting point analysis
of the PCR products, the main peaks had
significantly different positions at S8°C—
78°C. The threshold for biological fests
on aubergine planis was st at a Cms
concentration of 10°cfu mL" (Figure 1)
At a Cms concentration of 10° cfu mL",
wilting symptoms and the ability to re-
isolate the pathogen diffred between
replicates. At a 10" cfu mL! dilution, no
wilting symptoms were observed and re-
isolation was completely unsuccessful,
None of the saprophytic bacteria, when
injected, caused wilting symptoms in
aubergines (Table 2)
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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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highest amount of oil _components
compared with control treatmen during
the two successive growing seasons
(2015 and 2016), respectively. On_the
Contrary, P fluorescens show the least
effectivetreatment led o the least
content in yield component rather than
control reatment. No clear trend can be
deduced when tratments with. slight
differences in_ efficacy correlated with

any of used oil component analysis under
test. These results are in harmony with
those oblained by Gebily. (2015). This
due o that poassium clement is
responsible for oil formation. Protecting
femnel root system by adding different
antagonists, this lead to improve
potassium  absorbing _ consequently
increase percentage of oil (Mahfouz &
SharafEldin, 2007).
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Effect of ascorblc acld and Thiamine
applications on growth of Infected
safflower cultivar under greenhouse
conditions: Data of figure | indicate that
shoot fresh weight of safflower reduced
by treatment of soil by Fusarium
compared with healthy plants. It is
noticed that treatment with ascorbic acid
and thiamine, increased significantly the
shoo fresh weight but in roots slightly
increase was reported comparing with the
control (fungal treatment) planis The data
in figure 2 indicate that dry weight of
shoot and root of safflower have a
negatively response to infction of soil
with Fusarium (root ot and will
diseases). Soaking of safflower seeds in
two levels of thiamine and ascorbic acid
causes a significant increase in shoot and
root dry weight of safflower except at
3mM ascorbic acid. This is results are in
agreement  with other  investigators
findings  as  Abdel-Monaim (2011).
Spletzer and Enyedi, (1999) and Hamada
‘and Hashem, (2003). Al-Hakimi et al.
(2007) proved that soaking of broad bean
Sceds in thiamine or salicylic acid did not
only alleviate the  inhibitory cffects of
fungal infoction but also were of
stimulatory effects. Data in figure 3
indicate that Fusarium _infection to
safflower plant caused reduction in total

Pacensge o nfced ps

pigments comparing with the healthy

plants (sbsolute control) data not shown.
However treatments of infected plants
with ascorbic acid (ImM) and thiamine
concentrations (1.3mM)  induced
Significant_stimulating offect on total
pigments Fig 3. These results agree with
Farouk ct al 2008, who indicated that
application of either thiamine, chitosan
or humic acid significantly  increased
photosynthetic ~pigments

activated the synthesis of carotenoids
which protect chlorophyll content. Also
other results proved these results in
tomato plants by Zodspe et al, (2011).
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assessment (Figure 3). The Spearman’s
rank coefficient p = 02 (p = 0.05)
indicated moderate inferactions between
the first and the second stage evaluations.
of the individual potato materials. The
resulting detection rates of the assays
used in the second control stage, in
decreasing order, were the real-time PCR
assay with the PSAR primer set, the
real-time PCR assay with the Celd FIR
primer sel, the bioassay and the DAS
ELISA. The last two were nearly the
same. Results from the PCR primer sets
differed for approximately 3% extracts
over the two years. In the third control
stage, the presence of s in vascular
vessels of all of the polato materials
transfarred and subsequently grown from
in vitro tissue cultures were evaluated
using the same diagnostic methods. The

assays were performed under the same
conditions as in the second stage. Al of
the potato materals were determined to
be negative for the presence of Cons in
2014 and 2015. Several values oblained
from the real-time PCR analysis using
the PSAUR primer set reached the ¢, and
 detection threshold levels but were not
confirmed by a positive bioassay. The
resulting detection rates after two years
using the three-stagecontrol process
were, in decreasing order, mother tubers,
polato_plants, daughter tubers, and
vitro plants. According to the resuls of
the visual assessmen, DAS ELISA, real-
time PCR and bioassay, 38.2%, 15.5%
and 0% of potato materials were positive
for the presence of the Cons pathogen in
th first, second, and third contrl sages,
respectively.
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Evaluation of seed coating with certain bio-agents
‘against damping-off and root rot diseases of fennel
under organic farming system
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