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Effect of several rhizobacteria strains on barley resistance
against Pyrenophora graminea under field conditions

A. Adam*, M.I.E. Arabi, I. Idris and E. Al-Shehadah

Summary The effect of Pseudomonas putida BTP1, Bacillus subtilis Bs2500, Bs2504, and Bs2508 strains
on the incidence (I) and severity (S) of barley leaf stripe disease caused by Pyrenophora graminea was
evaluated under field conditions. Three barley cultivars varying in resistance level were used. The resis-
tance achieved in our study was long-lasting. P. putida BTP1 and Bs2508 were in general the most effec-
tive strains in reducing significantly both I and S of barley leaf stripe disease vis-a-vis three cultivars in
two growing seasons 2013/2014. The disease was reduced up to 66% in Arabi Abiad treated with P. puti-
da BTP1. The susceptible landrace cultivar Arabi Abiad exhibited a significant induction of resistance
by Bs2508 and BTP1. However, the resistant cultivar Banteng did not exhibit significant further increase
in resistance by these bacterial strains. The grain yield of bacterized plants artificially inoculated with
P. graminea was not affected, except that of the cultivar Arabi Abiad treated with Bs2508 and Bs2504.
Triggering of resistance by treating seeds with the bacterial strains would be of great value in agricul-

ture, especially in case of barley infection by P. graminea at an early stage of plant development.

Additional keywords: Bacillus subtilis Bs2500, Bs2504, Bs2508, Barley leaf stripe, Pseudomonas putida BTP1

Introduction

Biological control, i.e. the use of micro-
bial antagonists to suppress plant diseas-
es, has gained acceptance in recent years.
Among the different microbial species test-
ed for that purpose, several aerobic spore-
forming bacteria possess features that
make them good candidates for use as bi-
ological control agents in the field (Sharma
and Johri, 2003). Plant growth-promoting
rhizobacteria (PGPR) are defined as root-col-
onizing bacteria with the ability to establish
on or in the plant root, to propagate and to
survive, exerting a beneficial effect on plant
growth and development (Choudhary and
Johri, 2009). Many different biological con-
trol agents have been introduced into dif-
ferent planting materials and can protect
plants against various diseases (Bakker et
al., 2007; Adam et al., 2008; Choudhary and
Johri, 2009; De Vleesschauwer and Hofte,
2009; Reglinski and Walters, 2009); in partic-
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ular species belonging to the Pseudomonas
and Bacillus genera have been used, relying
on their different mechanisms to directly an-
tagonize pathogen growth (Haas and Défa-
go, 2005).

The systemic, seed-transmitted (seed-
borne) hemi biotrophic fungus Pyrenopho-
ra graminea Ito & Kuribayashi [anamorph
Drechslera graminea (Rabenh. ex. Schlech.
Shoem.)] (Mathre, 1997) is the causal agent
of leaf stripe disease in barley (Hordeum vul-
gare L.) which often leads to yield reduc-
tions (Porta-Puglia et al., 1986; Arabi et al.,
2004). The fungus survives within the ker-
nelsas mycelium between the paranchymat-
ical cells of the pericarp in the hull, and the
seed coat but not in the embryo (Arru et al.,
2002). During seed germination, the fungal
hyphae begin to grow intercellularly within
the coleorhiza into the embryo structures,
the roots and scutellar node. The pathogen
behaves as a biotroph and degrades host-
cell walls using hydrolytic enzymes without
causing cellular necrosis (Hammouda, 1988;
Haegi et al., 2008). Once infection spreads
into the young leaves, growth switches to
a necrotrophic phase with the production
of a host-specific glycosyl toxin (Haegi and
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Porta-Puglia, 1995) that causes longitudinal-
ly dark brown discoloration of leaves. In sus-
ceptible plants, the disease usually results in
severe stunting, premature death and com-
plete loss of grain (Tekauz and Chiko, 1980).

The vast majority of knowledge about
PGPR has been gathered from studies on
dicots such as cucumber, tobacco, and Ar-
abidopsis (Ramamoorthy et al., 2001). The
knowledge about induced resistance in
monocots remains elusive (Van Loon, 2007;
Vlot et al., 2008). The potential of PGPR to
induce resistance in monocots depends
on the host-PGPR combination and on the
pathogen (De Vleesschauwer et al., 2006).
The efficacy of PGPR in monocots against
necrotrophic pathogens has been demon-
strated in a few cases (Van Wees et al., 2008;
Pinedra et al., 2010).

To improve the field performance and
consistency of biocontrol agents against
Pyrenophora graminea in barley, as a mono-
cot crop, a deep knowledge of the physio-
logical mechanisms on which the biological
control by the known PGPR bacterial strains
Pseudomonas putida BTP1and Bacillus subtilis
strains Bs2500, Bs2504 and Bs2508 rely is im-
portant. The capacity of these strains to in-
duce resistance in several pathosystems has
been proved previously (Ongena et al., 2004;
Ongena et al., 2007; Adam et al., 2008). The
main goal of the present study was to ex-
amine the biological potential of the above-
mentioned four rhizobacterial strains, dif-
fering in lipopeptide production, against
barley leaf stripe disease incidence and se-
verity and also to determine their possible
impact on growth and yield using three bar-
ley cultivars under field conditions.

Materials and Methods

Bacterial strains and growth conditions
The non-pathogenic rhizobacterial strain
Pseudomonas putida BTP1, isolated from bar-
ley roots, was selected for use in this study
as it is a strain with a pyoverdin-mediated
iron system, which is regarded as an enhanc-
er of the colonization and persistence of the

strain in the rhizosphere (Ongenaetal., 2002;
Ongena et al., 2005). P. putida BTP1 and Bacil-
lus subtilis Bs2508, Bs2504, and Bs2500 were
kindly provided by Dr. Philippe Thonart (Wal-
lon Center for Industrial Biology, University
of Liége, Belgium). All bacterial strains were
maintained on King's B medium agar plates
(King et al., 1954) at 4°C before experimental
use, and stored at-80°C in cryotubes accord-
ing to the manufactures’ recommendations
(Microbank; Prolab Diagnostic, Richmond
Hill, Canada) for long term conservation. For
utilization, P. putida BTP1 was grown on Casa-
mino acids (CAA) medium (5 g/l CAA, 0.9 g/I
K,HPO,, 0.25 g/ MgSO, and 15 g/l agar) (On-
gena et al., 2002) for 24 h at 30+1°C. Bacillus
subtilis strains were grown on 868 medium
(20 g/I glucose, 10 g/l peptone, 10 g/l yeast
and 15 g/l agar) (Jacques et al., 1999), and in-
cubated for 24 h at 30+1°C in the dark. Sub-
sequently bacterial cells were collected and
resuspended in 10 mM MgSO, to a final den-
sity of 108 colony- forming units (CFU) per mL
before use.

Fungal isolate and host genotypes

After an extensive screening for more
than fifteen yearsin the field and in our labo-
ratory, isolates of P. graminea have been ob-
tained from barley leaves showing leaf stripe
symptoms in different regions of Syria. The
P. graminea Sy3 strain (P.gSy3) was selected
for use in this study based on morphological
and physiological criteria (virulence). In spe-
cific, this strain had been proven to be the
most virulent isolate to all barley genotypes
available so far (Arabi and Jawhar, 2012a; Ar-
abi and Jawhar, 2012b).

Strain P.gSy3 was cultured on potato
dextrose agar (PDA, DIFCO, Detroit, MI, USA)
with 13 mg/l kanamycin sulphate and incu-
bated for 10 days at 22 + 1°C in the dark to
allow mycelia growth and sporulation. Two
spring barley types [Arabi Abiad (landrace)
and WI 2291(Yield improved cultivar)] and
one winter type (Banteng) were chosen for
their variable reaction to P. graminea rang-
ing from being susceptible to being resis-
tant to this pathogen (Table 1) (Arabi and
Jawhar, 2012a; Arabi and Jawhar, 2012b).
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Table 1. Genotypes and main features of the barley cultivars used in this study.

Proportion of diseased leaves
Genotype Origin Row type? | Growth habit
% Diseases leaves* Disease development
WI2291 Australia 2 Spring barley 96.67 Up to flag leaf
Aarbi Abiad Syria 2 Spring barley 91.33 Up to flag leaf
Banteng Germany 6 Winter barley 1.33 first leaf

x Arabi and Jawhar, 2012(a)
v Arabi and Jawhar, 2012(b)

Seed health test

To determine the health status of the
barley seeds used in this study, random
seed samples (50 seeds) of each cultivar
were taken from protected nursery germ-
plasm, surface- sterilized in 5% sodium hy-
pochlorite solution (NaOCI) for 5 min, rinsed
three times (5 min each) in sterile distilled
water and dried between sterilized filter pa-
per (Arabi et al., 2004). They were plated on
Petri dishes containing PDA medium and in-
cubated for 72 h at 23 = 1°Cin the dark.

Seed inoculation

Seeds were surface-sterilized as previ-
ously described for the seed health test. In-
oculation was carried out using the modified
method of Hammouda (1986). Six hundred
seeds of each cultivar were placed on an
active 8-day-old mycelial culture of P.gSy3
growing on PDA medium in Petri dishes (50
seeds/ Petri dish) and incubated at 6°C for 14
days in the dark. As negative control, seeds
were incubated on PDA medium without
the fungus. To confirm artificial inoculation
of the seeds by the fungus, seeds from the
Petri dishes with the P.gSy3 culture were ran-
domly collected, surface- sterilized as de-
scribed above, placed on PDA medium and
incubated for 72 h, at 23 + 1°C; the seeds
were then examined under a microscope for
the presence of P. graminea.

Field assay to assess resistance induced
by rhizobacteria

One-hundred and fifty inoculated (with
P. graminea) and the same number of non-
inoculated seeds per cultivar (Arabi Abiad,
WI2291 and Banteng) were soaked for 15
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min in each bacterial strain suspension at
a concentration of 108 CFU/ml prior to sow-
ing in the field. The trials were conducted at
a site approximately 20 km west of Damas-
cus (33 29' 37.27" N, 36° 04’ 57.66" E, 1000
m altitude), under natural rain-fed condi-
tions [about 200-250 mm growing season
rainfall conditions (10 December - 30 May)].
Soil temperature was below 9°C in the two
seasons (2013-2014). The experiments were
conducted using a randomized complete
block design with three replicates. Individ-
ual plots were 50 x 50 cm with Tm border.
Each plot consisted of three rows, 25 cm
apart with approximately 17 seeds sown per
row. The experiment was designed to allow
for sampling of individual plants grown from
seeds treated as follows: 1) infection with
P. graminea. 2) infection with P. graminea
and soaking with one of the rhizobacterial
strains. 3) soaking with one of the rhizobac-
terial strains. 4) No infection with P. graminea
and soaking in buffer free from rhizobacte-
ria. Soil fertilizers were drilled before sowing
at a rate of 50 Kg/ha urea (46%N) and 27 Kg/
ha super phosphate (33% P205).

Disease rating

In every field plot, infected (showing leaf
stripe symptoms) and healthy plants were
counted at the heading stage (GS50) (Za-
doks et al., 1974). Plant resistance level was
expressed as the incidence (I) of infection
(number of plants with nonzero severity di-
vided by the total number of plants in a plot)
according to the scale described by Delogu
et al. (1989). Severity (S) was recorded as
the number of infected leaves per plant ex-
pressed as a percentage of the total number
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of leaves per plant. The data for l and S were
analysed using analysis of variance (Student-
Newman-Keuls test), applying the STAT-ITCF
program (Beaux et al., 1988).

1000-kernel weight and yield determi-
nation

All infected and non-infected (negative
control) plants of each plot were harvest-
ed at maturity. Grain yield and 1000-kernel
weight (TKW) were determined on individ-
ual plants.

In vitro antagonistic test

0.1 ml of the suspension of one of the
rhizobacterial strains under study (10® CFU/
ml) was transferred onto the center of: CCA
Petri dishes for P. putida BTP1 and 868 Pe-
tri dishes for B. subtilis Bs2504, Bs2508 and
Bs2500 stains, using sterile pipettes, and
spread cross-wise by sterile glass spreader.
Then mycelial discs of 2 mm diameter of P.
graminea were cut using a sterile cork borer
and placed at 2.5 cm from the center of the
above CCA or 868 medium Petri dishes (4
discs / plate). Mycelial discs on the same me-
dia without bacteria were used as control.
The cultures were incubated at room tem-
perature (25+1°C) in dark for 3-5 days and
the diameter of fungal mycelium growth
was measured. The experiments were re-
peated twice.

Results and Discussion

The rhizobacterial strains used in this study
were in vitro tested for their antagonis-
tic effects against the leaf stripe pathogen
(P. graminea Sy3 strain). The four bacteri-
al strains tested (P. putida BTP1 and B. subti-
lis Bs2500, Bs2504, and Bs2508) showed that
there was no antagonistic effect against P.
graminea compared with the control and
were not able to inhibit pathogen growth.
This resultis supported by the work of Onge-
na et al. (1999) on P. putida BTP1, who found
that this strain does not secrete any fungi-
toxic compounds in vitro on several media.
The effect of the four rhizobacterial

strains on the response against P. gramin-
ea Sy3 of three barley cultivars grown un-
der field conditions during two growing
seasons (2013 and 2014) is presented in Ta-
ble 2. Student-Newman-Keuls test on inci-
dence and severity of barley leaf stripe dis-
ease values (expressed as percentage data)
showed highly significant (P<0.07) main and
interaction effects of cultivar and rhizobac-
terial strain, with no significant differenc-
es among the replicates. This indicates that
both cultivars and rhizobacterial strains dif-
fer in resistance and ability to induce resis-
tance, respectively. Growing season had no
effect on disease severity (S), while had sig-
nificant (P<0.01) effect on incidence (l) (Ta-
ble2). Differences (P<0.07) in mean | and S
values were detected among rhizobacteri-
um and cultivar treatment, with values be-
ing consistently higher in the diseased con-
trols, in both seasons.

Compared with the diseased control,
all bacterial strains had a positive effect in
reducing | and S (main effect, Table 2). The
two spring barley cultivars, Arabi Abiad and
WI2291, were highly susceptible to barley
leaf stripe disease, whereas, the six rows win-
ter barley Banteng was more resistant with
mean values for S and | ranging between
18.6% and 23.8%. Results of the two seasons
were highly correlated (r= 0.98, P<0.007), in-
dicating a similar performance trend for the
cultivars and bacterial strains (Table 2). The
P. putida BTP1and Bs2508 strains were in
general the best in reducing both | and S,
with mean | values 23.1 and 28% and mean
S values 31.8 and 35.1%, respectively. Com-
pared with the diseased control, P. putida
BTP1 showed decreases of 57.5 and 49.4%
for I and S, respectively, for the two seasons
and the three cultivars.

Therewasabarleygenotype (cultivar) dif-
ference in the response to strain treatment.
The susceptible landrace cultivar Arabi Abi-
ad exhibited a significant (P<0.07) induction
of resistance by Bs2508 and P. putida BTP1
treatment with disease incidence decreas-
ing by 64.9 and 66%, respectively (growing
season 2013). The same trend for the Bs2508
and BTP1 strains was observed in the grow-
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ing season 2014 with incidence of disease
reduction of 48 and 56.8% respectively. The
same behavior was noted for this cultivar in
reducing plant severity 50.3 and 59.2% in
2013 and 52.6 and 56% in 2014, respective-
ly. Results obtained for WI2291 indicated the
same trend as those for Arabi Abiad regard-
ing both I and S in the two growing seasons
(Table 2). The resistant winter barley Ban-
teng did not exhibit any significant increase
in its resistance based on incidence or se-
verity of barley leaf stripe disease for the
two seasons, with the exception of a weak
decrease in severity when the cultivar was
subjected to P. putida BTP1 and B. subtilis Bs
2508 treatment in 2013.

The resulting resistance in our assays can
be long lasting with disease reduction rang-
ing from 0 (Banteng/Bs2500) to 66% (Ara-
bi Abiad/BTP1, Table 2), since induced resis-
tance is a host genotype response, and its
expression under field conditions is gener-
ally expected to be influenced by the envi-
ronment. Walters et al. (2013) reported that
understanding the impact of these influenc-
es on the expression of induced resistance is
still poor. Host genotype is known to affect
the expression of induced resistance (Re-
sende et al., 2002; Tucci et al., 2011). Our re-
sults are in agreement with the results found
by Walters et al. (2011b), that expression of
induced resistance varied in spring barley
varieties to Rhynchosporium commune. It
may not be surprising that in our work the
landrace Arabi Abiad was the most respon-
sive cultivar in terms of induced disease re-
sistance under all conditions. Arabi Abiad is
characterized by lower yield level than the
other spring cultivar (WI2291) and showed
a high susceptibility in the control stage,
meaning a high potential for an improve-
ment of its resistance after rhizobacterial
application. Along the same line, the lack of
an induced resistance response in the win-
ter cultivar Banteng should be attributed to
its extremely high level of basal resistance
in its genotype, which simply might not be
improved any more. For a similar reason,
cultivars expressing high basal resistance
were less responsive to Benzothiadiazole

than highly susceptible cultivars in soybean
(Dann et al., 1998) and in barley (Walters et
al, 2011a). Cordova-Campos et al. (2012)
found that basal resistance to Pseudomonas
syringae pathovars was significantly greater
in wild accessions of bean Phaseolus vulgar-
is than in modern cultivars. In a recent work
on barley, Molitor et al. (2011) demonstrated
that following inoculation of powdery mil-
dew infected plant with Piriformospora indi-
ca, there was a priming of powdery mildew
defuse-associated genes at an early stage of
the infection.

Most of previous work was applied in
the field to plants either as foliar sprays or as
root drench. Seed treatments can be partic-
ularly useful, since they can provide protec-
tion to very young plants during germina-
tion and shoot development, particularly in
a systemic seed-borne disease such as bar-
ley leaf stripe, as during seed germination,
the fungal hyphae begin intensive intercel-
lular growth. In our work, the protection
was significantly substantiated by the re-
duced | and S. Priming of induced resistance
by treating seeds would be of great value in
agriculture, especially for crops that are like-
ly to face pathogen attack early in their de-
velopment, such as that of P. graminea.

The cultivars planted during the two
growing seasons of this study varied in re-
sistance to leaf stripe disease. However, a
resistant cultivar may in fact have different
resistance responses to the spread of the
fungus within the infected plants, hence a
wide range of severity values may be ob-
served across cultivars for any given inci-
dence value. It appears that differences in
weather conditions during the two growing
seasons, did not result in any different pat-
terns in the | and S relationship. As shown
in Table 3, the grain yield was not affect-
ed by rhizobacterial strains during the two
growing seasons (2013, 2014), except in the
susceptible landrace cultivar Arabi Abiad,
whose grain yield was increased significant-
ly (P> 0.07) by 48.7 and 33.5% using Bs2504
and Bs2508 respectively. The 1000-Kernal
weight of the three cultivars used in this
study was not positively or negatively in-
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Table 3. Effect of rhizobacteria strains on grain yield (g/plant) of three barley cultivars inoc-
ulated with P. graminea Sy3 during two growing seasons (2013, 2014).

Cultivar/ 2013 2014 .
Treatment | Arabi Abiad Banteng WI2291 Mean | Arabi Abiad Banteng WI2291 Mean Main effect
Control** 4.60c* 3.45a 6.27a 4.77b 4.20a 4.32a 752a  5.35a 4.9b
BTP1 4.85c 5.26a 7.09a 5.74a 4.81a 4.66a 7.78a  5.75a 5.69ab
Bs2500 5.22bc 3.60a 7.21a 5.34ab 4.82a 4.58a 7.26a  5.55a 5.34ab
Bs2508 6.14ab 3.94a 6.45a 5.51ab 5.97a 5.66a 749a  6.06a 5.84a
Bs2504 6.84a 3.82a 6.96a 5.79a 5.97a 4.44a 7.09a 5.72a 5.8a
LSD 0,93 - - 0,66 - - - - 0,53
Mean *B 5.48 C4.02 A6.80 B 5.09 B4.53 A744

Main effect A543 A 5.69

*Means preceded by different capital letters (line) and followed by different small letters (column) differ significantly

at (P<0.01) according to Student-Newman-Keuls test.
**Infected with P. graminea Sy3.

fluenced by any of the rhizobacterial strains
used (Table 4). Our results are in agreement
with the work of Reglinski et al. (1994) on bar-
ley demonstrating that there was no effect
of induced resistance on yield. The expres-
sion of resistance in barley to leaf stripe dis-
ease was not associated with an increase in
grain yield and 1000-kernel weight. In gen-
eral, there was a stability of these two traits.
The data presented here suggest that either
the plants possessed sufficient resources to
support both growth and defense, or they
use resources diverted from growth to de-
fense. This phenomenon has been report-
ed by several workers (Murray and Walters,
1992; Ziadi et al., 2001; Prats et al., 2002; Cor-
dova-Campos et al., 2012). A number of hy-
potheses have been put forth to explain
how plants reallocate resources during the
induction of plant defenses and how in-
duced resistance benefits the overall fitness
of the plant relatively to constitutive de-
fense mechanisms (Ahmad et al., 2010; Cor-
dova-Campos et al., 2012).

In this context, it is interesting to raise
the hypotheses of balance between plant
growth and defense. For that purpose, ex-
periments were conducted under the same
resource-limiting conditions (200-250 mm
rainfall during the two growing seasons) us-
ing the same design as for induced resis-
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tance. The experiment included the same
three barley cultivars and the four rhizobac-
terial strains, without applying any patho-
gen. Analysis of variance on grain yield
showed significant effects among cultivar,
rhizobacterial strain and their interaction
(Table 5). Growing season had no effect on
grain yield. Compared with the control (free
of P. graminea and rhizobacterial strains), all
treatments with rhizobacterial strains had a
positive effect on grain yield (main effect,
Table 5). The Bs2508 and BTP1 strains had in
general a positive effect on yield. Compared
with the control, Bs2508 showed an increase
of 29.5% for the two growing seasons and
the three cultivars. Arabi Abiad exhibited
significant (P<0.07) increase of grain yield by
using Bs2508, that reached 93.6% and 30.9%
during 2013 and 2014 seasons, respectively.
The winter barley cultivar Banteng did not
exhibit any significant increase in yield dur-
ing the two growing seasons.

The present study, on the one hand,
showed that P. putida BTP1 and B. subtilis
Bs2005, Bs2504, and Bs2508 strains, could
not inhibit in vitro P. graminea growth (no di-
rect antagonism between them). This obser-
vation is supported by the work of Ongena
et al. (1999) on P. putida BTP1 in which the
bacteria did not produce or secrete any fun-
gitoxic compound. On the other hand, the
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Table 4. Effect of rhizobacteria strains on 1000- kernel weight (g) of three barley cultivars in-
oculated with P. graminea Sy3 during two growing seasons (2013, 2014).

Cultivar/ 2013 2014 )

Main effect
Treatment | Arabi Abiad Banteng WI2291 Mean |Arabi Abiad Banteng WI2291 Mean
Control 49.00a* 27.00a 49.33a 41.78a 44.38a 24.65a 4398a 37.67a 39.74a
BTP1 49.07a 28.33a  49.67a 42.33a 46.46a 2497a 44.4a 38.51a 40.42a
Bs2500 47.67a 26.67a 54.00a 42.78a 46.49a 25.37a  43.31a 38.39a 40.58a
Bs2508 46.67a 26.67a 51.00a 41.41a 45.18a 24.06a 43.19a 37.4a 39.42a
Bs2504 47.83a 26.67a 50.00a 41.11a 43.95a 23.65a 42.09a 36.57a 38.84a
Mean *B 47.8 C27.07 A50.80 A45.24 C24.5 B43.33
Main effect A 41.89 B 37.71

* Means preceded by different capital letters (line) and followed by different smallletters (column) differ significantly

at (P<0.01) according to Student-Newman-Keuls test.

Table 5. Effect of rhizobacteria strains on grain yield (g/plant) of three barley cultivars dur-

ing two growing seasons (2013, 2014).

Cultivar/ 2013 2014 .
Treatment | Arabi Abiad Banteng WI2291 Mean | Arabi Abiad Banteng WI2291 Mean Main effect
Control** 4.10d* 4.12a 567b  4.64c 5.27b 3.70a 6.23b  5.07d 4.85c
BTP1 5.23c 4.43a 730a 5.66b 6.49a 3.96a 7.20a 5.88ab 5.77b
Bs2500 6.82a 3.84a 7.00a 5.89ab 5.20b 4.03a 707a  5.43c 5.66b
Bs2508 7.94a 4.27a 6.80a 6.33a 6.90a 4.47a 733a 6.23a 6.28a
Bs2504 6.67b 3.97a 6.97a 5.87ab 6.43a 3.93a 6.50b 5.62bc 5.74b
LSD 1,12 - 0,88 0,46 0,72 - 0,75 0,36 0,29
Mean *B 6.15 C4.13 A6.75 B 6.06 C4.02 A6.87

Main effect A 5.68 A5.65

*Means preceded by different capital letters (line) and followed by different small letters (column) differ significantly

at (P<0.01) according to Student-Newman-Keuls test.
**Free of P. graminea Sy3 and rhizobacteria.

fungal hyphae survive in the kernel between
the paranchymatical cells in the hull, while
cells of the bacterial strains were on seed
surface, i.e. there was no contact between
them and they were spatially separated. All
bacterial strains used in this study have re-
duced the incidence and severity of bar-
ley leaf stripe disease caused by P. gramin-
ea, with effect more pronounced when P.
putida BTP1 and Bs2508 were used. Adam
et al. (2008) demonstrated that tomato bac-
terized-plants with P. putida BTP1 showed
elicited systemic resistance, by means of li-

poxygenase (LOX) pathway related defense.
Ongena et al. (2005) provided evidence
that an N-alkylated Benzylamine derivative
(NABD), isolated from P. putida BTP1, elicits
resistance in bean against Botrytis cinerea.
Mariutto et al. (2014) reported that induced
systemic resistance (ISR) stimulation in to-
mato by P. putida BTP1 was associated with
induction of the first enzyme of the oxylipin
pathway, the lipoxygenase (LOX). The oxy-
lipin pathway was found to be differentially
regulated (Mariutto et al. 2014). Thus, NABD
and other elicitors produced by P. putida
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BTP1 may be active on different plant spe-
cies (monocots and dicots) for the control of
various pathogens.

In our study, the Bs2504 and Bs2500
strains induced resistance in barley against
P. graminea but not as high as that induced
by Bs2508 strain. Our results are in agree-
ment with the work of Ongena et al. (2007)
on tomato and bean, who found that Bs2500
and Bs2504 produce surfactin and fengy-
cin, respectively, whereas Bs2508 produc-
es both of these compounds; they suggest-
ed that these compounds can be perceived
by plant cells as signals to initiate defense
mechanisms. In future work we will devote
time to identify and quantify compounds
essential for the ISR-eliciting activity of the
above rhizobacterial strains.

The authors thank the Director General of
AECS and the Head of Biotechnology Depart-
ment for their help throughout the period of
this research. We thank Prof. P. Thonart and Dr.
M. Ongena of the University of Liege, who pro-
vided us with the P. putida BTP1 and Bacillus
subtilis Bs2508, Bs2504, and Bs2500 strains.
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Enidpaon oteAexwv pr{ofaktnpiwv 6TV avOEKTIKOTNTA TOU
KplBaplov évavti tov Pyrenophora graminea o€ GUVONRKEG
aypou

A. Adam, M.L.E. Arabi, I. Idris kat E. Al-Shehadah

NepiAnPn MeletriBnke n emidpaon twv Baktnplakwv otehexwv Pseudomonas putida BTP1, Bacillus
subtilis Bs2500, Bs2504, kat Bs2508 otn ouxvotnta ekdilwong (1) kat tn copfapotnta (S) Tng acbéveiag
«paBdwTtn knAidwon Tou Kp1Baplov» mou mpokaAsital and To poKNTa Pyrenophora graminea og cuvon -
KeC aypoU. Xpnaotpomotnonkav Tpel molKIAiEC KptBaplol ot omoieg SIEPEPAV WE TIPOC TNV AVOEKTIKOTN-
Ta. H avBekTIKOTNTA IOV €MITEVXONKE OTNV TapoLoa UENETN ixe peyaAn Sidpkela. Ta oTeAéxn P. putida
BTP1 kat Bs2508 itav yeVIKA TA TTLO AMOTEAEGHATIKA OTO VA TIEPLOPICOUV ONUAVTIKA TOOO TN cuXVOTNTA
ekdiAwaon¢ (1) 6oo kat tn coPfapdtnta (S) TS aoBévelag oTIC TPEIC TOIKIAIEC Kp1BaploL Kal aTi¢ SU0 KaA-
MepynTikég meptodouc 2013/2014. H aoBévela petwbnke €wg kat 66% otnv motkiAia Arabi Abiad, n omoia
déxtnke eméuPaon e 1o otéhexoc P. putida BTP1. H evaio®ntn Tomikr moikiAia Arabi Abiad epgdvioe
onUavTikn avénon tng avBekTIKGTNTAC UTO TNV eMidpacn Twv oteAexwv Bs2508 and BTP1. Qotoo0, n
avOekTikn motkiAia Banteng dev €deiée mepaitépw onuavTikn avénon tng aviekTiIkdTNTAC UTO TNV £
dpaon autwv Twv Baktnplakwyv oTeAexwyv. H amddoon og omdpo Twv QUTWV TOU SEXTNKAV TIC ETTEW-
Baoelg pe Ta BakTnplakd oTEAEXN Kal JOAUVONKav TexvNTWG Ue P. graminea Sev emNPeAOTNKE, EKTOC
and tnv mepintwon Tng moikiAiag Arabi Abiad étav déxtnke Tnv eméupaon pe ta oteAéxn Bs2508 and
Bs2504. H emaywyn NG avBeKTIKOTNTAC HEOW MEUPBAONC 0To 0dPO pe Baktnplakd oteNéxn Ba pmo-
POUCE Va £XEL ONUAVTIKH EQAPHOYH 0TN YEWPYIQ, KUPiw oTnv mepImTwon TNG mTPocaBoAr¢ Tou KplBapt-
oV amd Tov YUKNTa P. graminea ota mpwipa otddia tTng avamtuéng Twv QUTWV.
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