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Effect of the endophytic plant growth promoting
Enterobacter ludwigii EB4B on tomato growth

M.E.A. Bendaha"?* and H.A. Belaouni®

Summary This study aims to develop a biocontrol agent against Fusarium oxysporum f.sp. radicis-lyco-
persici (FORL) in tomato. For this, a set of 23 bacterial endophytic isolates has been screened for their
ability to inhibit in vitro the growth of FORL using the dual plate assay. Three isolates with the most
sound antagonistic activity to FORL have been qualitatively screened for siderophore production,
phosphates solubilization and indolic acetic acid (IAA) synthesis as growth promotion traits. Antag-
onistic values of the three candidates against FORL were respectively: 51.51 % (EB4B), 51.18 % (EB22K)
and 41.40 % (EB2A). Based on 165 rRNA gene sequence analysis, the isolates EB4B and EB22K were
closely related to Enterobacter ludwigii EN-119, while the strain EB2A has been assigned to Leclercia
adecarboxylata NBRC 102595. The promotion of tomato growth has been assessed in vitro using the
strains EB2A, EB4B and EB22K in presence of the phytopathogen FORL. The treatments with the select-
ed isolates increased significantly the root length and dry weight. Best results were observed in isolate
EB4B in terms of growth promotion in the absence of FORL, improving 326.60 % of the root length and
142.70 % of plant dry weight if compared with untreated controls. In the presence of FORL, the strain
EB4B improved both root length (180.81 %) and plant dry weight (202.15 %). These results encourage
further characterization of the observed beneficial effect of Enterobacter sp. EB4B for a possible use as

biofertilizer and biocontrol agent against FORL.

Additional keywords: Biocontrol, biofertilizer, Enterobacter ludwigii, PGPR

Introduction

The rhizospheric zone is rich in nutrients
compared with the neighboring bulk soil
due to the accumulation of a variety of or-
ganic compounds released by the roots
through exudation, secretion and rhizode-
position. These organic compounds can be
used as carbon and energy sources by mi-
croorganisms and microbial activity is par-
ticularly intense in the rhizosphere (Chau-
han et al., 2015).

An alternative to increasing agricultur-
al productivity in a sustainable way is the
manipulation of micro-organisms that ben-
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efit the soil and plant health (Kloepper et
al., 1989). For decades, rhizobacteria bene-
ficial to plants are often referred to as plant
growth promoting rhizobacteria (PGPR),
which are characterized by at least two of
the three following criteria: competitive-
ly root colonization, stimulation of growth
and reduction of disease incidence (Reddy,
2013). Microbial-inoculants are being wide-
ly used to improve plant growth under con-
trolled as well as natural field conditions
(Nadeem etal., 2013).

Inoculants of PGPR bacteria improve
root development through the production
of certain phytohormones (Bloemberg and
Lugtenberg, 2001), such as auxins including
indole acetic acid (AlA), cytokinins and gib-
berellins (Vessey, 2003). Furthermore, many
bacterial strains are able to improve the
health of plants by limiting the saprophyt-
ic growth of phytopathogenic microorgan-
isms, and some of them are used as biologi-
cal control agents in agriculture (Bloemberg
and Lugtenberg, 2001; Whipps, 2001). The
great diversity of the mechanisms of action
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of these microorganisms is mainly related to
their great ability to produce a wide range
of secondary metabolites and to induce ISR
in the host, making it less susceptible to sub-
sequent infection by a pathogen (Van Loon,
2007; Weller et al., 2002).

PGPR include several bacterial endo-
phytes with alleged positive effects on plant
health and growth, which have been pur-
sued mainly for agricultural applications to
increase yields since three decades ago (Pic-
coli and Bottini, 2013). Endophytic bacterial
strains selected on the basis of plant growth-
promoting bacteria (PGPB) characteristics are
useful for formulation of inoculants to im-
prove growth and yield (Forchetti et al., 2010).
Plant growth-promoting bacterial endo-
phytes have been successfully used to induce
fungal resistance in plants (Ji et al., 2014), and
they are widely used in the developing areas
of forest regeneration and phytoremediation
of contaminated soils (Ryan et al., 2008).

PGPR modify the rhizospheric envi-
ronment by producing antagonistic mole-
cules with antibiotic or antifungal proper-
ties, or by synthesizing cell walls degrading
enzymes and volatile organic compounds
(VOC), which act against pathogens, disrupt-
ing bacterial cell-cell communication (quo-
rum sensing) (Grobelak et al., 2015). In addi-
tion, many of these rhizobacterial strains can
also improve plant tolerance against salinity,
drought, flooding and heavy metal toxicity.
Therefore, they enable plants to survive un-
der unfavorable environmental conditions
(Ma et al., 2011). Numerous works have re-
ported beneficial effects of these rhizobac-
teria for improving plant growth under nor-
mal as well as stressful environment (Szepesi
etal., 2009; Heidari and Golpayegani, 2012).

PGPR can additionally help plants by in-
creasing their uptake of nutrient elements
such as Phosphate (P). The low availabili-
ty of this macronutrient to plants results
from the fact that the P exists in insoluble
forms (Kisiel and Kepczynska, 2016). Micro-
bial phosphate solubilization is likely to be
involved in a better plant growth, yield and
nutrient uptake. Thus such trait is consid-
ered as a prospective tool for development
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of biofertilizers (Dey et al., 2004).

Siderophores are low molecular weight
peptides or iron chelators (Santos-Villalo-
bos et al., 2012). As soon as the complex si-
derophore-iron enters the cytosol the cells
through specific siderophore receptors pres-
ent in the cell membrane, the ferric iron gets
reduced to a ferrous form which becomes
free from the siderophore chelator complex.
The released ferrous iron form is further used
for metabolic processes (Venkat et al., 2017).

IAA is a secondary metabolite produced
during the later stages of growth, after the
stationary growth phase (Gupta et al., 2012),
a phytohormone controlling many impor-
tant physiological processes in plants such
as cell division, tissue differentiation and
root initiation (Khan et al., 2014).

Tomato, Solanum lycopersicum L. (Solan-
aceae) has been considered as one of the
most important horticultural crop world-
wide (Vos et al., 2014). However, tomato pro-
duction has shown limitations arising from
the use of cultivars susceptible to diseas-
es and pests causing substantial produc-
tion losses (Dias et al., 2017). Use of biolog-
ical control agents, such as plant growth
promoting rhizobacteria, can be a suitable
approach in control of tomato diseases
(Schmidt et al., 2004).

The main purpose of this study was to
evaluate a) the antagonistic and potential
biocontrol activities of the endophytic bac-
teria isolated from tomato roots against Fu-
sarium oxysporum f.sp. radicis-lycopersici
(FORL), and b) their growth promoting abili-
ty in tomato at in vivo conditions.

Materials and methods

Isolation of endophytic bacterial strains

Bacterial strains were isolated from toma-
to roots of different hybrid varieties from Al-
gerian soil (Algiers locality). The roots were
washed and dried aseptically. Root sam-
ples were surface-disinfected to remove ep-
iphytes, using 95% ethanol for 30 seconds,
followed by a 10% sodium hypochlorite
treatment for 2 min and then 75% ethanol for
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2 min. The root pieces were then rinsed three
times with sterile distilled water to remove
traces of disinfectant (Evans et al., 2003; Ru-
bini et al., 2005). In a sterile mortar, the root
pieces were crushed with sterile distilled wa-
ter, to obtain a ground product including ex-
tracted bacterial cells. The enrichment was
carried out by placing 1 g of the extract in
9 ml of nutrient broth. The culture was con-
ducted at 30°C for 24 h, aiming to increase
the initial biomass in order to recover a max-
imum bacterial charge (Bashan et al., 1993).
0.1 ml from each enrichment tube served to
the isolation on nutrient agar at 30°C for 24 h.
Once pure single colonies obtained, the con-
servation was achieved in glycerol at - 20°C.

Antagonistic activity of endophythic
bacterial isolates against FORL

The test of the antifungal activity of the
endophytic bacterial isolates against FORL
was carried out on PDA medium using the
dual culture technique described by Lee et
al. (2010). A 6 mm fragment of FORL aged
of 7 days was removed and deposited in
the center of a new Petri dish containing
the PDA medium and the bacterial suspen-
sions were adjusted to 0.5 Mac Farland (pre-
pared in nutrient broth). Then 5 ul of each
tested bacterial suspension was placed at 1
cm from the edge of the same Petri dish. The
experimental units were incubated at 25°C
for 5 to 7 days. Control units included only
the fungus without the tested bacteria. Each
test was replicated three times. The inhibi-
tion rate was calculated as follows:

Inhibition rate (%) = XY 100
X
Where:

X: Diameter of mycelium control (mm).

Y: Diameter of the mycelium in the presence
of the bacterium (measured on the axis “fun-
gus-bacterial colony” (mm).

Identification of endophytic bacterial

isolates using 16S rRNA gene analysis
Total bacterial DNA was extracted ac-

cording to the method of Liu et al. (2000).

16S rRNA gene fragments were amplified
by PCR using an Invitrogen kit. Primers were
as follows: 10-30 forward: 5-GAG TTT GAT
CCT GGC TCA-3’ and 1500 reverse: 5-AGA
AAG GAG GTG CAG ATC CC-3". 5 pl of 10 x
PCR buffer (Mg*), 8 ul of deoxynucleotide
triphos-phate (200 mM of each dNTP), 100
pM of each primer, 2 pl of template DNA so-
lution and 0.8 pl of Tag enzyme (5 U/pl). DNA
fragments were recovered and purified. Se-
quence determination was performed by
Beckman Coulter Genomics (United King-
dom). After 16S rRNA gene sequencing,
identification of phylogenetic neighbors
was done using BLASTN program against
databases containing type strains located
at the EzBioCloud database (https://www.
ezbiocloud.net/). Neighbor-joining method
under MEGA6.0 package was used for the
construction of phylogenetic trees. The 16S
rRNA gene sequences were submitted to
the NCBI GenBank database.

Screening endophytic bacterial isolates
for growth promotion traits

Phosphate solubilization

Each bacterial isolate was inoculated in
Pikovskaya agar containing: 10 g glucose, 5 g
tribasic calcium phosphate (CasHO4;P;), 0.5 g
(NH4)250,, 0.2 g KCl, 0.1 g MgSO47H,0, trace
of MnSO, and FeSO,, 0.5 g yeast extract, and
15 g agar, in 1000 ml distilled water (Pikovs-
kaya, 1948.). After 7 days of incubation, the
presence of clear halos around bacterial col-
ony was used to indicate positive Phosphate
(P) solubilizing strains (Husen, 2003).

Indole-3-acetic acid production (IAA)
Bacterial strains were inoculated into
nutrient broth containing: 5 g peptone, 1.5
g yeast extract, 1.5 g beef extract, and 5 g
NaCl, in 1000 ml distilled water supplement-
ed with L-tryptophan (500 mg/L) and incu-
bated at 30°C for 5 days. The supernatant of
the stationary phase culture was obtained
by centrifugation at 10000 rpm for 15 min
(Bric et al., 1991). An aliquot of 2 ml superna-
tant was transferred to a fresh tube to which
5 ml of Salkowski’s reagent (1 ml of 0.5 M Fe-
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Cl; in 50 ml of 35% HCIO,) were added. Af-
ter 25 min at room temperature, the absor-
bance of pink color developed was read at
530 nm. Varied amounts of pure indole-3-
acitic acid were used as standard (Costacur-
taetal., 2006).

Siderophore production

All bacterial isolates were qualitatively
screened for siderophore production by in-
oculation onto a Chrome Azurol Sulphonate
(CAS) agar plate and incubation for 24 h at
28°C(Schwynand Neilands, 1987). The change
of the medium color from bluish to yellowish-
orange after incubation indicates the pres-
ence of siderophores (Dias et al., 2017).

Impact of endophytic bacterial isolates
on tomato plant growth

Seed treatments

Seeds of tomato (Isi Sementi S.p.A., Fi-
denza «Parma» ltaly) were surface steril-
ized by soaking in 70% ethanol for 1 min
followed by immersion in sodium hypochlo-
rite (1%) solution for 10 min and rinsing at
least five times with sterile distilled water.
The seeds were germinated on sterilized fil-
ter paper sheets in the Petri dish (Piromyou
etal., 2011). Each seed batch was inoculated
with one of the selected isolates, using a sus-
pension adjusted to 108 CFU/ml to evaluate
their ability to modulate the plant response
favorably (Piromyou et al., 2011).The bacteri-
al treatment of the seeds was carried out un-
der aseptic conditions by putting each batch
of 22 seeds sterilized in the bacterial suspen-
sion for two different incubation periods (30
min and 60 min). The seeds of the “negative
control” batches were inoculated with ster-
ilized 0.85% NaCl solution and sown direct-
ly without bacterial treatment (Fallahzadeh-
Mamaghani et al., 2009; Lee et al., 2010). The
fungal suspension was made from fresh cul-
tures of FORL, with a spore concentration of
105 conidia/ml (El Aoufir, 2001). The seeds
were infested with FORL after the bacterial
treatment, by immersing the batches in box-
es filled with fungal suspension for a dura-
tion of 1 hour, then they have been recov-

© Benaki Phytopathological Institute

ered for sowing (Johansson et al., 2003).

Pot experiments

Pot experiments were conducted from
March 2017 to April 2017. Tomato seeds
which had undergone both bacterial and
infestation treatment were sown in pots
filled with a mixture of potting soil and sand
(v/v) (approximately 100 g per pot) (Lee et
al., 2010), Twenty two seeds per strain were
used in four replicates. Pot plants were
sprayed with distilled water using a spray
gun and incubated at room temperature (20
to 25°C) and photoperiod 9:15 hours L:D. Af-
ter 31 days of culture, the evaluation of the
impact of fungal and bacterial treatment on
the plant growth was made by measuring
the length of the stem and main root, and
the dry weight of each treated batch.

Statistical analysis

ANOVA with Duncan’s multiple range
test was used to detect significant differenc-
es of the experimental data using XLSTAT
software, version 2014.3.01 (Adinosoft).

Results and discussion

Selection of antagonistic bacteria

The Dual Plate Assay revealed the pres-
ence of isolates capable of inhibition or re-
striction of the growth of FORL. The inhi-
bition rates obtained were: EB4B (51.51%),
EB22K (51.18%) and EB2A (41.40%) (Fig. 1), in-
dicating that the strains possess significant
antagonistic effect towards the pathogen.
A relatively broader inhibition zone involves
the synthesis of relatively potent antibiotics
(Kadir, 2008). Lee et al. (2010) were able to
isolate bacterial strains which were consid-
ered to have good antifungal potential with
inhibition rates ranging from 0 to 45%. Mi-
kani et al. (2007) results in the Pseudomonas
fluorescens antagonism tests showed an in-
hibition of mycelial growth with an average
of 59.8% for the best performing strain. Bac-
teria can produce many antifungal metabo-
lites (Weller et al., 2007) such as phenazines,
pyoluteorin, pyrrolnitrin, DAPG (2,4-diacetyl
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Figure 1. Dual Plate Assay against Fusarium oxysporum f.sp.
Radicis lycopersici. Inhibition rate (%) caused by Leclercia ad-
ecarboxylata (EB2A), Enterobacter ludwigii (EB4B) and Enter-
obacter ludwigii (EB22K) isolates. Data are presented as means
+SE. ANOVA with Duncan’s multiple range test was used to
detect significant differences. Bars with different letters with-
in the parameter indicate significant differences at P < 0.05.

phloroglucinol) and siderophores (pyover-
dines or pseudobactins) which are the most
frequently detected antifungals (Haas and
Défago, 2005; Lemanceau et al., 2009).

Identification of selected PGPRs

The 16S rRNA gene sequences of the
three bacterial strains reported in this pa-
per are deposited in NCBI with the GenBank,
with the following accession numbers: EB2A
(MF693122), EB4B (MF693530) and EB22K
(MF706259). Based on 16S rRNA gene se-
quence analysis, the isolates EB4B and EB22K
were closely related to Enterobacter ludwigii
EN-119 with an homology of 99.28% and
98.69%, respectively (Fig. 2).According to
16S rRNA sequence, the strain EB2A showed
close proximity with Leclercia adecarboxyla-
ta NBRC 102595 (99.71%) (Fig. 2).

Non plant pathogenic endophytic bac-
teria can promote plant growth, improve
nitrogen nutrition, and in some cases, are
human pathogens such as enteric bacteria
(Tyler and Triplett, 2008). PGPRs in different
field crops are considered as human oppor-
tunistic pathogens (Dutta and Thakur, 2017).
The third group of microorganisms that can
be found in the rhizosphere are true and

opportunistic human pathogenic bacteria,
which can be carried on or in plant tissue
and may enhance plant growth and health,
in particular the Enterobacteriaceae that can
invade the root tissue (Mendes et al., 2013).
All strains isolated in this study should be
further analysed using multi locus analysis
to further species clarification. Thus, we can
have a safer view of whether they are actual-
ly potential human pathogens or not.

Growth promotion traits of selected PG-
PRs

Bacterial isolates EB2A, EB4B and EB22K
showed a distinct zone with the appearance
of orange color indicating the production of
siderophore which is beneficial to plants, via
potential increase of iron availability. All iso-
lated strains were able to solubilize the trical-
cium P, resulting in large clear/halo zones.

Indolic acetic acid production was not
remarkably different in the three bacteri-
al strains (EB2A = 140 = 0.10 pug/mL, EB4B
=152 + 0.44 pg/mL and EB22K = 155 + 0.78
pg/mL). Various plant growth promoting En-
terobacter spp. such as Enterobacter ludwigii
have been applied for plant development
(Shoebitz et al., 2009; Madhaiyan et al., 2010;
Kapoor et al., 2017). Shoebitz et al. (2009)
and Gopalakrishnan et al. (2012) have also
reported the exhibition of nitrogenase ac-
tivity, phosphate solubilisation, IAA produc-
tion and antifungal activity by a E. ludwigii
strain. Previous reports had described some
Leclercia adecarboxylata as efficient PGPR
(Naveed et al., 2014; Melo et al., 2016; Kisiel
and Kepczynska, 2016). Naveed et al. (2014)
reported that inoculation with Leclercia ad-
ecarboxylata showed statistically significant
greater biomass than the controls under en-
vironmental chamber conditions.

Siderophores production has been
shown (CAS positive reaction), highlighting
the potential of the strains belonging to En-
terobacter genus to produce such secondary
metabolites. Plants are known to use vari-
ous bacterial siderophores as an iron source
(Martinez-Viveros et al., 2010).

All three strains were capable of sol-
ubilizing the insoluble tricalcium phos-

© Benaki Phytopathological Institute



Endophytic Enterobacter ludwigii isolate on tomato 59

76

E Enterobacter asburiae JCM 6051

Enterobacter cancerogenus LMG 2693

Enterobacter bugandensis EB-247

Enterobacter hormaechei subsp. oharae DSM 16687

Enterobacter hormaechei subsp. hormaechei ATCC 49162

17 Erwinia aphidicola DSM 19347

n

Enterobacter tabaci YIM Hb-3

Entercbacter mori LMG 25706

Enterobacter ludwigii EN-119
49 Enterobacter ludwigii EB4B
{ 52 Enterobacter ludwigii EB22K

4(—— Leclercia adecarboxylata EB2A
>4 Leclercia adecarboxylata NBRC 102595

21 Enterobacter muelleri IM-458

20

—_—
0.001

[ Enterobacter cloacae subsp. dissolvens LMG 2683
ool

Enterobacter cloacae subsp. cloacae ATCC 13047

Figure 2. Phylogenetic analysis of Leclercia adecarboxylata (EB2A), Enterobacter ludwigii (EB4B) and Enterobacter ludwigii
(EB22K) based on 165 rRNA gene sequencing. Neighbor joining tree was created using MEGA 6 (1000 bootstrap replicates)

with a scale of 0.001 substitutions per nucleotide position.

phate (CasHO:;P;). Phosphate (P)-solubiliz-
ing bacter ia can exert a positive effect on
tomato growth, increasing the phosphorus
status (Van Veen et al., 1997) and significant-
ly enhance photochemical activity accom-
panied by an increase of chlorophyll con-
tent in plants (Liu et al., 2017).

Production of siderophores (Loaces et
al, 2011), solubilization of mineral phos-
phates (Ahemad et al., 2008), and synthesis
of indolic acetic acid (IAA) (Khan et al., 2014)
have beneficial effects on plant growth and
are considered as frequent characteristics of
PGPR (Gupta et al., 2012).

Effect of PGPRs on root size and plant
biomass

The analysis of root length and dry
weight after 31 days of culture showed that
a period of 30 min of bacterization led to
significantly better results than those with
60 min and revealed that inoculation of the
PGPRs resulted in a significant increase in
the biomass compared to the uninoculat-
ed controls. Inoculation with the strain EB4B
significantly increased the root length com-
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pared to non-inoculated tomato seeds. The
root length measurements showed a major
increase of 326.60% for EB4B and 144.33%
for EB22K (Fig. 3a) compared to control
batches. The non-treated plants resulted in
lower dry weight (Fig. 4a), while the treated
exhibited an increase of 142.70% for EB4B
and 79.94% for EB22K. After 31 days of cul-
tivation, the plants of the “Control +” batch
(Seeds in presence of the pathogen) experi-
enced a low development compared to the
“Control -" batch, which demonstrates the
virulence of FORL and its incidence on to-
mato plants growth.

Treatment of tomato seeds with the en-
dophytic strains in the presence of FORL re-
sulted in significantly higher length of roots
and plant dry weight compared to con-
trol, implying an increase of 180.81% for
EB4B batch (Fig. 3b) whilst the average dry
weight was enhanced by 202.15% for the
same treatment (Fig. 4b). Thus, a significant-
ly strong protective potential against FORL
is indicated.

Overall, the strains exerted a particu-
larly positive effect on the root system de-
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velopment by increasing in vivo root elon-
gation and plant biomass (dry weight). The
effect depended on the exposure time of
the seeds to the inocula. A longer exposure
(after 60 min of contact) produced a nega-
tive effect on root elongation and plant de-
velopment, while a low bacterial concentra-
tion (after 30 min of contact) increased the
root elongation and plant biomass. Kisiel
and Kepczynska (2016) also reported that a
higher density of the inoculum produced a
negative effect on root elongation.
Theincrease in crop yield due to a bacte-
rial culture results from two main beneficial
effects: the stimulation of plant growth and
the protection of plants against soilborne
diseases. PGPR treatments are known to in-
crease the percentage of germination, seed-
ling vigor, emergence, root and stem devel-
opment, total plant biomass, seed weight,

E30min

060 min

Length of root (cm)
o o= W P ] o N e WO (=]

Control - EB2A EB4B EB22K

early flowering, and vyields of fruits and
seeds (Ramamoorthy et al., 2001). The col-
onization of the roots by endophytic bac-
teria introduced on the seeds is distributed
along the roots, including partial or com-
plete colonization of the rhizosphere: in-
side the root, on the root surface and in the
immediate soil of the rhizosphere (Landa et
al., 2001). Kokalis-Burelle (2002) and Vessey
(2003) reported that PGPR could increase
yield of tomato by increasing the availability
of nutrients in rhizosphere soil and promot-
ing other beneficial plant-growth promot-
ing bacteria. PGPRs can remarkably increase
nutrient availability in inoculated plants
in plots compared to non-inoculated ones
(Adesemoye et al., 2008) and lead to a better
tomato growth. Karlidag et al. (2013) dem-
onstrated that inoculation of selected PGPR
increased considerably the growth, chloro-

be

&30 min
060 min

b

Length of root (cm)

Control + EB2A EB4B EB22K

Figure 3. Growth promotion of tomato root induced by Leclercia adecarboxylata (EB2A), Enterobacter ludwigii (EB4B) and
Enterobacter ludwigii (EB22K) isolates (30 min and 60 min of contact) a) in the absence of FORLand b) in the presence of FORL
evaluated after 31 days. Data are presented as means +SE. ANOVA with Duncan’s multiple range test was used to detect sig-
nificant differences. Bars with different letters within the parameter indicate significant differences at P < 0.05.

B30 min
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Dry weight (g)

Control - EB2A EB4B EB22K
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E30 min
060 min

Dry weight (g)

Control + EB2A EB4B EB22K

Figure 4. Dry weight promotion of tomato plants induced by Leclercia adecarboxylata (EB2A), Enterobacter ludwigii (EB4B)
and Enterobacter ludwigii (EB22K) isolates (30 min and 60 min of contact) a) in the absence of FORL and b) in the presence of
FORL evaluated after 31 days. Data are presented as means +SE. ANOVA with Duncan’s multiple range test was used to de-
tect significant differences. Bars with different letters within the parameter indicate significant differences at P < 0.05.
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phyll content and nutrient.

The treatment of tomato seeds with
PGPR strains (Leclercia adecarboxylata and
Enterobacter ludwigii) have led to a reduc-
tion in susceptibility to FORL, with a substan-
tial promotion of tomato growth (length of
root and dry weight). The protective effect
of the strains could be explained by their
ability to produce antifungal substances,
as highlighted by previous antifungal po-
tential characterization studies (bacteria
producing salicylic acid, rhamnolipids, chi-
tinase, cellulases) in addition to good com-
petitiveness for carbon and energy sources
(Haas and Défago, 2005).

In vivo tests indicate the protective ef-
fect of the isolated PGPR against FORL in
the tested tomato cultivar, but also growth
promotion with singular rates up to 200%.
For such reason and for other reasons, root
colonization is often considered as a limit-
ing factor for biological control in the rhizo-
sphere (Dekkers et al., 1997). However, selec-
tion of root colonizers has been an empirical
process involving the random control of
isolates. Herein, the relationship between
growth promotion and protection of tomato
will allow more targeted selection of strains
for more effective use in biological control
(Landa et al., 2001). The use of Leclercia ade-
carboxylata and Enterobacter ludwigii has al-
ready been reported for growth promotion
and protection of tomato (Gopalakrishnan
etal., 2012; Kisiel and Kepczynska, 2016), and
the traits and genes that contribute to root
colonization capacity have been extensively
studied (Landa et al., 2001). Nevetheless, the
relationship between protection and the
growth promotion or yield enhancement
by PGPR has been further established, as it
appears that the reduction in the severity of
the disease is accompanied by an increase
in the yield after adequate bacterial treat-
ments (Lemanceau and Alabouvette, 1991).

In conclusion, biological control of root
and crown rot disease caused by the FORL
soil pathogen in tomato, via the introduc-
tion of the tested endophytic bacterial
strains of Enterobacter species, is proposed
as a potential alternative to chemical sub-
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stances. Based on antagonistic tests, the
bacterial isolates with remarkable beneficial
traits such as the combination of production
of IAA, siderophores and phosphate solubili-
zation could be a useful tool to enhance the
sustainable production of tomato. In vivo
trials demonstrated an efficient interaction
of the three isolates with the tomato plant,
promoting growth and induction of plant
defense against FORL. Isolate EB4B appears
to be a promising alternative for future bio-
formulation and field application.
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Enidpaon epappoyng Touv evéo@utikoU Baktnpiov
Enterobacter ludwigii EB4B octnv mpowOnon tng avantu§ng

@UTWV TOMATAC

M.E.A. Bendaha kat H.A. Belaouni

NepiAnPn H pelétn auth otoyevel otV avdntuén evag Bloloyikol mapdyovta évavti Tou Fusarium
oxysporum f.sp. radicis-lycopersici (FORL) oTnv Topdta, o omoiog mapdAAnAa mpowBei tnv avdntuén twv
@UTWV. 1A TO OKOTIO AUTO, EEETAOTNKE €va GUVONO 23 VOOPUTIKWY BAKTNPIOKWY OTEAEXWV YIA TNV IKA-
vOTNTA Toug va avaoTtéAhouv tnv avamtuén tou FORL xpnoipomolwvtag tn dokipacia SImARg kaAAiép-
yelag o€ TpuPAio. Tpia amopovwBévTa oTeENEXN e TNV TTIO avTaywVIOTIKA 6pdon mpog To FORL e€etd-
OTNKav €MoNC W¢ mMPOC TNV Tapaywyr oidnpo@dpwy, Tn SlaAutomoinon PWoPoPIKWY AAATWVY Kal TN
ouvBean vdohofikoU 0&€oc (IAA) WS XapAKTNPIOTIKA TNE TPowBNnong tng avdmtuénc. H ikavétnta ava-
o0ToAN¢ TNC avdmtuénc Tou FORL Atav avtiototxa 51,51% (EB4B), 51,18% (EB22K) kai 41,40% (EB2A). Me
Baon tnv avdAuon aAnhouxiag tou yovidiou 16S rRNA, Ta oteAéxn EB4B kai EB22K katatdooovtal gu-
MoyeveTikd mAnoiov Tou ateléxoug Enterobacter ludwigii EN-119, evw to otéhexoq EB2A éxel amodobei
oto Leclercia adecarboxylata NBRC 102595. H emidpaon twv otehexwv EB2A, EB4B kai EB22K otnv mpo-
wBlnon avamTuéng TwWV PUTWV TNS TOUATAC EEETAOTNKE in vitro mapouacia Tou putomaboyovou FORL. Ot
emeuPaoelc pe Ta emAeypéva oTeENEXN alENOAV ONUAVTIKA TO KOG TG pilac kat To €npd Bapog Twv
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@uTWV. Ta Mo evBappuvTika amoteAéopata é0waoe To oTéAexog EB4B amouaia tou FORL auéavovtag
T0 UAKOC TNC pidag katd 326,60% kal to Enpo Bapoc katd 142,70% o€ oUyKpLon e Toug dpTupec. Ma-
pouacia Tou FORL, To otéAexoc EB4B BeAtiwoe t1600 10 prikog TG pilag (180,81%) 600 Kal 1o Enpod Bd-
P0G (202,15%) Twv QUTWV TNG TOUATAC. Ta AMTOTEAEOHATA EVIOXUOUV TNV TIEPAITEPW UEAETN TNE TTAPA-
TNPOUUEVNG EVEPYETIKAG eMidpaong Tou Enterobacter sp. EB4B yia mBavn xprion tou we BrodiepyepTi-
K6 mapdyovta kal mapdAAnia mapdyovta Brohoyiki¢ katamoAéunong Tov FORL.

Hellenic Plant Protection Journal 13: 54-65, 2020
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Effect of the olive fruit size on the parasitism rates of Bactocera
oleae (Diptera: Tephritidae) by the figitid wasp Aganaspis

daci (Hymenoptera: Figitidae), and first field releases of adult
parasitoids in olive grove

C.A. Moraiti', G.A. Kyritsis' and N.T. Papadopoulos'™

Summary The olive fruit fly Bactrocera oleae (Rossi) (Diptera: Tephritidae) is the major pest of olives
worldwide. The figitid wasp, Aganaspis daci (Hymenoptera: Figitidae), is a larval-prepupal endopara-
sitoid of fruit fly species, and it was found to successfully parasitize medfly larvae in field-infested figs
in Greece. To assess the potential of A. daci as a biological control agent against B. oleae, we studied
the effect of olive fruit size on parasitism rates of A. daci on 2" and 3" instar larvae of B. oleae, by us-
ing fruit of different size (cultivar ‘Chalkidikis’) and wild olive fruit. In addition, we conducted releas-
es of A. daci females in a pilot olive grove in Volos, Magnesia. From July to October, we released 200
A. daci females/0.1 ha/week, followed by olive fruit sampling to estimate olive fruit infestation levels
and the parasitism rates of A. daci. Laboratory trials revealed that fruit size and larvae instar were pre-
dictors of parasitism success of A. daci, with parasitism rates higher for small-size fruit of the cultivar
“Chalkidikis” and the 3 instar larvae of B. oleae. In field trials, no A. daci adults emerged from the ol-

ive fly infested fruit.

Additional keywords: biological control, larval instar, parasitism, olive fruit fly

Introduction

The olive fruit fly Bactrocera oleae (Ros-
si) (Diptera: Tephritidae) is a monophagous
species, of sub-Saharan African origin, that
attacks fruits of African and Asian wild olive,
O. europaea ssp. cuspidate, and the commer-
cial olives O. europaea ssp. europaea (includ-
ing wild olive fruit or naturalized ‘oleast-
ers’) (Hoelmer et al., 2011, Tzanakakis, 2006).
Its presence has been well documented in
the Mediterranean Basin, South and Central
Africa, Middle East and India, and it has re-
cently invaded California and northwestern
Mexico (Nardi et al., 2010). The olive fruit fly
usually lays one or more eggs just below the
surface of the fruit, and larvae form galler-
ies while feeding on the pulp of the fruit. Be-
sides secondary infestation from both bacte-
ria and fungi, olive fruit fly infestation causes

' Laboratory of Entomology and Agricultural Zoology,
Department of Agriculture, Crop Production and Ru-
ral Environment of Thessaly, Fytokou St., GR-384 46 N.
lonia Volou, Magnesia, Greece.
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premature fruit drop and reduces fruit and
olive oil quantity and quality (Manousis and
Moore, 1987). Current management strat-
egies for olive fruit fly populations rely pri-
marily on insecticide application either
through cover sprays or bait sprays that tar-
get adult fly. Resistance of B. oleae to insec-
ticides has been documented both for olive
fly populations from Greece (Kampouraki et
al., 2018) and California (Kakani et al., 2010).
Thus, B. oleae poses a serious threat to the
olive industry worldwide and its control is
challenging (Daane and Johnson, 2010).
Over nearly 100 years, considerable ef-
forts have been made to manage the ol-
ive fruit fly in southern Europe by introduc-
ing primarily North African populations of
Psyttalia (Opius) concolor (Szepligeti) (Hy-
menoptera: Braconidae), a koinobiont en-
doparasitoid of the second and third larval
instar of the Mediterranean fruit fly (med-
fly), Ceratitis capitata, and the olive fly (Daane
and Johnson, 2010). In Greece, initial trials in
the island of Chalki gave promising results
during the first year of release (18-37% par-
asitism rates) but parasitism rates declined
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(1-2%) the following years (Stavraki-Paulo-
poulou, 1966). In the island of Corfu, releas-
es of P. concolor (from Tunisia) against heav-
ily infested olive trees of the Lanolia variety
during the spring revealed high parasitism
rates (30-50%) even from the 1%t week after
the release (Kapatos et al., 1977). The harvest
period of olive fruit in Corfu (collected from
the ground in the spring) differs from that
of other regions in Greece (harvested in au-
tumn). Apparently, unharvested fruit support
an additional, spring generation of the olive
fruit fly that gives adults late in May and/or
June (Kapatos et al., 1977). However, P. con-
colorrarely contributes to control of the olive
fruit fly populations in spring without con-
sidering large inundative wasp releases (Li-
aropoulos et al., 1977; Kapatos et al., 1977).

In Spain, P. concolor was initially intro-
duced in late 1970s, but failed to get estab-
lished in several olive oil production areas
(Jiménez et al., 1998). More recently, high
parasitism levels (>20%) of B. oleae pupae by
P. concolor were recorded during August —
September in organically-managed orchards
in Majorca (Balearic Islands) (Miranda et al.,
2008). Apart from the Balearic Islands, P. con-
color is also assumed to be established in
southern Italy (Raspi and Loni, 1994). More-
over, field releases of the generalist, egg
parasitoid of fruit flies, Fopius arisanus (Hy-
menoptera: Braconidae), revealed parasitism
rates >20% during autumn when humidity
levels are high in Italy (Moretti et al., 2007).

In California (USA), numerous braconid
parasitoids were screened from 2002 on-
wards as potential biological control agents
of B. oleae and two larval endoparasitoids,
Psyttalia humilis (from Namibia) and P.
lounsburyi (from Kenya) have been released
in olive groves of coastal and inland coun-
tries (Yokoyama et al., 2011; Daane et al.,
2015). Recovery results revealed that the par-
asitoids have been established in coastal re-
gions and, more importantly, P. lounsburyi
can successfully overwinter and survive even
at low B. oleae densities (Daane et al., 2015).

The parasitoid Aganaspis daci (Hymeno-
ptera: Figitidae, Eucoilinae) is another sol-
itary, primary endoparasitoid that attacks
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the larval-prepupal stage of numerous fruit
fly species in South-East Asia and Austra-
lia (Clausen et al., 1965). It was first detect-
ed on parasitized larvae of B. dorsalis (Hen-
del) in Malaysia and Taiwan (Weld, 1951). In
the Mediterranean basin, A. daci was first re-
covered from medfly puparia of field-infest-
ed figs in the Greek island of Chios in 1999,
with the parasitism rate reaching 45% (Pa-
padopoulos and Katsoyannos, 2003). Up to
now, A. daci has been retrieved from medfly
and Rhagoletis cerasi (Diptera: Tephritidae)
pupae collected from field-infested citrus
and cherry fruits in Thessaly and Attiki area,
Greece (N.T. Papadopoulos and D. Papach-
ristos, personal observations). In 2009, A.
daci was recorded in Valencia, Spain, attack-
ing medfly in fig and citrus fruits (Sabater-
Munoz et al., 2012). Recently, A. daci was re-
ported to be the predominant parasitoid of
C. capitata pupae from field-infested loquat,
grapefruit, peach and guava orchards in the
coastal area of Tartous in Syria, with para-
sitism levels of 1.68%, 30.76%, 18.28% and
16.15%, respectively (Ali et al., 2015; 2016).

In addition, A. daci has been introduced
to many countries as a biological control
agent of specific fruit fly species. Initially, it
was introduced to Hawaii in 1948 for the bi-
ological control of B. dorsalis, where it was
also successfully mass reared on medfly lar-
vae/pupae (Clausen et al., 1965). Releases for
the control of the Caribbean fruit fly, Anas-
trepha suspensa, in Florida (USA) (introduced
via Hawaii) resulted in establishment after
three years (Baranowski et al., 1993). In con-
trast, the parasitoid failed to become estab-
lished in Mexico and Costa Rica (introduced
via Hawaii) after being released against
medfly and the Mexican fruit fly, Anastrepha
ludens (Wharton et al., 1998). In 2008, A.daci
was introduced to Egypt (via Hawaii) for the
biocontrol of B. zonata, with the initial para-
sitism rate ranging from 1.6 to 8% in a gua-
va orchard and, interestingly, five years lat-
er, the parasitoid was detected in the wild in
fruit fly infested citrus and guava fruits ap-
proximately 320km away from the initial re-
lease point (EI-Heneidy et al., 2019).

Even though A. daci is a native parasitoid
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of Bactrocera spp. and previous releases for
the control of B. dorsalis and B. zonata have
been attempted with some success (Claus-
en et al., 1965; El-Heneidy et al., 2019), bio-
logical control efforts, using this parasitoid,
against the olive fruit fly have yet to be as-
sessed. Preliminary results revealed that A.
daci can successfully parasitize B. oleae lar-
vae under laboratory conditions (N.T. Papa-
dopoulos and Ch. S. loannou, unpublished
data), but its response to infested olive fruit
both in laboratory and field conditions re-
mained unknown. It is well documented
that the olive fruit size is a significant pre-
dictor of the parasitic success of the Afri-
can parasitoids P. ponerophaga (Sime et al.,
2007), P. concolor (Wang et al., 2009a) and
P. lounsburyi (Wang et al., 2009b) on B. ole-
ae host. To this end, we assessed in the lab-
oratory performance of A. daci on infested
olive fruit of different size. In addition, we in-
cluded fruit of wild olive trees that can also
support B. oleae populations in Europe (Big-
ler and Delucchi, 1981). Last, releases of A.
daci were carried out in an olive grove in
Greece for assessing its potential as a bio-
logical control agent against B. oleae host in
field conditions.

Material and Methods

Insects

Laboratory colonies of B. oleae and A.
daci were maintained in an insect room un-
der controlled conditions (25 + 1°C, 60 =
10% R.H, and a photoperiod of L14: D10) in
the laboratory of Entomology and Agricul-
tural Zoology at the University of Thessaly,
Volos, Greece.

Aganaspis daci specimens were obtained
from a laboratory colony housed at the Va-
lencian Institute of Agrarian Research [Insti-
tuto Valenciano de Investigaciones Agrarias
(IVIA), Valencia, Spain]. This colony was es-
tablished in 2010 with specimens obtained
from medfly-infested figs in Bétera, Spain.
Since then, a laboratory colony was main-
tained on the host C. capitata (de Pedro etal.,
2016). After transferring to Volos, A. daci was

reared on mature (L;) medfly larvae, which
were reared in the laboratory on an artificial
diet as it is described by Boller (1985).

Olive flies obtained from infested olive
fruit of the “Pelion” cultivar collected from
organic olive groves in Volos in June 2016.
Flies were reared for 2 generations on olive
fruit that had been collected at an appropri-
ate ripening stage (full size, green color) and
stored atlow temperatures (6-7°C) until being
used. All adults were maintained in wooden
framed, nylon-mesh-screened holding cag-
es (30 x 30 x 30 cm) and had free access to
food (mixture of yeast hydrolysate and sugar
in a ratio of 1:4) and water. Olive fruit were of-
fered to females for oviposition, and mature
larvae dropped from the fruit into a contain-
er placed below. Pupae were collected and
kept under the same conditions.

Effects of olive fruit size on parasitism
success

To assess the effect of fruit size on the
parasitism rate of A. daci (the number of A.
daci adults recovered per olive fly pupae),
we used i) olives of the cultivar “Chalkidikis”,
and ii) wild olive fruit (wild growing olive
fruit of O. europaea ssp. europaea). The olive
fruit size (length and width) and olive fruit
thickness were measured for both “Chalkidi-
kis” olives (small-sized and big-sized) and
for wild olive fruit using a sample of 50 fruit
per category. Pulp thickness (i.e., distance
from the epidermis to pit) was averaged
from three needle-probe measurements
per fruit. Measurements were always tak-
en from the mid-point along the longitudi-
nal axis of a fruit. Fruit from “Chalikidikis” ol-
ives were mechanically categorized as small
(length < 3.1cm) and big (length > 3.1cm). All
olive fruit were offered to mature, mated fe-
males of B. oleae for oviposition, allowing 1
- 2 oviposition stings per fruit. Larvae were
left to develop inside fruit until reach 2" or
3 instar. Monitoring of larvae development
was based on samples of dissected fruit. Ol-
ive fruit with 2" and 3" instar larvae were of-
fered to A. daci females for parasitism. Five
A. daci females without previous oviposi-
tion experience (5-10 days old) were trans-
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ferred to plexiglass cages (15x15x15cm) with
ten olive fruits infested with 2" or 3" instar
B. oleae larvae. Aganaspis daci females were
allowed to oviposit to olive fruits for 24h
having free access to food (sugar and hon-
ey) and water. Then, fruit were individually
transferred to ventilated petri dishes for col-
lecting parasitized olive fruit fly pupae. Pe-
tri dishes with pupae were keptin the insect
room and checked daily until adult olive fly
and parasitoid emergence ceased. For each
fruit size and larvae instar (2" or 3" instar)
treatment, we run ten replicates (10 infest-
ed fruits with 5 A. dacifemale/replicate). Five
replicates of ten infested fruits remained in
a parasitoid unit without parasitoid for 24h
as control treatment to assess the natural ol-
ive fly larval/pupae mortality.

Induced mortality was evaluated by com-
paring % mortality in the treatment with %
mortality in its control, using the Schneider-
Orelli formula (Plntener, 1981) as follows:

Induced mortality (%) = [(treatment mor-
tality - control mortality)/ (100 - control mor-
tality)] x 100%.

Induced mortality refers to mortality of
host pupae attributed to parasitoids, from
which adults do not emerge.

Hence, population reduction is defined
as the sum of induced mortality and per-
centage parasitism.

Field releases of A. daci

One rainfed, olive grove located in Nea
lonia Volos (Magnesia, Greece) (39°37'N;
22°93’E, 16m) was selected for A. daci field
releases. The size of the olive grove was es-
timated at 0.5ha, and it was mainly planted
with the cultivar “Pelion”. The experimen-
tal field was surrounded by olive groves and
wild growing olive trees and has been certi-
fied (according to EC 834/2007) as an organ-
ic farm for at least the last five year. To moni-
tor the olive fly population, 10 McPhail traps
loaded with ammonium sulphate 2% as at-
tractant were deployed on 10™ July, 2018.
Adult captures recording and replacement
of the attractant solution was conduct-
ed every week until the end of the experi-
ment. Apart from male and female captures
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per trap per week, the percentage of fer-
tile females caught was determined follow-
ing dissection under a binocular microscope
(Fletcher et al., 1978). Aganaspis daci releases
took place one week after the first capture
of mature B. oleae females (bearing mature
oocytes in ovaries) in the traps. Ten 10 par-
asitoid females (5-10 days old) per fertile ol-
ive fruit fly female captured were released,
with a maximum release of 200 female par-
asitoids per 0.1 ha/week or 1000 female A.
daci/week due to rearing constraints. One
week after the first release, a total of 300 ol-
ive fruit were randomly collected, and kept
under laboratory conditions until the emer-
gence of B. oleae pupae. Then, collected
pupae were placed in Petri dishes until the
emergence of olive fruit flies and/or A. daci
adults. The experiment was completed on
23 October, 2018 because of the prema-
ture drop of almost all olive fruit caused by
the heavy B. oleae infestation. Climatic data
(temperature and humidity) during the pi-
lot trials (from 10™ July, 2018 to 23" October,
2018) were obtained from the closest mete-
orological station located at Nea Anchialos
Airport (39°21'N; 22°08'E, 25m a.s.l.) 17.8 km
south from the pilot field site (Fig. 1).

Statistical analysis

The normality of data was assessed with
the Kolmogorov-Smirnov test. Kruskal-
Wallis test was used to compare olive fruit
size metrics (length, width, pulp thickness).
Kruskall-Wallis and Mann-Whitney tests
were used to determine whether olive fruit
size and larval instar (2" and 3) had an ef-
fect on a) parasitism rate of A. daci, b) in-
duced mortality and c) population reduc-
tion of olive fly, respectively. All statistical
analyses were performed using SPSS 22.0
(IBM Corp., Armonk, NY, USA).

Results

Effect of olive fruit size on parasitism
success

The length of small and big categories of
“Chalkidikis” fruit averaged 2.7 + 0.3 cm and
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3.6 £ 0.3 cm, respectively; fruit width aver-
aged 1.8 + 0.1 cm and 2.5 £ 0.1 cm, respec-
tively. Mean length and width of wild ol-
ive fruit were estimated to be 2.0 + 0.2 cm
and 1.6 = 0.1 cm, respectively. Hence wild
olive fruit were smaller than the small size
“Chalkidikis” fruit. The average pulp thick-
ness of “Chalkidikis” olive fruit ranged from
0.57 £0.11 cm (small fruit) to 0.85 £ 0.01 cm
(big fruit), while pulp thickness of wild ol-
ive fruit was estimated at 0.62 + 0.11 cm.
Kruskal-Wallis tests revealed that olive fruit
differ in length (x*=133.197, df=2 P<0.001),
width (x*=132.104, df=2, P<0.001) and fruit
thickness (x?=99.189, df=2, P<0.001).
Parasitism rates of A. daci on 2" and 3™
instar larvae of the olive fruit fly was lower
than 11.4%, regardless of the size and culti-
var. Bactrocera oleae population reduction
was lower than 30% for 2"* and 3" instar lar-
vae in all olive sizes, except for L; on small
“Chalkidikis” fruit (=53%) (Table 1). Olive fly
larvae developing in small olive fruit of the
“Chalkidikis” cultivar seem to be more “vul-
nerable” to A. daci than those of the big fruit
regardless of the larvae instar. No A. daci
adults emerged from olive fly on wild olive
fruit, irrespective of the larval instar. Olive
fruit size was a significant predictor of par-
asitism rates (Kruskal-Wallis test, x>=14.885,
df=2, P=0.001), as opposed to induced mor-

40 -

~

tality (Kruskal-Wallis test, x°=0.687, df=2,
P=0.709) and population reduction of ol-
ive fly (Kruskal-Wallis test, x*=1.749, df=2,
P=0.417). Moreover, Mann-Whitney tests
revealed that larval size (developmental
stage) significantly affected parasitism rates
(U=193.000, P=0.003) and population reduc-
tion (U=293.000, P=0.020), while it was mar-
ginally not significant predictor for the in-
duced mortality caused by A. daci on olive
fly populations (U=318.000, P=0.051).

Field releases of A. daci

Olive fruit fly adult captures were record-
ed from the first week of sampling. Captures
peaked (300-500 adults per week) from 11
to 18 September, 2018 (Fig. 2). Fruit infes-
tation was low (<15%) until the 11* of Sep-
tember and significantly increased after the
25t September, 2018 (>100% olive infesta-
tion) and remained high until the end of the
survey. Percentage of mature females were
higher than 85% during the first week of
sampling and remained high (85-97%) until
the end of the experiment. In total, 13,220
A. daci females were released from 24t July,
2018 to 23 October, 2018. Fruit sampling
revealed that 1,845 B. oleae adults emerged
from 2,454 olive fly pupae; however, no A.
daci adults emerged from the infested ol-
ives (Table 2). It is noted that no olive fruit
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Figure 1. Climatic data from the pilot olive grove during the period of field releases. Data were obtained from the closest
meteo station located at the airoport of Anchialos, 17.8 km away from the pilot field.
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Table 1. Parasitism rates of Aganaspis daci, induced mortality and population reduction of
olive fly on L,, and L; larvae.

alinsar | Oherwic | Adedretn | et monlty | iicion
- - (mean = SE)
Wild olive fruit 0 244 +58 244 +£58
L; Chalkidiki (small) 11.4+£28 41.3+10.7 52.7+£10.8
Chalkidiki (big) 5519 229+79 284+72
Wild olive fruit 0 19.4+54 19.4+54
L, Chalkidiki (small) 3+1.6 154 +3.9 18.4+3.7
Chalkidiki (big) 0 18.3+11.9 18.3+11.9

*Induced mortality (%) = [(treatment mortality - control mortality)/ (100 - control mortality)] x 100%.
**Population reduction is the sum of induced mortality and percentage parasitism.
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Figure 2. Mean captures (numbers + SE) of olive fruit flies on McPhail traps per week during monitoring period. Males, fe-
males and fertile females are shown. Traps installed on 10th July, 2018.

were available for sampling following the
last A. daci release conducted on 23 Oc-
tober, 2018 due to the premature fruit drop
caused by the heavy olive fly infestation.

Discussion

Our results suggest that parasitism success
of A. daci on B. oleae larvae feeding on ol-
ive fruit was both affected by olive fruit size
and larval instar under laboratory condi-
tions. Specifically, the parasitism rates of the
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infested olive fruit of the “Chalkidikis” culti-
var ranged from 11.4% to 3% for small and
big fruit, respectively. Interestingly, B. ole-
ae larvae were fully protected in wild ol-
ive fruit since no A. daci emergence was re-
corded. It is noted that wild olive fruit were
smaller than those from the small “Chalkidi-
kis” fruit; however, there was no difference
in pulp thickness between wild olive and
small “Chalkidikis” fruit. Moreover, both par-
asitism rates of A. daci and olive fly popu-
lation reduction were higher for 3 instar
compared to 2" instar larvae. In contrast,
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Table 2. Results of olive fruit infestation rates and parasitism rates of Aganaspis daci on olive
fruit fly after releases during the period of 24™ July — 23" October, 2018.

Number of .
A.dacirelease Olive infestation levels emerged £ o o O |,
individuals (n) | 2 S % % B. oleae adult
IS S O |emergence (con-
- ' v o v S ESS e\g % side-ring formed
Release date 3 Tg coIIethriL:r: date s S 37 ) E Pupee
< o o < o <<
24/7/2018 560
7/8/2018 25 17 0 0 8.3 68.0
31/7/2018 840
7/8/2018 1000 14/8/2018 42 34 0 0 14 81.0
14/8/2018 1000 21/8/2018 34 21 0 0 1.3 61.8
21/8/2018 1000 28/8/2018 33 29 0 0 N 879
28/8/2018 1000 4/9/2018 36 26 0 0 12 72.2
4/9/2018 1000 11/9/2018 23 16 0 0 7.7 69.6
11/9/2018 1000 18/9/2018 41 30 0 0 13.7 73.2
18/9/2018 1000 25/9/2018 209 194 0 0 69.7 92.8
25/9/2018 1000 2/10/2018 431 325 0 0 143.7 75.4
2/10/2018 1000 9/10/2018 652 408 0 0 217.3 62.6
9/10/2018 1000 16/10/2018 448 352 0 0 149.3 78.6
16/10/2018 820 23/10/2018 480 393 0 0 160 81.9
23/10/2018 1000
Total 13220 2454 1845 0

*Sample of 300 olive fruit per sampling date

olive fruit size and larvae instar have no im-
pact on induced mortality. Our field trials
revealed that olive fruit fly adult captures
in traps were high from the middle to the
end September, resulting in high infesta-
tion rates of olive fruit from the end of Sep-
tember to the end of October, when our tri-
als ceased due to premature olive fruit drop.
Zero parasitoid recovery rates reveal that A.
daci failed to get established and parasitize
the olive fruit fly in the pilot orchard under
the prevailing conditions.

Effect of olive fruit size on parasitism
success

Our laboratory experiments support that
A. daci adults are not able to emerge from
infested wild olive fruit, being in line with a
previous field study that revealed that wild
olive is not an appropriate host of olive fly
parasitoids in Crete (Neuenschwander et al.,
1983). However, olive fruit size and larval in-

star have been found to be significant pre-
dictors of the parasitism rates of A. daci on
B. oleae larvae. For Psyttalia species, fruit
size of the domesticated olives is known to
have a negative impact on their parasitism
success on B. oleae larvae (Sime et al., 2007;
Wang et al., 2009a; 2009b). Given that Psytta-
lia species follow “a drill and sting” strategy
for parasitizing their host (2" and 3 instar
larvae), their ovipositor length is expected
to be a significant predictor of parasitism
success, in line with Latiere’s hypothesis (La-
tiere, 1917). This is particularly true for the
2" instar of B. oleae larvae that tend to tun-
nel deeper in large, fleshier fruit of Europe-
an cultivars (Wang et al., 2009a). On the oth-
er hand, A. daci females follow “an ingress
and sting” strategy, which means that they
enter the fruit in order to parasitize the host
larvae favored by the smooth, compressed
body shape. In this context, the relative ovi-
positor length of A. dacifemales seems to be
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less important for the parasitism success of
B. oleae on different-sized fruit, compared
to the opiines’ parasitoid. Indeed, pulp
thickness of all three study olive fruit (5.7
- 8.5mm) is significant higher than the ovi-
positor length of A. daci (NT Papadopoulos,
unpublished data) but still A. daci is capa-
ble of parasitizing B. oleae larvae. As a result,
variability in A. daci parasitism efficiency in
olive fruit cannot be explained by the ovi-
positor length. In addition, the 3™ instar B.
oleae larvae were found to be more vulnera-
ble to parasitism by A. daci. This is partly at-
tributed to the fact that the L; (positioned
closer to surface because on their way to ei-
ther pupate (summer generation] or exit the
fruit and pupate in soil (autumn winter gen-
eration) are more exposed to A. daci attacks
than the L, larvae (Tzanakakis, 2006; Wang et
al., 2009b).

Field releases of A. daci

Although A. daci can successfully para-
sitize infested olive fruit in laboratory con-
ditions, our results support no activity of A.
daci in field conditions, despite of the pre-
vailing optimal conditions for the field re-
leased wasps in terms of host availability.
In general, field studies have so far revealed
very low fertility rates and high immature
mortality of A. daci, driven mainly by low
(<20°C) or high (>30-35°C) temperatures (de
Pedro et al., 2016; 2017), even though excep-
tions exist (Papadopoulos and Katsoyannos,
2003; Ali et al., 2016). Nevertheless, parasit-
ism rates under low temperatures are ex-
pected to be high only under low humidity
levels, while warm and wet conditions favor
parasitism rates of A. daci during summer,
suggesting that both temperature and rel-
ative humidity affect parasitism rates of A.
daci in the Mediterranean basin (de Pedro et
al., 2017). For instance, in the coastal area of
Syria, field parasitism of A. daci was record-
ed from May to September with a peak dur-
ing June and August, when temperatures
ranged from 22°C to 26°C (Ali et al., 2016). In
our study, high temperatures and low rela-
tive humidity prevailing in the area during
July and August may resulted in high mor-
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tality rates of the released parasitoids. In ad-
dition, low temperatures (<20°C) during the
last month of the field trial are likely to ex-
tend the duration of the immature stages of
the parasitoid and decrease survival rates of
A. daci, despite of the high olive fly infesta-
tion that offered an increased host availabil-
ity (Tormos et al., 2013).

Given that olive cultivar has an effect on
parasitism rates of A. daci, it is possible to as-
sume that the parasitism failure in pilot trials
is attributed to cultivar type, although there
is no data regarding A. daci response to olive
fly larvae feeding on the “Pelion” cultivar.. In
this sense, further studies are needed for as-
sessing the parasitism rates of A. daci on ol-
ive fly infested fruit of the “Pelion” cultivar
under both laboratory and field conditions
following more controlled experimental ap-
proaches. Moreover, taking into account the
oviposition strategy and the searching be-
havior of A. daci, it is expected that the figit-
id wasp will predominantly parasitize larvae
in fallen fruits due to the easy entry through
cracks of wounded fallen fruit, as previous
studies have documented for the fruit fly
parasitoids A. pelleranoi and Odontosema
anastrephae (Hymenoptera: Figitidae) (Alu-
jaetal, 2009). In our study, high B. oleae in-
festation (particularly during the last month
of the field trial) resulted in large numbers of
fallen olive fruit but parasitism of olive fly lar-
vae hosted in these fruit was not evaluated.
Moreover, it is important to note that sam-
ples of B. oleae pupae that gave no adults (B.
oleae or A. daci) were not examined for im-
mature stages of A. daci that did not man-
age to reach adult stage. Hence, the possi-
bility that parasitism exists on fallen fruit or
pupae in the soil cannot be excluded.

Associative learning is well documented,
particularly for the opiine parasitoid species
(Giunti et al., 2015). Laboratory experiments
revealed that early adult learning affects
host preferences (B. oleae vs C. capitata) in
the medfly mass-reared P. concolor (Canale
and Benelli, 2012; Giunti et al., 2016). Even
though parasitoid behavioral studies in the
field are still scarce (Randlkofer et al., 2010;
Kostenko et al., 2015), host plant appears to
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be another important source of information
for parasitoids’ foraging capacity (Giunti et
al., 2015; Segura et al., 2012; 2016). Recent-
ly, it was proved that host-fruit odor learn-
ing influences foraging capacity of the fruit
fly parasitoid, Diachasmimorpha krausii (Hy-
menoptera: Braconidae), against the tephrit-
id host fly Bactrocera tryoni in nectarines and
tomatoes (Masry et al., 2019). The role of ol-
ive trees and olive fruits on the performance
of A. daci and other olive fruit fly parasitoids
remain totally unexplored, despite of the
long term efforts for the biological control
of olive fruit fly (Daane and Johnson, 2010).
In this sense, it is plausible to suggest that
parasitism failure of A. daci against the heav-
ily infested olive fruit may be partly attrib-
uted to olive trees/fruit recognition issues.
Further studies are necessary for assessing
the factors that affect foraging capacity of
A. daci in olive groves.

Conclusions

To summarize, our study aimed at evaluat-
ing the potential of the figitid wasp, A. daci,
as a biological control agent of the olive
pest, B. oleae. To this end, we assessed the
effects of olive fruit size and B. oleae larval
instar on its parasitism success under labo-
ratory conditions, and then we examined A.
daci performance on B. oleae larvae in a pilot
olive grove in Greece. Laboratory studies re-
vealed that small-sized olives infested with
3 instar larvae of olive fruit fly are most vul-
nerable to A. daci attacks. However, infested
wild olive fruit found not to be an appropri-
ate host for A. daci. Our first attempt of field
control of olive fruit fly raised the well doc-
umented inherent difficulties of classical bi-
ological control of B. oleae, resulting in no
parasitism. Overall, further studies are need-
ed, both in laboratory and field conditions,
for getting a better insight of A. daci poten-
tial in olive fly biological control programs.

This research is co-financed by Greece and the
European Union (European Social Fund- ESF)

through the Operational Program «Human Re-
sources Development, Education and Lifelong
Learning 2014-2020» in the context of the proj-
ect “Biological control of the olive fruit fly with
the parasitoid Aganaspis daci (Hymenoptera:
Figitidae)” (MIS 5004126).
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Enidpaon Ttou peyéBoug Tou EAAIOKAPTIOU GTOV MAPAGCITIOMO
Tou Bactocera oleae (Diptera: Tephritidae) anmo to
nmapaottoeldég Aganaspis daci (Hymenoptera: Figitidae) kat
mAoTIKN e§anmdéAuon Tov mapacitoeldol¢ o eAaiwva

K.A. Mwpaitn, lA. Kupitong kat N.T. NMamadémouAog

NepiAnPn O ddxog tng eNde, Bactocera oleae (Diptera: Tephritidae), amoteAei Tov oNUAVTIKOTEPO
ex0p06 TNC EAALOKAANIEPYELAC TTAYKOOUIWE, TOU ommoiou N BLOAOYIKH AVTIMETWTTIION TTAPAMEVEL LAANOV
avemtuxic otov aypo. To Aganaspis daci (Hymenoptera: Figitidae) eival éva evdomapaocitoeldég
mou TPOOPBANEL peydANG nAikiag mPovOuEeC Twv 10wV TNC olkoyévelag Tephritidae kat Bpébnke
Va TIOPAOCITEL EMTUXWG MTPOVUUQES TNG HOYaG TG Meooyeiou og mpoofefAnuéva otov aypd ouKa
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otnv EANGda. Mpokelpévou va e€etaotel n duvatotnta alomoinong tou A. daci w¢ mapdyovta
Bloloyiknc katamoAéunong tou Odkou TG eNAC, MeEAeTAONKe n emibpaon tou peyéBoug Tou
€NALOKAPTIOU GTOV TTAPACITIOUO TTPOVUHPWY 2" Kalt 37 nAikiag Tou ddkou TG ENAC, XPNOIUOTIOIWVTAC
Sl1apopETIKOU PEYEBOUC KaPTOUC TNG TOLKIAIAG «XaAKIOIKAG» Kat Kapmoug ayplehids. Emmpdobeta,
npaypatomoldnkav e€amoAVCEL; TOU A. daci o€ TIAOTIKO EAALWVA OTNV EUPUTEPN TIEPLOXT TOU BOAOU,
Mayvnaiac. Kata tnv mepiodo louhiou — OktwRpiou 2018, mpayuatomoiridnkav o€ efdouadiaia Bdon
e€amoAUoelg 200 ONAUKWV aTOUWV/OTPEUUA Pe TapAAANAEG CUANOYEG eAatokapTwy (300 ehatdkapmol/
€BOoudda) yia EAeyxo Tou TOGOOTOU TPOGROAAC TWV KAPTIWV Ao Tov OAKO TNE EALEC KAl TOU TTOGOOTOU
TIapPAcITIoNOU amd 1o A. daci. And ta anoteAéopata mPOKUTTEL OTI TOOO TO HEYEDOC TOU EAALOKAPTIOU
600 Kal To 0Tdd10 avamtuéng TNG mMPovOUEng Tou 8dkou ¢ ENAC ival kaBoploTikoi mapdyovTeg yia
TOV EMITUXN TAPACITIONO amd 10 A. daci. YPnAd mocooTd MapACITIOUOU KATAYPd@nKaAV GTOUG UIKPOU
HEYEBOUC KaPTOUC TNC TOIKINAC «XaAKISIKAC» Kal OTIC MPOVUUPES 37 nAikiag Tou Akou TG eNIAC
o€ £pyaoTnplakég ouvonkec. AvtiBeta, 6ev mpoékupav evihika tou A. daci amd mpoofefAnuévouc
€NALOKAPTIOUC KATA TN OLAPKELD TWV TAOTIKWY SOKIMWY 0TOV aypO.
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SHORT COMMUNICATION

Lavandula angustifolia and Oxalis pes-caprae, hosts of
Meloidogyne hapla and Meloidogyne javanica - A note for
Meloidogyne luci in Greece

A.R. Gongalves', I.L. Conceicao’, M. Kormpi? and E.A. Tzortzakakis**

Summary Root-knot nematodes (RKN), Meloidogyne spp., have a wide host range and are common
in the Mediterranean area. Cultivated lavender (Lavandula angustifolia) was found naturally infested
by M. hapla in Kozani area, the first documented infestation of this crop by RKN in Greece. Oxalis pes-
caprae, a common winter weed in Crete, was found to be a host of M. javanica under artificial inocu-
lation. This weed acts as a potential winter host of the nematode in fields cultivated with vegetable
crops. Two populations of M. ethiopica were found in kiwi and maize in Greece in the past. Recently,
populations of M. ethiopica from Europe were re-classified as M. luci, based only on the population iso-
lated from kiwi for Greece. In the current work, the RKN populations originating from kiwi and maize
and maintained on tomato, were identified as M. luci. Nematode species identification was determined

by electrophoretic analysis of protein extracts obtained from females.

Additional keywords: Esterase phenotypes, identification, root-knot nematodes, weed

Root-knot nematodes (RKN), Meloidogyne
spp., are amongst the most economically
important nematodes in agriculture, having
a wide host range and being common in the
Mediterranean area (Lamberti, 1981; Moens
et al., 2009). Species identification using
morphological characteristics is complex,
difficult and time consuming. In Greece,
RKN have been found in several areas and
their identification was based on morpho-
logical and morphometric characters and/
or differential host tests until the middle of
1990's (Tzortzakakis et al., 2011). In the last
20 years, the four major RKN species (Melo-
idogyne arenaria (Neal) Chitwood, 1949, Mel-
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oidogyne hapla Chitwood, 1949, Meloidog-
yne incognita (Kofoid & White) Chitwood,
1949 and Meloidogyne javanica (Treub) Chit-
wood, 1949), Meloidogyne luci (Carneiro,
Correa, Almeida, Gomes, Mohammad Dei-
mi, Castagnone - Sereno & Karssen, 2014)
(initially identified as Meloidogyne ethiopica
Whitehead, 1968) and Meloidogyne hispani-
ca (Hirschmann, 1986) have been identified
in Greece using molecular and/or biochem-
ical markers (Conceicao et al., 2012; Tzort-
zakakis et al., 2011, 2014, 2016, 2019; Geric
Stare et al., 2017).

Herein Meloidogyne spp. from popu-
lations isolated from cultivated plants in
Greece, were identified by electrophoretic
analysis of protein extracts obtained from
RKN females, using the Mini-Protean llI sys-
tem (Bio-Rad) according to Esbenshade
and Triantaphyllou (1985a,b) and Pais et al.
(1986), with some modifications. The anal-
ysis revealed new host plant species for M.
hapla and M. javanica and also confirmed
the identity of M. luci in two populations
maintained on tomato.

In autumn of 2018, some plants of cul-
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tivated lavender (Lavandula angustifolia)
from the area of Kozani, North Greece, indi-
cated symptoms of stunting. Roots were ex-
amined and galls typical for RKN infestation
were detected (Fig. 1). EQg masses were col-

lected and used to inoculate tomato plants
(Solanum  lycopersicum, cv. ACE) grown in
pots filled with commercial compost soil
and maintained in a growth room with 16h
photoperiod and temperature ranging from

Figure 1. Top left: Root of cultivated lavender (Lavandula angustifolia) with galls caused by Meloidogyne hapla. Top right:
Oxalis pes-caprae, a quite common winter weed in Crete, Greece. Bottom: Root of Oxalis pes-caprae with galls caused by Mel-
oidogyne javanica after artificial inoculation.
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21 to 24°C. The RKN population originating
from lavender was identified as M. hapla.
This species has been previously reported in
Greece based only on morphological iden-
tification characteristics (Hirschman et al.,
1966; Koliopanos, 1980; Pyrowolakis, 1980;
Vovlas and Antoniou, 1987; Vlachopoulos,
1994). Recently it was found in Crete infect-
ing the mountain tea variety “Malotira” (Sid-
eritis syriaca L.) and that was the first molec-
ular identification of this species in Greece
(Tzortzakakis et al., 2019). The current work
represents the first report of natural infes-
tation of cultivated lavender by M. hapla in
Greece.

Oxalis pes-caprae (Fig. 1) is a common
winter weed in Crete. Bulbs of O. pes-caprae
were collected from soil samples originat-
ing from vineyards in autumn and stored.
In October, they were planted in pots filled
with commercial compost soil and inoculat-
ed with pieces of heavily galled roots of a
tomato plant found infested with RKN in a
home garden. The pots were maintained in
a glasshouse without artificial light or heat-
ing from October to April, when the plants
were let to dry. Air temperature fluctuated
from 3°C at winter nights to as high as 35°C
in spring. The roots were washed from the
soil and revealed presence of galls with egg
masses (Fig. 1). Several egg masses were col-
lected and inoculated to tomato plants (cv.
ACE) grown in pots in a growth room as de-
scribed previously. After approximately two
months, the plants were uprooted and RKN
females isolated from the roots were used
for species identification.

The population that infested and repro-
duced on O. pes-caprae in pots was iden-
tified as M. javanica which is a prevalent
species of RKN in Crete (Tzortzakakis et al.,
2011). The related species Oxalis corniculata
has been reported as a host of Meloidogyne
species (Dabaj and Jenser, 1990; Belle et al.,
2016; Santos et al., 2019). In Italy, M. javanica
has been found parasitizing O. pes-caprae in
citrus groves (Ciancio et al., 1992). The cur-
rent work indicates that this weed could act
as a potential winter host of this nematode
species, especially in fields cultivated with

vegetable crops in the period from spring to
autumn.

Meloidogyne luci was recently described
from populations originating from Bra-
zil, Chile, Iran (Carneiro et al., 2014) and lat-
er from Guatemala and Portugal (Janssen
et al., 2016; Maleita et al., 2018; Santos et al.,
2019). Geric Stare et al. (2017) stated that all
reports of M. ethiopica from Europe (Slove-
nia, Italy and Greece) refer to the species M.
luci. The first report of M. ethiopica in Greece
was based on the identification of two pop-
ulations, one isolated from kiwi and the oth-
er from maize (Conceicdo et al., 2012). Both
of these populations have been cultured in
potted tomatoes at the Nematology Labora-
tory of the Institute of Olive Tree, Subtropical
Crops and Viticulture, Heraklion, Crete, since
2009. In 2017, Geri¢ Stare et al. identified the
population isolated from kiwi as M. luci. In
the present work, the RKN populations orig-
inating from kiwi and maize were both iden-
tified as M. luci confirming the presence of
this species in two different areas of Greece.
Recently, 26 different plant species were
recognized as hosts of M. luci and because
it has been misidentified as M. ethiopica for
several years, a broader distribution is cur-
rently documented (EPPO, 2017).
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2YNTOMH ANAKOINQxH

Lavandula angustifolia kaw Oxalis pes-caprae, {eVioTéC TWV
KopBovnpuatwdwv Meloidogyne hapla kan Meloidogyne
javanica - Inpeiwon yia tov Meloidogyne luci ctnv EAAG6a

A.R. Gongalves, I.L. Conceicao, M. Kopunn kat E.A. T(wpTt{akdkng

NepiAnYn O1 kouBovnuatwdeic (Meloidogyne spp.) £xouv €va peyalo e0POC EEVIOTWV Kal gival upé-
w¢ Stadedopévol oTnv Meadyelo. Ztnv meptoxn tn¢ Kolavng Bpébnke kaAAiepyoupevn AeBdvta (Lavan-
dula angustifolia) pe mpooBoAf and tov vhpatwdn Meloidogyne hapla pe Tnv GuyKeKpIPEVN KATAYPAPN
va givat n mpwtn otnv EANada. H o§alida, Oxalis pes-caprae, amotelei éva ouvnBiopévo xelpepvo (1I{a-
vio otnv Kprtn Kai Bpébnke va ival EevioTig Tou gidouc M. javanica og cuvBnkeg Texvntig HOAuvonC.
Emopévwg pmopei va amoteléoel éva Xelpeptvé EevioTh Tou vpatwén oe aypoug e KaANIEPYELD KN-
TEVTIKWV. AUo mAnBuopoi Tou vnpatwdn M. ethiopica eixav Bpebei o kaAAiépyela akTividiov kat apa-
Boottou otnv EANGSa maAaidtepa. Mpdogata, empPePaiwbnke 6Tt OAeC ol avagopég Tou M. ethiopica
otnv Evpwmn agopoulv 1o €ido¢ M. luci, \apavovtag unmdyn pévo tov MAnBuoud 6To akTvidlo yla T
EAN&Sa. Ot mAnBuopoi mou €ixav amopovwBei amé Tnv KaAAiépyela Tou akTividiou Kat Tou apaBdaoitou
otnv EAA&Sa tautomonOnkav wg M. luci. H tautomoinon Twv €160V Twv vNUATWwOWV EyIVE PE NAEKTPO-
@OPNON MPWTEIVWV TTPOEPXOUEVEC a6 BnAUKA dTopa.

Hellenic Plant Protection Journal 13: 78-82, 2020
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Effect of rhizobacteria strains on the induction of resistance in
barley genotypes against Cochliobolus sativus

A. Adam*

Summary Enhancement of the resistance level in plants by rhizobacteria has been proven in sever-
al pathosystems. This study investigated the ability of four rhizobacteria strains (Pseudomonas putida
BTP1 and Bacillus subtilis Bs2500, Bs2504 and Bs2508) to promote the growth in three barley genotypes
and protect them against Cochliobolus sativus. Our results demonstrated that all tested rhizobacteria
strains had a protective effect on barley genotypes Arabi Abiad, Banteng and WI2291. However, P. puti-
da BTP1 and B. subtilis Bs2508 strains were the most effective as they reduced disease incidence by 53
and 38% (mean effect), respectively. On the other hand, there were significant differences among the
rhizobacteria-treated genotypes on plant growth parameters, such as wet weight, dry weight, plant
height and number of leaves. Pseudomonas putida BTP1 strain was the most effective as it significant-
ly increased plant growth by 15-32%. In addition, the susceptible genotypes Arabi Abiad and WI2291
were the most responsive to rhizobacteria. This means that these genotypes have a high potential for
increase of their resistance against the pathogen and enhancement of plant growth after the applica-
tion of rhizobacteria. Consequently, barley seed treatment with the tested rhizobacteria could be con-

sidered as an effective biocontrol method against C. sativus.

Additional keywords: Biocontrol, Hordeum vulgare, ISR, PGPR, spot blotch

Introduction

Plants have various mechanisms of resis-
tance against pathogens. It has been proven
that plant growth-promoting rhizobacteria
(PGPR) capable of improving the growth and
yield of crops by fixing atmospheric nitro-
gen, solubilizing insoluble phosphates and
secreting hormones, such as IAA (Majeed et
al., 2015; Ahmed et al., 2017), are also able to
enhance plant resistance against pathogens
by inducing the systemic resistance (ISR) (Pi-
eterse et al., 2002). This phenomenon can
be systemic as PGPR are in soil on the plant
roots while their positive effects appear on
the above-ground plant parts. ISR is long-
lasting and not conducive for developing
resistance in the targeted pathogen. In ad-
dition, the activation of ISR-mediated defen-
sive mechanism is overexpressed upon the
subsequent pathogen challenge. Therefore,
ISR phenomenon can be the basis of inte-

* Department of Molecular Biology and Biotechnolo-
gy, Atomic Energy Commission of Syria. P.O. Box 6091,
Damascus, Syria
e-mail: ascientificl@aec.org.sy
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grated pest management strategies in both
field and greenhouse crops (Van Loon et al.,
1998; Ramamoorthy et al., 2001; Zehnder et
al., 2001; Saravanakumar et al., 2007).

This phenomenon has been proved in
several plants against a broad range of bac-
terial, fungal and viral diseases, as well as
against insects and nematodes (Van Loon
et al., 1998; Durrant and Dong, 2004; Bak-
ker et al., 2007; Choudhary and Johri, 2009;
De Vleesschauwer and Hofte, 2009; Reglin-
ski, 2009). Most PGPR-elicited ISR in plants
belong to the genera Pseudomonas and
Bacillus (Kloepper et al., 2004; Choudhary
and Johri, 2009). In the same context, a
non-pathogenic Pseudomonas putida BTP1
strain has shown to enhance resistance in
cucumber against Pythium aphaniderma-
tum, and in bean and tomato against Bot-
rytis cinerea (Ongena et al., 1999; Ongena et
al., 2004; Adam et al., 2008). In addition, the
same effect has been shown on grapevine
and potato plants against phylloxera (Dak-
tulosphaira vitifoliae) and potato tuber moth
(Phthorimaea operculella Zeller), respectively
(Adam et al., 2012; Adam et al., 2013; Adam et
al., 2016). On the other hand, Bacillus subtilis
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Bs2500, Bs2504 and Bs2508 strains have also
been demonstrated to induce systemic re-
sistance in tomato and barley against B. cin-
erea and Pyrenophora graminea, respective-
ly (Ongenaetal., 2008; Adam et al., 2017).

The protective effect of PGPR was often
proved in dicots, such as cucumber, tobac-
co and Arabidopsis. However, the efficacy
of PGPR in monocots against necrotrophic
pathogens has been demonstrated only in
a few cases (Van Loon, 2007; Van Wees et al.,
2008; Vlot et al., 2008; Pinedra et al., 2010).
Cochliobolus sativus (Ito & Kurib.) Drechsl. ex
Dast. [anamorph: Bipolaris sorokiniana (Sacc.
in Sorok.) Shoem/], the fungus causing spot
blotch, is a common foliar pathogen of bar-
ley (Hordeum vulgare) and responsible for
large economic losses in grain yield of cere-
als in North America (Mathre, 1990), Austral-
ia (Meldrum et al., 2000) and Syria (van Leur
etal., 1997). Effective control of C. sativus can
be achieved by the introduction of resistant
cultivars as an important component of in-
tegrated disease management (Ghazvini
and Tekauz, 2008).

Therefore, this work aimed mainly at
studying the effect of four rhizobacteria
strains (P. putida BTP1 and B. subtilis Bs2500,
Bs2504, and Bs2508) against C. sativus on
barley genotypes (Arabi Abiad, Banteng
and WI2291) and on their ability to promote
plant growth.

Materials and methods

Microbial strains and inoculum prepara-
tion

Rhizobacterial strains used in this study,
P. putida BTP1 and B. subtilis Bs2500, Bs2504
and Bs2508, were provided by Prof. Philippe
Thonart (Wallon Center for Industrial Biolo-
gy, University of Liege, Belgium). Pseudomo-
nas putida strain and B. subtilis strains were
maintained forashort periodat4°ConKing's
B agar (King et al., 1954) and 868 agar Petri
dishes (20 g/l glucose, 10 g/l peptone, 10g/I
yeast and 20 g/l agar) medium (Jacques et
al., 1999), respectively. For long-term main-
tenance, strains were stored at-80°Cin cryo-

tubes according to the manufacturer recom-
mendations (Microban K; Prolab Diagnostic,
Richmond Hill, Canada). For utilization, P.
putida strain was grown on Casamino acids
(CAA) broth medium (5 g/ CAA, 0.9 g/l K;H-
PO,and 0.25 g/ MgSO.) (Ongena et al., 2002)
for 24 h at 30+1°C, whereas B. subtilis strains
were grown on 868 broth medium (20 g/I
glucose, 10 g/l peptone and 10g/l yeast) for
48 h at 30x1°C. The cultures were then cen-
trifuged at 10,000 rpm for 10 min. Superna-
tants were removed and bacterial cells were
collected and resuspended in 10 mM MgSO,
to a final concentration of 108 colony-form-
ing units (CFU) per ml before use.

The fungal pathogen Cochlibolus sativus
isolate Pt4 was provided by Dr. M.I.E. Arabi
(Atomic Energy Commission of Syria). It was
isolated from naturally infected barley leaves
as described by Arabi and Jawhar (2003).
The fungus was grown in 9 cm Petri dishes
containing potato dextrose agar (PDA, Dif-
co, Detroit, MI, USA) for 10 days at 22+1°Cin
the dark. The conidial suspension was pre-
pared by harvesting conidia with 10 ml of
sterile distilled water. After removing myce-
lial debris by filtration through several layers
of cheesecloth, the conidial suspension was
centrifuged for 5 min at 5,000 g and conidia
were resuspended in 0.01% X-triton-100 to a
final concentration of 2x10* conidia/ml.

Barley genotypes

The three barley (Hordeum vulgare
L.), genotypes, Arabi Abiad, Banteng and
WI2291, used in the present study, were
provided by Dr. M.LE. Arabi (Atomic Energy
Commission of Syria). They were chosen for
their differential reaction to artificial inocu-
lation with C. sativus (Arabi, 2005). WI2291
(susceptible) originated from the Waite In-
stitute (Glen Osmond, Australia), Banteng
(resistant) is a German genotype and Arabi
Abiad (moderate resistant) is a local geno-
type (heterogeneous landrace).

Assays for induction of resistance

Barley seeds of the three genotypes
were surface sterilized by dipping in sodi-
um hypochlorite (5%) for 5 min and washed
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with sterilized distilled water three times for
3 minutes each time. Prior to sowing, ster-
ilized seeds were soaked for 10 min in sus-
pensions of 108 CFU/ml 0.01TM MgSO, of
the rhizobacteria strains. Untreated (con-
trol) seeds were soaked for 10 min in dis-
tilled water. Then, seeds were sown in 10
cm-plastic pots (four seeds of each geno-
type per pot) containing a sterilized potting
substrate (Brill Substrate GmbH, KG, Germa-
ny). To ensure good colonization with the
rhizobacteria, the soil substrate was mixed
after its sterilization with the rhizobacteria
suspensions (approximately 11 of 108 CFU/ml
rhizobacterial suspension of each strain per
3 kg of substrate to obtain a final concentra-
tion of 3.3x10” CFU/g soil substrate) or with
an equal volume of sterilized distilled water
per 3 kg of substrate for the untreated (con-
trol) seeds. Pots were arranged in a random-
ized complete block design with six pots
per treatment and genotype as replicates
(total of 24 plants). Plants were placed in a
growth chamber at temperatures 22+1°C
(day) and 17+1°C (night) with a 12-h photo-
period and 80-90 % relative humidity. All

il

Figure 1. Development of symptoms over a period of 14 days
on the second leaf of barley plants (Arabi Abiad genotype) in-
oculated with five drops (5ul each) of a conidial suspension (2
x 10* conidia/ml) of Cochliobolus sativus. Disease incidence was
expressed as percentage of inoculation sites per leaf develop-
ing lesions (one lesion = 20%, 2 lesions = 40%, 3 lesions =
60%, 4 lesions = 80% and 5 lesions = 100%).

\
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plants emerged from both treated and un-
treated seeds were inoculated with C. sati-
vus at growth stage GS13 [three emerged
leaves, based on the growth scale devel-
oped by Zadoks et al. (1974)] by depositing
five drops (5ul each) of a conidial suspen-
sion (2x10* conidia/ml) on the second leaf of
each plant. Experimental plants were initial-
ly incubated for 48h at 20°C, in darkness and
under high humidity (> 90 %). Subsequent-
ly, they were placed in a growth chamber at
22 + 1°C (day) and 17£1°C (night) with a 12-h
photoperiod and 80-90% relative humidity.
Fourteen days after inoculation, disease in-
cidence was assessed and expressed as per-
centage of inoculation sites per leaf devel-
oping lesions (one lesion = 20%, 2 lesions =
40%, 3 lesions = 60%, 4 lesions = 80% and 5
lesions = 100%) (Fig. 1).

Estimation of rhizobacterial populations
on barley roots

One gram of roots was collected from
the rhizobacteria-treated barley genotypes
28 days after sowing and prior to their in-
oculation with C. sativus. Then, roots were
washed with sterilized distilled water and
crushed in sterilized pestle mortar with 2 ml
sterilized distilled water to release the bac-
teria from tissues. One ml of the root solu-
tion was added to test tube containing 9
ml of 0.85% NaCl, and successive serial dilu-
tions were prepared. Aliquots of 100 pl from
dilution tubes were spread onto Luria-Ber-
tani (LB) agar medium Petri dishes and incu-
bated at 28°C for 1-2 days. Bacterial popula-
tions were estimated as CFU/g of roots.

Testing leaves for the presence of
rhizobacteria

Small leaf samples were excised from
rhizobacteria-treated plants. The samples
were surface sterilized with 5% sodium hy-
pochlorite for 3 min and washed three times
(for 3 min each time) with sterilized distilled
water. Samples were left to dry on sterile fil-
ter paper. Then they were transferred under
aseptic conditions onto Petri dishes contain-
ing LB agar medium. The dishes were incu-
bated for 72 h at 28+1°C in the dark.
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Assessment of growth of rhizobacteria-
treated barley plants

Six weeks after sowing, the experimen-
tal barley plants were harvested and plant
growth parameters, such as plant height
(measured from the soil level to the top of
the main plant stem), number of leaves, wet
weight (measured on the above soil level
plant parts) and dry weight (above soil lev-
el plant parts were dried at 65°C for 48h and
weighted), were recorded.

Statistical analysis

Statistical analyses were performed us-
ing STAT-ITCF programme at 0.05 signifi-
cance level (P=0.05) (Anonymous, 1988).
Data were subjected to analysis of variance
(ANOVA) for the determination of differenc-
es in the means between treatments. Differ-
ences between means were tested for sig-
nificance using the Student-Newman-Keuls
Test.

Results

Resistance induced by rhizobacterial
strains in barley plants

The results showed that all tested rhizo-
bacterial strains (P. putida BTP1 and B. subti-
lis Bs2500, Bs2504, and Bs2508) used in this
study exhibited a protective effect on barley
genotypes Arabi Abiad, Banteng and WI2291
against C. sativus. There was a significant dif-
ference among these strains concerning

their ability to increase the resistance level
in barley. However, P. putida BTP1 and B. sub-
tilis Bs2508 strains were the most effective,
as they significantly reduced the mean dis-
ease incidence on the three genotypes by
53 and 38%, respectively, compared to the
control plants (Table 1). In addition, a signif-
icant difference was observed between bar-
ley genotypes used in this study. Banteng
was the least susceptible genotype, while
WI2291 and Arabi Abiad were very suscepti-
ble (Table 1). Moreover, of all the three gen-
otypes tested, Arabi Abiad and Banteng
were the most and the least responsive gen-
otypes to rhizobacterial strains, respective-
ly (Table 1). More specifically, the disease in-
cidence in Arabi Abiad plants treated with
BTP1 Bs2500, Bs2504, and Bs2508 strains de-
creased by 58, 41, 27 and 50%, respective-
ly, as compared to control plants, whereas
in Banteng plants, the disease incidence de-
creased by 41, 10, 13 and 15%, respectively,
as compared to control plants (Table 1).

The density of the rhizobacterial popu-
lation on the roots of the experimental bar-
ley plants ranged between 2.2 and 11.1x10°
CFU/g of roots (Table 2), which shows that
the rhizobacterial strains were readily estab-
lished and maintained on barley roots. Fur-
thermore, the present study showed that
the rhizobacteria did not migrate from the
roots to the leaf tissues, as no rhizobacteria
were isolated from the plant leaves. There-
fore, the inducing agent and the phyto-
pathogen remained localized on different

Table 1. Effect of rhizobacterial strains of Pseudomonas putida (BTP1) and Bacillus subtilis
(Bs2500, Bs2504 and Bs2508) on the disease incidence (%) on barley genotypes Arabi Abiad,
Banteng and WI2291 inoculated with Cochliobolus sativus.

Disease incidence (%)
Treatment Mean
Arabi Abiad Banteng WI2291
Control* 70.4%* + 3.8 a*** 31.2+3.8a 744+56a 58.7+34a
BTP1 296+3d 184+3.2b 35.2+3.7d 27.7+21d
Bs2500 41.6 +4.3 bc 28 +3.5ab 60 +4.2 bc 43.2+27b
Bs2504 51.2+3.7b 27.2+t3.8ab 576 £ 4.4 bc 453+27b
Bs2508 35.2+3.3cd 26.4+ 3.6 ab 48 +3.8¢C 36.5+23c

* Plants inoculated with C. sativus and not treated with rhizobacteria

** Mean of 6 replicates

*** Means followed by the same letters do not differ significantly at P<0.01 according to Newman-Keul's test
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Table 2. Population density (CFU/g of roots) of rhizobacterial strains Pseudomonas putida
(BTP1) and Bacillus subtilis (Bs2500, Bs2504 and Bs2508) on the roots of barley genotypes Ara-
bi Abiad, Banteng and WI2291, as estimated 28 days after sowing and prior to their inocula-

tion with Cochliobolus sativus.

Population density of rhizobacteria strains
Genotype (CFU/g roots)
BTP1 Bs2500 Bs2504 Bs2508
Arabi Abiad 9.4 1.1 4.2 8.6
Banteng 4.7 10.9 2.2 3.9
WI2291 7.2 4.7 3 8.8

plant organs showing that the disease sup-
pression was due to induction of resistance
in the host plant.

Effect of rhizobacteria on plant growth
parameters

Effect on wet weight

The results showed that all rhizobacte-
rial strains (BTP1, Bs2500, Bs2504, Bs2508)
had a positive effect on the wet weight of
the three barley genotypes (Arabi Abiad,
Banteng and WI2291). Bacterial strains dif-
fered in their effect on the wet weight, but
BTP1 and Bs2508 strains were the most ef-
fective, as they significantly increased the
mean wet weight by 32, 28.8 and 36.2% and
by 22.7, 11.1 and 27.3% in Arabi Abiad, Ban-
teng and WI2291 genotypes, respective-
ly, compared to the control plants (Table 3).
On the other hand, Arabi Abiad genotype
was more responsive to rhizobacterial treat-
ments than the two other genotypes (Ban-
teng and WI2291), as the general effect of
all rhizobacterial strains on wet weight in-
creased by 23.7% in Arabi Abiad genotype
(Table 3).

Effect on dry weight

The results showed that all rhizobacterial
strains (BTP1, Bs2500, Bs2504, Bs2508) had a
positive effect on the dry weight of the three
barley genotypes (Arabi Abiad, Banteng and
WI2291). However, BTP1 and Bs2508 strains
were the most effective, as they significantly
increased the mean dry weight by 27.9, 17.6
and 24% and by 23.3, 8.8 and 18% in Arabi
Abiad, Banteng and WI2291 genotypes, re-

© Benaki Phytopathological Institute

spectively, compared to the control plants
(Table 3).

Effect on plant height

There were significant differences in the
ability of the rhizobacterial strains tested
(BTP1, Bs2500, Bs2504, Bs2508) to increase
the mean plant height of Arabi Abiad, Ban-
teng, and WI2291 genotypes. However,
BTP1 and Bs2508 strains were the most ef-
fective as they significantly increased the
mean plant height by 15.2, 8 and 17.6% and
by 11.7, 7.3 and 13.3% in Arabi Abiad, Ban-
teng and WI2291 genotypes, respectively,
compared to the control plants (Table 3).

Effect on number of leaves

The results showed that all rhizobacteri-
al strains (BTP1, Bs2500, Bs2504, Bs2508) in-
creased significantly the mean number of
leaves of the three barley genotypes (Arabi
Abiad, Banteng and WI2291). However, BTP1
and Bs2508 strains were the most effective,
as they increased significantly the mean
number of leaves by 26, 18.8 and 27.2% and
by 13.7, 6.3 and 17.3% in Arabi Abiad, Ban-
teng and WI2291 genotypes, respectively,
compared to the control plants (Table 3).

Discussion

Several studies reported that some rhizo-
bacterial strains could be used as biocon-
trol agents against pests (Zehnder et al.,
1997; Zehnder et al., 2001; Haas and Défa-
go, 2005; Reglinski, 2009). In the present
work, the protective effect of rhizobacteria
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Table 3. Effect of rhizobacterial strains of Pseudomonas putida (BTP1) and Bacillus subtilis
(Bs2500, Bs2504 and Bs2508) on plant growth parameters of barley genotypes Arabi Abiad,
Banteng and WI2291 inoculated with Cochliobolus sativus.

Genotype Treatment Wet g?'ght Dry weight (g) [Plant height (cm)| No of leaves
Control* 2.69** £ 0.1 c*** | 0.43+£0.01c 376+0.5c¢C 7.3+0.2c
BTP1 3.55+0.1a 0.55+0.02a 43.3+0.7a 9.2+0.3a
Arabi Abiad Bs2500 3.24+01b 0.52 +0.01 ab 40.3+0.7b 7.8 +0.3 bc
rabi Abia
Bs2504 3.22+0.1b 0.48 +0.02 bc 38.4+0.8 bc 7.6 +0.3 bc
Bs2508 3.3+0.1b 0.53+0.01a 42+0.5a 83+0.1b
General effect**** 23.7 20.93 9 12.67
Control* 2.22+01d 0.34+0.01b 314+04b 9.6+0.2b
BTP1 2.86+0.1a 04+0.02a 339+04a 114+03a
Bant Bs2500 23+0.1c 0.36+0.02a 32.2+05b 10+0.2b
anten
9 Bs2504 2.33+0.1c 0.35+0.02b 325+06b 9.7+0.2b
Bs2508 257+01b 0.37+0.01a 33.7+x05a 10.2+0.3b
General effect**** 13.29 8.82 5.33 7.55
Control* 2.82+0.1d 0.5+0.01b 39.8+0.5¢ 81+0.2c
BTP1 3.84+0.1a 0.62+0.02a 46.8+0.6a 10.3+0.3a
W29 Bs2500 3+0.1cd 0.53+0.03b 45+ 0.7 ab 8.8+ 0.2 bc
Bs2504 31+0.1c 0.51+0.03b 414+0.8c 84+0.3cC
Bs2508 3.59+0.1b 0.59+0.02a 451+ 0.6 ab 95+0.2b
General effect**** 19.92 12.5 12 14.19

*Plants infected with C. sativus but not treated with rhizobacteria

** Means of 6 replicates

*** Means followed by the same letters do not differ significantly at P<0.07 according to Newman-Keul's test.
****|ncrease of mean growth of plants treated with different rhizobacterial strains compared to the control

plants.

strains P. putida BTP1 and B. subtilis Bs2500,
Bs2504 and Bs2508 on three barley geno-
types against C. sativus was demonstrat-
ed. Results showed that treatment of barley
seeds with any of the rhizobacterial strains
tested led to a significant reduction in dis-
ease incidence in Arabi Abiad and WI2291
genotypes. However, in the case of Banteng
genotype, a significant reduction in dis-
ease incidence was observed only on plants
treated with BTP1 strain. These results are in
agreement with precedent studies carried
out with the same rhizobacterial strains on
tomato and bean against Botrytis cinereaq,
and on barley against Pyrenophora graminea
(Ongena et al., 2004; Adam et al., 2008; On-
gena et al., 2008; Adam et al., 2017). In vit-
ro studies showed that P. putida BTP1 strain
could not inhibit C. sativus mycelial growth,
which implies that there was no direct an-
tagonism between these two organisms

(rhizobacterium and fungal pathogen) (un-
published data). This is further supported by
precedent work demonstrating that P. puti-
da BTP1 did not excrete any fungitoxic com-
pounds (Ongena et al., 1999). Thus, the resis-
tance induced by BTP1 strain is unlikely to
be related to the production of any antibi-
otic molecule with plant defense-stimulat-
ing activity. In the present study, all rhizo-
bacterial strains used colonized very well
the barley roots (between 2.2 and 11.1 x 10°
CFU/g of roots). These results are in agree-
ment with our precedent studies on tomato,
which showed that P. putida BTP1 cell densi-
ty was 3.0 ( 2.1) x 10° CFU/g on the roots at
the time of inoculation of plants with B. ci-
nerea (Adam et al., 2008). Raaijmakers et al.
(1995) showed that the threshold popula-
tion density of P. putida strain WCS358 and
P. fluorescens strain WCS374 for a significant
suppression of Fusarium wilt of radish was

© Benaki Phytopathological Institute
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approximately 10° CFU/g of roots (Raaijmak-
ers et al., 1995). Previous studies on tomato
and bean (Ongena et al., 2002; Adam et al.,
2008; Ongena et al., 2008) support our re-
sults that rhizobacterial strains are not able
to migrate from the roots to the leaf tissues
through the plant. Thus, both the resistance-
inducing agent and the plant pathogen
seem to remain localized on different plant
organs, indicating that disease suppression
could be due to induction of a systemic re-
sistance phenomenon in the plant. Rhizo-
bacterial strains P. putida BTP1 and B. sub-
tilis Bs2500, Bs2504 and Bs2508 differed in
their protective effect on barley genotypes
Arabi Abiad, Banteng, and WI2291 against C.
sativus. However, P. putida BTP1 and B. sub-
tilis Bs2508 were the most effective strains.
In addition, landrace genotype Arabi Abi-
ad was the most responsive to rhizobacte-
rial treatments with respect to the increase
in resistance compared to Banteng and
WI2291 genotypes. Therefore, there is a po-
tential to increase the level of resistance of
genotype Arabi Abiad to infection by C. sati-
vus by using rhizobacteria. Banteng geno-
type was less susceptible to C. sativus com-
pared to the other two genotypes. Generally,
rhizobacteria strains could induce some re-
sistance mechanism in Banteng genotype.
Our results are in agreement with precedent
studies, which showed that host genotypes
differ in their expression of induced resis-
tance, and that the highly susceptible gen-
otypes were more responsive to induced re-
sistance than the resistant genotypes (Dann
et al., 1998; Resende et al., 2002; Tucci et al.,
2011; Walters et al., 2011a; Cérdova-Campos
etal., 2012; Adam et al., 2017).

On the other hand, our results showed
that rhizobacterial strains stimulated some of
the plant growth parameters (i.e. wet weight,
dry weight, plant height and number of
leaves) under pathogen pressure in all barley
genotypes tested. These results are in agree-
ment with those of Orhan et al. (2006) studies
onraspberry, which showed that colonization
of plant roots and rhizosphere with rhizobac-
terial strains increased significantly the plant
growth in terms of yield, cane length, num-

© Benaki Phytopathological Institute

ber of clusters per cane and number of ber-
ries per cane. Several studies reported that
applying P. fluorescens Pf5 on sugar beet, bar-
ley, corn, blueberry and tomato led to find-
ings similar to those of our studies (De Silva
et al., 2000; Cakmakci et al., 2001; Ataoglu et
al., 2004; Turan et al., 2004). Furthermore, sev-
eral PGPR may affect plant growth through
the production and release of gibberellins
as phytohormones; the growth of red pep-
per plants and alder plants was enhanced by
treatment with some PGPR strains producing
gibberellins (Gutiérrez-Manero et al., 2001;
Joo et al., 2005). Cavusoglu and Kabar (2008)
demonstrated that some plant growth reg-
ulators (PGRs), such as gibberellic acid (GA;),
kinetin (KIN), benzyladenine (BA) and ethyl-
ene (E), overcome the negative effect of salt
stress on percentage of seed germination,
radicle elongation and fresh weight. Previ-
ous studies showed that P. putida BTP1 strain
secretes N-alkylated benzylamine derivative
(NABD), an elicitor who plays an important
role in the elicitation of the ISR phenomenon
in bean and tomato plants against B. cinerea
(Ongena et al., 2008). Thus, we could suggest
that the benzylamine derivative produced by
BTP1 and which is similar to benzyladenine,
might play an important role in stimulation
of the plant growth.

Our studies showed that the effect of P.
putida BTP1 and B. subtilis Bs2508 strains on
stimulation of the plant growth and resist-
ance to C. sativus in barley plants was great-
er than that of the other strains (Bs2500 and
Bs2504). This is in agreement with recent
studies which reported that PGPR could be
used to replace chemical fertilizers/pesti-
cides and to stimulate the growth of toma-
to plants directly or indirectly via availability
of many essential plant nutrients, phytohor-
mones, or through suppression of plant dis-
eases (Ahmed et al., 2017). Several studies
showed that the application of rhizobacte-
rial strains in rice, potato and cotton crops
reduced the incidence of charcoal root rot
(Macrophomina phaseolina), late blight (Phy-
tophthora infestans) and bacterial leaf blight
(Xanthomonas citri pv. malvacearum), respec-
tively. Furthermore, they increased the yield
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compared to untreated plants (Yasmin et al.,
2016; Rizvi et al., 2017; Adrees et al., 2019).
Consequently, the present study investi-
gated for the first time the effect of rhizo-
bacteria on induction of resistance and
promotion of plant growth on three bar-
ley genotypes. Induced resistance by seed
treatment with PGPR is considered one of
the most important biocontrol methods
against diseases, especially for crops that
are grown over large areas. Finally, more re-
search is needed to determine the effects
of PGPR strains on barley plants under field
conditions and on the defense mechanisms
responsible for resistance to C. sativus.

The author thanks the Director General of
Atomic Energy Commission of Syria (AECS) and
the Head of Department of Molecular Biology
and Biotechnology for their help throughout
the period of this research. He also thanks Prof.
P. Thonart and Dr. M. Ongena (University of
Liége) who provided the rhizobacterial strains
and Dr. M.I.E. Arabi (AECS) who provided the
Cochlibolus sativus isolate Pt4 and the seed of
the three barley genotypes.
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Enidpaon oteAexwyv pi{ofaktnpiwv ctnv emaywyn
avOeKTIKOTNTAC YOVOTUTTWY KPLBaplov evavtiov Tou poknta

Cochliobolus sativus

A. Adam

NepiAnyn H evioxuon tou emmédou avtoxnc Twv euTWV amd ta piloBaktrhpla éxel anodeiybei oe
TMOANG mMaBoouoTAPATA. ZTNV Tapouod HEAETN OlepeuvABNKE N IKAVOTNTA TEOOAPWY oTeAEXWV pLlo-
Baktnpiwv (Pseudomonas putida BTP1 kat Bacillus subtilis Bs2500, Bs2504 kai Bs2508) va mpodyouv thv
avantuén o€ TpEIC YovoTUTouC KplBaplol Kal va Ta TPOCTATEVOLV EVaVTL TOU GuToTaBoyovou PUKN-
1a Cochliobolus sativus. Ta amoteAéopatd pag €dei§av 6Tt OAa ta ateéxn pilofaktnpiwv mou dokiud-
oTNKav €iyav mPooTATEVTIKNA £Midpacn oTtoug yovotumoug kpiBaplov Arabi Abiad, Banteng kat WI2291.
Qo10600, Ta 0TENéXN P. putida BTP1 kat B. subtilis Bs2508 tav ta mo amoteA\eopatikd kabooov peiw-
oav Tn ouxvéTNTa TG aoBévelag katd 53 kat 38% (péon emidpaon), avtiotoixa. Amé Tnv dAAn mAgupd,
ump&av oNUAVTIKES Slapopég PeTall Twv yovoTUmwy KiBaptov mou déxtnkav tnv enéuPaocn pe pilo-
BakTtrpla w¢ mpoc¢ S1AQoPEC MAPAUETPOUC AVATITUENC TWV PUTWY, OTTWC TO VWO Bapog, To Enpod Pd-
P0G, TO UPOG TWV PUTWV Kal 0 ApPIBUOG TwV PUAAWV. To 0TéNeXOG P. putida BTP1 Atav To 1o amotele-
OMATIKO KaBAooV aUEnoe ONUAVTIKA TNV avAnmTuén Twv QUTWV Katd 15-32%. EmmAéov, ol eumabeic 0To
naBoydvo yovotumol KpiBaptov Arabi Abiad kat WI2291 epgpdvicav tnv KaAUTepn avtamokplon ota
pilofaktnpla. AuTd ONUAivel OTL Ol CUYKEKPIUEVOL YOVOTUTIOL £X0UV UPNAG SUVAUIKO Yl auénon TG
avTOxNG TOUG 0To MaBoyovo Kat evioxuon TnG avamtu€ng Toug petd amd epappoyn pilofaktnpiwv. Q¢
€K TOUTOU, N EMépPaon og omépouc KpIBaplov pe ta mapamavw pilofaktrpla urmopei va BewpnBei w¢
Ml amoTEAEOUATIKEA UEBOOOC BIOAOYIKAC AVTILETWTTIONC TOL QuToTTaboyovou poknta C. sativus.
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The scale insect Coccus pseudomagnoliarum (Kuwana)
(Hemiptera: Coccomorpha: Coccidae) on citrus in Greece

G.J. Stathas™ and Ch.F. Karipidis?

Summary Phenology and parasitism of the scale insect, Coccus pseudomagnoliarum (Kuwana) (Hemi-
ptera: Coccomorpha: Coccidae), infesting Citrus sinensis (Rutaceae), were studied in Papagou area, in
northeastern Athens, from June 2015 to June 2017. Coccus pseudomagnoliarum is a univoltine, vivipa-
rous, parthenogenetic species. It overwintered as settled 1*instar nymph on the shoots of the trees.
The 2" instar nymphs appeared between the beginning of April and the end of May, and the mature
females were recorded from the beginning of May until the middle of June. The crawlers appeared be-
tween the middle of May and the middle of June and the 1 instar nymphs settled on the shoots at
the end of May, where they remained during the whole summer period, winter, until the beginning of
April next year. Parasitism of the scale was recorded between the beginning of May and the middle of
May and reached a maximum rate of 35%. The recorded parasitoid species were Coccophagus shillon-
gensis Hayat and Singh (Hymenoptera: Aphelinidae), Coccophagus spp. and Metaphycus dispar (Mercet)

(Hymenoptera: Encyrtidae).

Additional keywords: Coccus pseudomagnoliarum, Coccidae, Greece, parasitism, phenology

Introduction

The citricola scale Coccus pseudomagno-
liarum, has been recorded in Greece and in
other regions of the world such as Ameri-
ca (Arizona, California, Maryland), Australia,
Azerbaijan, Croatia, Cyprus, France, Georgia,
Iran, Israel, Italy, Japan, Korea, Russia, Sici-
ly, Slovenia, South Spain, Syria, Turkey and
Turkmenistan (Garcia Morales et al., 2019).
Its host plants belong to the families:
Apocynaceae (Nerium oleander L.), Berberi-
daceae (Berberis L.) Cannabaceae (Celtis aus-
tralis L., C. occidentalis L., C. sinensis Pers.),
Juglandaceae (Juglans regia L.), Lauraceae
(Laurus nobilis L.), Lamiaceae (Clerodendrum
trichotomum Thunberg), Lythraceae (Puni-
ca granatum L.), Myrtaceae [Acca sellowiana
(Berg) Burret], Rhamnaceae (Rhamnus pal-
lasii Fischer and Meyer), Rutaceae (Citrus au-
rantium L., C. limon (Linn.) Burm, C. paradisi
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Food, University of the Peloponnese, GR-241 00 Ka-
lamata, Greece.

2 Department of Agriculture, School of Agriculture,
University of loannina, GR-471 00 Arta, Greece.
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Macfad, C. reticulata Blanco, C. trifoliata (L.),
Phellodendron amurense Rupr.), Tamaricace-
ae (Tamarix L. sp.) and Ulmaceae (UImus L.
sp., Zelkova serrata Thumb.) (Garcia Morales
etal., 2019).

Although C. pseudomagnolarum is not
considered an important insect pest, in
some countries serious damages are re-
ported on citrus, recording high infestation
densities of the scale. It has been referred
as one of the most serious pest in the early
1990's on citrus in USA, Arizona and Califor-
nia [(Quayle, 1938; Kennett, 1988) in Trumble
etal., 1995], but it was largely constrained in
the 1940's due to applications of DDT and
subsequent organochemical insecticides
(Elmer et al. 1980). Its economic importance
increased later again, because these insec-
ticides lost their effectiveness due to resis-
tance development (Trumble et al., 1995).
Dreistadt (1996) studied the scale during
1991-1994 in USA, California and found that
females and crawlers on Chinese hackberry
Celtis sinensis (Cannabaceae) on untreated
trees increased each year in comparison to
previous years. The citricola scale was 5-25
times more abundant than the Parthenole-
canium species combined: Parthenolecani-
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um corni (Bouché), P. pruinosum (Coquillett)
and P. cerasorum (Cockerell) (Hemiptera:
Coccidae).

The citricola scale completes one gen-
eration per year in several countries, as in
USA (California) (Gill, 1988), Greece (Argyri-
ou and loanides, 1975), Israel (Ben-Dov,
1980) and Australia (Smith et al., 1997). Gill
(1988) reports that although males have
been mentioned in bibliography, their actu-
al existence is questionable and the scale re-
produces parthenogenetically laying up to
2,000 eggs per female over a 1-2 month pe-
riod. It is mentioned as an oviparous species
overwintering at the stage of nymph (Gill,
1988; Argyriou and loannides, 1975).

The main natural enemies of C. pseu-
domagnoliarum, are many hymenopteran
parasitoids species belonging to the fam-
ilies: Aphelinidae, Encyrtidae, Eulophidae
and Pteromalidae (Garcia Morales, et al.,
2019; Mohamed et al., 2012).

In Greece, the citricola scale was record-
ed by De Lotto (1973) by the synonym Coc-
cus aegaeus De Lotto, who found the scale
on citrus in the island Rhodes in 1972. After
its first record, Argyriou and loannides (1975)
and Argyriou (1983) reported the presence
of the scale in Greece, in Aegean islands
Astypalaea and Chios on Citrus spp. Many
years later, Japoshvili and Stathas (2017), re-
corded the citrocola scale in Athens on cit-
rus, recording new parasitoid species for Eu-
rope infesting the scale. In the present study
additional data are provided for the scale,
concerning its biology, phenology and nat-
ural enemies in Greece. These data will con-
tribute to enrich the existing information
of citricola scale in Greece, since no further
study on the scale was conducted in Greece
during the last 40 years.

Materials and methods

The phenology and parasitism of Coccus
pseudomagnoliarum were studied on in-
fested Citrus sinensis (Rutaceae) in Papa-
gou area, in northeastern Athens, from June
2015 to June 2017. Samples of fifteen infest-

ed shoots, 15 cm long, were taken every 15
days and were transferred in plastic bags
to the laboratory, where examined under
the stereoscope. The number of each de-
velopmental stage of the scale, the parasit-
ized scales and the scales with encapsulated
eggs of parasitoids were recorded. As para-
sitized were counted the scales containing
parasitoids’ larvae or nymphs and the scales
with parasitoid exit holes. In each sampling,
the number of each developmental stage
of the scale, the parasitized scales and the
scales containing encapsulated eggs of par-
asitoids were expressed as percentage (%)
of the total number of scales.

The parasitized scales were kept in cy-
lindrical plastic cages (diameter 3cm, hight
4cm, covered by organtin) under controlled
conditions in incubators in the laborato-
ry (temperature 25+1°C, R.H. 65+2% and 16
hours light/day), until the emergence of the
parasitoid adults.

The identification of the scale was made
in the Laboratory of Entomology and Agri-
cultural Zoology of the Technological Edu-
cational Institute of Peloponnese, using the
key of Gill (1998). The species of the scale
was confirmed by Professor Giuseppina Pel-
lizzari (Dipartimento di Agronomia, Animali,
Alimenti), University of Padua, Italy. The par-
asitoid species were identified by Professor
George Japoshvili, (Institute of Entomology,
Agricultural University of Georgia, Thilisi).

Results

Coccus pseudomagnoliarum completed one
generation per year. It is a parthenogenet-
ic species, because no male larva, nymph or
adult was recorded in the examined sam-
ples; it is viviparous because no egg or cho-
rion of egg was found under the examined
females during the present study. It over-
wintered as settled 1% instar nymph on the
shoots of the trees (Fig. 1b). The 2" instar
nymphs appeared between the beginning
of April and the end of May (Fig. 1c), and the
mature females were recorded from the be-
ginning of May until the middle of June (Fig.
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1d, e). The crawlers appeared between the
middle of May and the middle of June (Fig.
1a) and the 1% instar nymphs settled on the
shoots at the end of May, where they re-
mained during the whole summer peri-
od, winter, until the beginning of April next
year. (Fig. 1b).

Parasitism of the scale was recorded to
occur between the beginning of April and
the middle of June in both years of the study,
mainly on 2"¥instar nymphs and less on pre-

1 a
80 | crawlers ( )
60
% |
40 -
N " A N
0
JIJASOONDJFMAMIJJ)ASONDIJFMAM)J
settled 1stinstar nymphs (b)
100 -
80
60 -
% 40
20 -
¢ r—r—-r-r—r—rr—r—r—rb—r—r—rrr—rrrrrr
JJﬁSODNDJFMAMJJASONDJFM&MJ
100 - 2nd instar nymphs
&0 4
% 21
40 4
20 -
0
JJASOONGJFMRMJIRSGNDJFMRMJ
100 pre-ovipositing female adults (d)
30 .
60 -
% a0
5 IS
0 AN A
1 1JASOONDIFMAMI] J ASOND]I FMAM )
100 -
- (e)
80 - ovipositing females
60 -
%
40 o
20 -4

JIJASOONDIFMAMIJ JASONDIJFMAM)I

— parasitized === encapsulated {f)

30
% 20
10
0+ T

JJASOONDIFMAMI JASONDIJ FMAM]
2015 2017

Figure 1. Percentage of developmental stages of Coccus
pseudomagnoliarum, parasitism and encapsulation of the
scale (associated parasitoid species Coccophagus shillongensis,
Coccaphagus spp., Metaphycus dispar) on Citrus sinensis in Pa-
pagou, Athens, from June 2015 to June 2017.
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ovipositing females (Fig. 2). The highest par-
asitism rate reached 35% at the end of May
2017. The recorded parasitoid species were:
Coccophagus shillongensis Hayat and Singh
(Hymenoptera: Aphelinidae) (Fig. 3), and
Metaphycus dispar (Mercet) (Hymenoptera:
Encyrtidae). In addition, Coccophagus spp.
were found. Scales with encapsulated eggs
of parasitoids were found between the be-
ginning of April and the end of May in both
years and reached a maximum of 13% in
the middle of May 2017 (Fig. 1f). Encapsula-
tion was recorded mainly on the 2" instar
nymphs of the scale, which contained 1 to 6
encapsulated eggs (Fig. 4).

Figure 2. Coccus pseudomagnoliarum on Citrus sinensis: (a)
preovipositing females; (b) parasitized scales.

Figure 3. Parasitoid Coccophagus shillongensis: (a) adult; (b) in
parasitized nymph of Coccus pseudomagnoliarum.
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e
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Figure 4. Encapsulated eggs of parasitoids (associated par-
asitoid species Coccophagus shillongensis, Coccophagus spp.,
Metaphycus dispar) by second instar nymphs of Coccus pseudo-
magnoliarum.

Discussion

The voltinism found for C. pseudomagnoliar-
um (one generation per year) in this study
coincides with the findings for the scale in
other studies, on the Greek island of Rho-
des (Argyriou and loannides, 1975), in Is-
rael (Ben-Dov, 1980) and in California (Gill,
1988).

According to the present study, females
reproduce parthenogenetically as also re-
ported by Ben-Dov (1993) and Garcia Mo-
rales et al. (2019). Gill (1988) refers that males
have been mentioned in the literature but
their actual existence is questionable at the
time.In the present study the scale appeared
to be viviparous, because no eggs or chori-
on of eggs was found under the examined
scales during both years of the study. Argyri-
ou and loannidis (1975) reported oviposition
by females and empty eggs after hatching
of crawlers. Similarly, Gill (1988) stated that
the crawlers hatch immediately from the
eggs or over a period of several days.

Coccus pseudomagnoliarum was found
parasitized by C. shillongensis, M. dispar and
Coccophagus unidentified species at the lo-
cation near Athens. This record of C. shillon-
gensis has actually been the first one in Eu-
rope (Japoshvili and Stathas, 2017). Argyriou
and loannides (1975) have reported Coc-
cophagus licimnia Walker (Hymenoptera:
Aphelinidae) and Metaphycus sp. near insidi-
osus Mercet (Hymenoptera: Encyrtidae) with
a maximum parasitism rate of 25% on the
Greek island of Rhodes as well as the pred-

ators Chilocorus bipustulatus L. and Exocho-
mus quadripustulatus L. (Coleoptera: Coc-
cinellidae).

Encapsulation of parasitoid eggs by C.
pseudomagnoliarum is related to the spe-
cies C. shillongensis, M. dispar and Coccopha-
gus spp. Tena and Garcia-Mari (2008) report
high encapsulation levels of Metaphycus hel-
volus (Compere) (Hymenoptera: Encytridae)
by the citricola scale on citrus in Spain, once
the scale length reaches 2 mm at the end of
spring, which reduce the efficiency of the
parasitoid. A further study on the ecology
of the recorded parasitoid species is consid-
ered important in order to clarify the contri-
bution of each parasitoid species to the to-
tal parasitism of the scale, the relationship
among the parasitoid’s population and the
influence of encapsulation on each species.

The authors express their gratitude to Profes-
sor Giuseppina Pellizzari for the confirmation
of Coccus pseudomagnoliarum and to Profes-
sor George Japoshvili for the identification of
the parasitoids.
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To KokKo&16é¢ évtopo Coccus pseudomagnoliarum (Kuwana)
(Hemiptera, Coccomorpha, Coccidae) o eonmepidoeidny otnv
EANGOa

[l. ZtaBdag kat X.0. Kapumidng

NepiAnPn  MeletriBnke n @avoloyia Kat 0 TAPACITIOUOC TOU KOKKOEISOUG evtdpou Coccus pseu-
domagnoliarum (Kuwana) (Hemiptera: Coccomorpha: Coccidae), oe mpoofoAég eonepidocidbwv Citrus
sinensis (Rutaceae), katd tnv mepiodo louviou 2015 - louviou 2017, 010 BopeloavaTtolikd mpodoTio Ma-
nédyou tng ABrvag. To C. pseudomagnoliarum cupmAnPWVEL pia yeved To €10, gival idog {(woToKo Kal
napBevoyeveTikd. Alayeipace w¢ otabepomoinBeioa vouen 1" nAikiag emi Twv mpooBePAnuévwy BAa-
otwv. O1 vOugeg 2™ nAikiag mapatnerdnkav amo Ti¢ apxéc Anpihiou éwg Ta TéAn Maiou Kal Ta wplpa
BnAea amo ¢ apxéc Maiou péxpt Ta péoa louviou. Epmoucec mapatnprOnkav and ta péoa Maiou éwg
HéxpL Ta péoa louviou kal ol otabepomnoindeioeg vougec 1M nAikiag mepi ta péoa Maiou, dmou mapépel-
vav 010 01ad10 autd emi Twv PAaoTwv KaB' OAn TN Bepivry Kat XelpepIvA TePiodo, PEXPL TIC apXES ATpl-
Aiou Tou emdpevou £Touc. MapaotTIoNOG Tou KOKKOEIGOUG mapatnprOnke amd TIC apXES wg Ta péoa
Maiou kat aviABe o€ mocoatd 35%. Ta €idn Twv mapacttoeldwv mou Bpébnkav ntav ta Coccophagus
shillongensis Hayat and Singh (Hymenoptera: Aphelinidae), Coccophagus spp. ka1 Metaphycus dispar
(Mercet) (Hymenoptera: Encyrtidae).

Hellenic Plant Protection Journal 13: 93-97, 2020

© Benaki Phytopathological Institute



Hellenic Plant Protection Journal
Volume 13, 2020 Contents

A. Afonin, B. Kopzhassarov, E. Milyutina, E. Kazakov, A. Sarbassova

and A. Seisenova

Prototype Spatio-temporal Predictive System of pest

development of the codling moth, Cydia pomonella, in Kazakhstan 1-12

A. Sumbul and I. Mahmood

Interactive effect of Meloidogyne incognita and Macrophomina

phaseolina on the development of root-rot disease complex in

relation to growth and physiological attributes of chickpea 13-23

A. Archidona-Yuste, C. Cantalapiedra-Navarrete,

J.E. Palomares-Rius, P. Castillo and E.A. Tzortzakakis

Plant-parasitic nematodes associated with cultivated and wild

olive trees in Crete, Greece 24-28

E.G. Badieritakis, A.A. Fantinou and N.G. Emmanouel

A qualitative and quantitative comparison of mite fauna between

bifenthrin-treated and non-pesticide treated alfalfa hay fields in

Central Greece 29-41

A. Michaelakis, E. Anastasaki, P.G. Milonas, D.P. Papachristos,

D. Kontodimas, C.M. Pontikakos, D.G. Raptopoulos, N.A. Babilis

and M.A. Konstantopoulou

Efficacy of communication disruption of Thaumetopoea pityocampa

(Lepidoptera: Thaumetopoeidae) with low pheromone formulation 42-53

M.E.A. Bendaha and H.A. Belaouni
Effect of the endophytic plant growth promoting Enterobacter
ludwigii EB4B on tomato growth 54-65

C.A. Moraiti, G.A. Kyritsis and N.T. Papadopoulos

Effect of the olive fruit size on the parasitism rates of Bactocera

oleae (Diptera: Tephritidae) by the figitid wasp Aganaspis daci

(Hymenoptera: Figitidae), and first field releases of adult

parasitoids in olive grove 66-77

A.R. Gongalves, I.L. Conceicao, M. Kormpi and E.A. Tzortzakakis

Lavandula angustifolia and Oxalis pes-caprae, hosts of

Meloidogyne hapla and Meloidogyne javanica - A note for

Meloidogyne luci in Greece 78-82

© Benaki Phytopathological Institute



A.Adam
Effect of rhizobacteria strains on the induction of resistance in
barley genotypes against Cochliobolus sativus 83-92

G.J. Stathas and Ch.F. Karipidis
The scale insect Coccus pseudomagnoliarum (Kuwana) (Hemiptera:
Coccomorpha: Coccidae) on citrus in Greece 93-97

© Benaki Phytopathological Institute



Hellenic Plant Protection Journal

Topoc 13, 2020 Mepiexopeva

A. Afonin, B. Kopzhassarov, E. Milyutina, E. Kazakov, A. Sarbassova
Kat A. Seisenova

MPWTSTUTIO GUOTNUA XWPO-XPOVIKAE TTPOYVWONG TNG avATTuénG TNG
kapmokayag tng unAag, Cydia pomonella, oto Kalakotav

A. Sumbul kat I. Mahmood

ANMNAemidpaon peta&u tou kopPovnuatwdn Meloidogyne incognita kai
TOU pUKNTa Macrophomina phaseolina oTtnv eu@Avion Tou GUUTTAOKOU
NG acBévelag “onPn Twv pllwv” og ox€on UE TNV AVATTTUEN Kal Ta
(PUOIOAOYLKA XAPAKTNPLIOTIKA TWV QUTWV PePIBI00

A. Archidona-Yuste, C. Cantalapiedra-Navarrete, J.E. Palomares-Rius,
P. Castillo kat E.A. T{wpTt{akdakng

Outonapacttikoi vuatwdelg otn pildopalpa KAAAEPYOUPEVNG ENIAC
Kal aypleAag otnv Kpntn

E.l. Mmadiepitdkng, A.A. ®avTtivou kat N.I. EupavounA
MoL0TIKN KAl TTOCOTIKH OUYKPLON TNG akapeomavidag o€ UNSIKEWVEC
ME 1 xwpic emépPaon pe bifenthrin

A. MixanAdkng, E. Avactacakn, N.I. MuAwvag, A.M. NManaxpriotog,

A. Kovtodnpuag, K.M. NMovtikakog, A.l. Pamrténmoulog, N.A. MmapmiAng
Kat M.A. KwvotavtomouAou

ATIOTEAECPATIKOTNTA TNE TTAPEUTTOSIONC ETTIKOIVWVIAC TNE TIITUOKAUTING,

Thaumetopoea pityocampa (Lepidoptera: Thaumetopoeidae), e xaunAng

OUYKEVTPWONG PEPOUOVN GUAOU

M.E.A. Bendaha and H.A. Belaouni
Emidpaon epappoyric tou evéoputikou aktnpiou Enterobacter
ludwigii EB4B otnv mpowBnon tng avantuéng uUTWV TOPATAG

K.A. Mwpaitn, IA. Kupitong kat N.T. Mamadomoulog

Emidpaon tou pey£Boug Tou EAAIOKAPTIOU GTOV TTAPACITIOUS TOU
Bactocera oleae (Diptera: Tephritidae) amd 1o mapacitoldég
Aganaspis daci (Hymenoptera: Figitidae) kat mAotikr e§amdAuon
TOU TMapacttoeldolg o eAalwva

© Benaki Phytopathological Institute

1-12

13-23

24-28

29-41

42-53

54-65

66-77



A.R. Gongalves, I.L. Conceicao, M. Koppmn kat E.A. T{wpt{akakng
Lavandula angustifolia kai Oxalis pes-caprae, £eVIOTEC TWV
kouBovnuatwdwv Meloidogyne hapla kot Meloidogyne javanica -

Y nueiwon ya tov Meloidogyne luci otnv EANGSa 78-82
A.Adam

Enidpaon otehexwv pi{oBaktnpiwv otnv EMaywyr avOeKTIKOTNTAG

yovoTUTIwV KplBaplov evavTtiov tou puknta Cochliobolus sativus 83-92

I.I. Zta0a4¢ kat X.O. Kapimiéng
To kokkoelbég évTopo Coccus pseudomagnoliarum (Kuwana)
(Hemiptera, Coccomorpha, Coccidae) oe eomeptdoeldry otnv EANGSa 93-97

© Benaki Phytopathological Institute



Touocg 13, Tevuxog 2, lovAIog 2020
ISSN 1791-3691

Meprexopeva

M.E.A. Bendaha and H.A. Belaouni
Emidpaon epappoyrig tou evéopuTikou Paktnpiou Enterobacter
ludwigii EB4B otnv mpowBnon tng avantuéng utwv TopdTag

K.A. Mwpaditn, IA. Kupitong kat N.T. Mamaddémoulog

Emidpaon tou puey£éBoug Tou EAAIOKAPTIOU OTOV TTAPACITIOUO TOU
Bactocera oleae (Diptera: Tephritidae) and 1o mapaocitoeidéc
Aganaspis daci (Hymenoptera: Figitidae) kat mAotik e€amdéAuon
TOU TTAPACITOEISOUC O EAAlWVA

A.R. Gongalves, I.L. Conceicao, M. Kopumr kat E.A. TCwptlakdkng
Lavandula angustifolia kai Oxalis pes-caprae, £eVIOTEC TWV
kouBovnuatwdwv Meloidogyne hapla kot Meloidogyne javanica -
> nueiwon ya tov Meloidogyne luci otnv EAAGSa

A. Adam
Enidpaon otehexwv pi{oBaktnpiwv otnv EMaywyn avOeKTIKOTNTAG
yovoturnwv kpiBaplov evavtiov tou puknta Cochliobolus sativus

[l. ZtaBdag kat X.O. Kapuridng
To kokkoeldég évtopo Coccus pseudomagnoliarum (Kuwana)
(Hemiptera, Coccomorpha, Coccidae) o eomepidoeidry otnv EANGSa

Meplexopeva Tépou 13 (2020)

54-65

66-77

78-82

83-92

93-97

Hellenic Plant Protection Journal
© Benaki Phytopathological Institute

www.hppj.gr



Volume 13, Issue 2, July 2020
ISSN 1791-3691

Contents

M.E.A. Bendaha and H.A. Belaouni
Effect of the endophytic plant growth promoting Enterobacter
ludwigii EB4B on tomato growth

C.A. Moraiti, G.A. Kyritsis and N.T. Papadopoulos

Effect of the olive fruit size on the parasitism rates of Bactocera
oleae (Diptera: Tephritidae) by the figitid wasp Aganaspis daci
(Hymenoptera: Figitidae), and first field releases of adult
parasitoids in olive grove

A.R. Gongalves, I.L. Conceicao, M. Kormpi and E.A. Tzortzakakis
Lavandula angustifolia and Oxalis pes-caprae, hosts of
Meloidogyne hapla and Meloidogyne javanica - A note for
Meloidogyne luci in Greece

A. Adam
Effect of rhizobacteria strains on the induction of resistance in
barley genotypes against Cochliobolus sativus

G.J. Stathas and Ch.F. Karipidis

The scale insect Coccus pseudomagnoliarum (Kuwana) (Hemiptera:

Coccomorpha: Coccidae) on citrus in Greece

Contents of Volume 13 (2020)

54-65

66-77

78-82

83-92

93-97

[euInof UoI3da304d Jueld dludjieH

© Benaki Phytopathological Institute

www.hppj.gr



	EXOFILO 1-2
	Hellenic Plant Protection Journal -10465-Volume13_Issue2_06_paper
	Hellenic Plant Protection Journal -10465-Volume13_Issue2_07_paper
	Hellenic Plant Protection Journal -10465-Volume13_Issue2_08_paper
	Hellenic Plant Protection Journal -10465-Volume13_Issue2_09_paper
	Hellenic Plant Protection Journal -10465-Volume13_Issue2_10_paper
	Hellenic Plant Protection Journal - Volume Contents (July 2020)
	EXOFILO 3-4

