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ABSTRACT

Faba bean (Vicia faba L.) seeds cv. Misr 1
were treated with Bion (5 mM), salicylic acid (5
mM) as chemical inducers as well as Paenibacillus
polymyxa and Trichoderma harzianum as biotic
inducers to study their effect on the infection with
Rhizoctonia solani and Fusarium solani f. sp. fabae
under greenhouse and field conditions.

Under greenhouse conditions (Agricultural Re-
search Centre, Giza) all treatments induced reduc-
tion in the percentages of pre- and post-
emergence damping off caused by R. solani or F.
solani f. sp. fabae compared to untreated control.
The highest percentage of survived plants was
achieved from the inducer Bion (92 % and 88%)
compared with untreated control (40% and 36%) in
the presence of R. solani or F. solani f. sp. fabae
respectively. Meantime, there was no significant
difference between the Bion and the fungicide Ri-
zolex —T (3 g/Kg seeds) treatments. However, all
treatments caused significant increase in the fig-
ures of plant height, shoot and root dry weight,
nodules number/plant and nodules dry weight over
the control treatment grown in infested soil by R.
solani or by F. solani f. sp. fabae. The highest
values of all growth parameters under study were
recorded on faba bean plants check (healthy
plants) grown in disinfested soil followed by Bion
and Rizolex —T treatments in the presence of R.
solani or F. solani f. sp. fabae. There was no sig-
nificant difference between Bion and Rizolex-T
treatments with exception of nodules number and
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nodules dry weight /plant in the presence of R.
solani. On the contrary, there was significant dif-
ference between Bion and Rizolex-T treatments
with exception of plant height in the presence of F.
solani f. sp. fabae.

Under field conditions at Giza (Giza Gover-
norate) and Etay El-Baroud (El- Behira Gover-
norate) Agricultural Research Stations during win-
ter season 2013-2014, all the treatments signifi-
cantly decreased the percentage of pre- and post-
emergence damping-off and increased the per-
centage of survived plants compared with untreat-
ed control in two locations with exception of post-
emergence percentage figures at Giza Agricultural
Research Station. Regarding survived plants, there
were no significant differences between the Bion
(89.5% and 86.5%) as well as Rizolex-T (90.9%
and 88.8%) treatments compared with untreated
control (68.3% and 64.3%) at Giza and Etay El-
Baroud Agricultural Research Stations respective-
ly. However, all inducer treatments significantly
improved growth parameters (i.e. plant height,
number of pods/plant, seed weight /plant and one
hundred seed weight) as well as yield compared to
the untreated control in the two locations. Higher
increase in seed yield (ton /feddan) was obtained
with Rizolex-T and Bion treatments (62.2% and
57.9%) respectively, followed by salicylic acid and
P. polymyxa with (39.4% and 28.4 %) respectively,
increasing over the untreated control calculated as
means of the two locations.

Activities of peroxidase (PO), polyphenol oxi-
dase (PPO) enzymes and phenol content were
determined in faba bean plants treated with differ-
ent inducers. Bion treatment showed the highest
increase in PO and PPO activity, total and free
phenols followed by salicylic acid treatment in the
presence of R. solani or F. solani f. sp. fabae.
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INTRODUCTION

Faba bean (Vicia faba L.) is an important winter
legume crop originated in between the oriental
Mediterranean  countries and  Afghanistan
(Cubero, 1974). In Egypt, faba bean cultivated
area decreased from 123796 hectare in 1995 to
77149 hectare in 2013. However, imported value
of broad bean increased from 40,347,000 $ in
1995 to 279,356,000 $ in 2013 (Anonymous,
2015).

However, faba bean roots infected with many
fungal pathogens which caused a considerable
yield losses. In Egypt, Rhizoctonia spp., R. solani,
F. oxysporum f. sp. fabae, F. solani f.sp. fabae, F.
avenaceum, F. subglutinans, F. moniliforme, Mac-
rophomina phaseolina and Sclerotium rolfsii were
reported as pathogens on faba bean seedlings
(Omar, 1986; Abou-Zeid et al 1997; Hugar, 2004;
Eisa (Nawal) et al 2006; Abdel-Razik (Sahar) et
al 2012 and Abdel-Monaim, 2013).

The control of damping off and root rot diseas-
es of faba bean has mainly depended upon using
of fungicides. Although the application of fungi-
cides is always effective, their non-target environ-
mental impact and the development of pathogen
resistance have led to search for alternative meth-
ods. Resistant varieties are few and not available
(Assuncao et al 2011), and use of cultural prac-
tices such as crop rotation however the wide host
range exhibited by many of these pathogens and
its ability to survive in the soil in the absence of
hosts complicates management. Induction of re-
sistance by application of elicitors is one of the
alternatives, either alone or as a part of an inte-
grated control strategy. Systemic acquired re-
sistance (SAR) and induced systemic resistance
(ISR) are two forms of systemic resistance. In both
SAR and ISR, plant defences are released by pre-
vious elicitors; thus, biotic and abiotic factors play a
role in resistance; most inducers reduce disease in
the infected plants by 20%-85% (Walters et al
2013). Commonly tested chemical elicitors which,
depends on the salicylic acid (SA) responsiveness
in systemic acquired resistance (SAR) are salicylic
acid, methyl salicylate, benzothiadiazole, benzoic
acid, chitosan, and so forth which affect production
of phenolic compounds and activate various de-
fence-related enzymes in plants (Thakur and So-
hal, 2013).

Induced systemic resistance (ISR) can be de-
fined by induction of defences in plants against
many pathogens via application of plant growth-
promoting microorganisms in the soil (Maksimov

et al 2011). ISR depends on two pathways that
respond to ethylene (ET) and jasmonic acid (JA)
(Verhagen et al 2004). The species of the genus
Trichoderma, which contain a group of plant
growth-promoting fungi, can colonize the intercellu-
lar parts of plant roots and stimulate systemic re-
sistance in all parts of the plant; the actions of the-
se fungi suppress some plant diseases by direct
mycoparasitism or antibiosis, as well as indirect
induced resistance (Sharma & Sain 2004).
Trichoderma spp. stimulates ISR through hormonal
and molecular pathways in a JA/ET-dependent
manner (Shoresh et al 2010). Many studies in the
past have proved the potential of Trichoderma spp.
as biocontrol agents of several soilborne plant
pathogens such as R. solani, Sclerotium rolfsii,
Pythium aphanidermatum, and Fusarium spp.
(Hadar et al 1979; Katan, 1980; Sivan et al 1984;
Samuels, 1996; Basak & Basak, 2011 and Kim
& Knudsen, 2013).

Plant growth promoting rhizobacteria (PGPR)
are root-associated bacteria in the rhizosphere of
many plant species that increase plant growth and
suppress plant disease (Ryu et al 2006). In addi-
tion to suppressing plant pathogens by secretion of
antibiotics and production of allelopathic com-
pounds in the rhizosphere some PGPR can also
elicit mechanism of induced systemic resistance
(ISR) against a broad range of pathogens, (Jain et
al 2013). One of the reported plant growth promot-
ing rhizobacteria (PGPR) is Paenibacillus poly-
myxa which has a range of reported properties,
including nitrogen fixation (Bal and Chanway,
2012); soil phosphorus solubilization (Wang et al
2012); production of antibiotics and other hydrolytic
enzymes (Raza et al 2008), and chitinase
(Mavingui and Heulin, 1994).

The objective of this study was to evaluate the
disease management potential of biotic and abiotic
inducers against damping off and root rot diseases
caused by Rhizoctonia and Fusarium under
greenhouse and field conditions.

MATERIALS AND METHODS
Plant material

Faba bean seeds (Vicia faba L.), cultivar Misr 1
were obtained from the Legume Res. Dept., Field
Crops Res. Inst., ARC, Giza, Egypt.

Pathogens

The fungi R. solani Kiihn and F. solani f. sp.
fabae were kindly provided by Legume and Forage
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Dis. Res. Dept., Plant Pathol. Res. Inst., Agric.
Res. Centre, Giza, Egypt. The fungi were isolated
from naturally infected faba bean plants, showing
damping off and root rot symptoms. Their patho-
genicity were previously confirmed and identified
on the basis of cultural properties and microscopic
morphological characters according to Sneh et al
(1991) and Booth (1971).

Preparation of pathogens inocula

Inocula of R. solani and F. solani f. sp. fabae
were prepared by growing the fungi in glass bottles
500 cc containing 100 gram sterilized sorghum
grains medium. The bottles were inoculated with
actively growing of equal five disks (0.5 cm) for
each bottle of four days old R. solani or seven
days old F. solani cultures. The bottles were incu-
bated at 25 + 1°C for 18 days; during this period
the bottles were vigorously shaken daily for the first
4 days to encourage more rapid and uniform colo-
nization of the sorghum grains then shaken every
three days to ensure uniform distribution of the
fungal growth. After incubation period, the glass
bottles were then evacuated and its content was
air dried at room temperature, and crushed in a mill
to pass through a 3-mm sieve. The dried crushed
inocula stored in paper bags at 4 + 1°C until added
to soil within one week (Gaskill, 1968 and Leslie
& Summerell, 2006).

Chemical inducers

Bion® wettable granule (WG) 50%, Benzothi-
adiazole, (Syngenta Crop Protection, InC); and
Salicylic acid (Sigma Aldrich, USA) were used in
this study.

Growing of biotic inducers

A- Paenibacillus polymyxa: The culture of the
bacteria P. polymyxa (isolate 9D14), previously
isolated by Shehata et al (2006) and belongs
to the collection of Plant Pathol. Dept., Fac. of
Agric., Ain Shams Univ. was kindly provided.
The culture of the bacteria was activated on
fresh slants and, after 24 hrs was transferred to
many 250 ml Erlenmeyer flasks with 50 ml of
nutrient yeast dextrose broth (NYDB) medium
(per litre: nutrient broth 8 g, yeast extract 5 g
and dextrose 10 g). The flasks were placed on
a rotary shaker to grow at 120 rpm for 66 hrs at
24+1°C.

B- Trichoderma harzianum: The fungus T. harzi-
anum which isolated from rhizosphere of faba
bean by Elsaid et al (2005) and belongs to the
collection of Plant Pathol. Dept., Fac. of Agric.,
Ain Shams Univ. was kindly provided. Its identi-
fication was previously confirmed on the basis
of cultural properties and microscopic morpho-
logical characters according to Rifai (1969).
The fungus was kept under a phosphate buffer
(pH 6.5) at 4+ 0.5°C for long-time storage
(Boeswinkel, 1976). Formulation of T. harzi-
anum was prepared by growing the fungus in
glass bottles 500 cc containing 100 gram steri-
lized sorghum grains medium (Rini and Su-
lochana, 2007). The bottles were inoculated
with actively growing 0.5 cm diameter mycelia
disc of 7 days old T. harzianum culture. Five
discs for each bottle were used for inoculation.
The bottles were incubated at 27 + 1°C for 18
days and were vigorously shaken daily for the
first 4 days to encourage more rapid and uni-
form colonization of the sorghum grains. At the
end of incubation period, the colonised sor-
ghum grains by mycelium and conidia of T.
harzianum were removed from the bottles and
air dried in shade at room temperature, and fi-
ne grinded in a mill then sieved through 60-
mesh (0.25 mm) sieve (Tewari and Bhanu,
2004). The amount of inoculum in the sorghum
grains was determined on potato dextrose agar
(PDA) supplemented with Rosebengal 25 mg/L
by dilution plate technique (Rini and Su-
lochana, 2007). One gram of air dried fine
grinded sorghum grains was contained 3.9x
10° colony-forming unit (CFU) of T. harzianum.
The grinded sorghum grains were kept in poly-
thene bag and treated as formulated Tricho-
derma within one week.

Seed and soil treatments

Apparently healthy uniformity seeds of faba
bean were surface disinfected by immersing in
sodium hypochlorite (1%) for 2 min, and washed
several times with sterilized water, then left to
dry on screen cloth with paper towel underneath to
absorb the excess water at room temperature
for approximately two hour.

A) Chemical inducers treatments: The disinfected
faba bean seeds were soaked in aqueous solu-
tions of the inducers (Bion or salicylic acid) for
6 hours on previous day of sowing at the rate of
5 mM then the treated seeds were air-dried for
15 hrs until sowing time.
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B) The bacterial inducer treatment: After growth of
P. polymyxa, the liquid cultures media were
then centrifuged under cooling (4°C) at 10000
rpm for 10 min. Then, the disinfected faba bean
seeds were soaked in supernatant for 6 hours
on previous day of sowing. Cells of P. poly-
myxa were collected in 20 cm Petri dish and
bacterial slurry was obtained by adding 1ml of
1% methyl cellulose (Sigma-Aldrich, Milwau-
kee, WI, USA) in sterile distilled water to bacte-
rial cells harvested from each Erlenmeyer flask.
Healthy seeds of faba bean that previously
were soaked in supernatant, were coated with
bacterial slurry, then spread on screen cloth
with paper towel underneath to absorb the ex-
cess liquid, then the coated seeds were air-
dried for 15 hrs until sowing time. Enumeration
of bacteria coated on seeds was performed by
plate dilution method on the basis of colony
forming unit (CFU/seed) on nutrient yeast dex-
trose agar (NYDA) medium.

C) The T. harzianum treatment: Air dried fine
grinded sorghum grains which contained 3.9x
10° (CFU) of T. harzianum (formulated Tricho-
derma) was used on previous day of sowing to
coat the disinfected faba bean seeds mois-
tened with 1% methyl cellulose in sterile dis-
tilled water as sticker, then the coated seeds
were air-dried for 15 hrs until sowing time.

D) Fungicide treatment: seed dressing was car-
ried out to the disinfected faba bean seeds by
applying the Rizolex-T 50% WP (Tolclofos-
methyl-thiram), Sumitomo Chemical Company
Ltd. at the recommended dose (3 g/kg) to the
1% methyl cellulose (as sticker) moistened
seeds in polyethylene bags and shaking well to
ensure even distribution of the fungicide.

E) Root-nodule bacteria treatment: Formulation
of Rhizobium leguminosarum biovar viciae
(Faba bean), was kindly obtained from Bioferti-
lizers Production Unit, Soils Water and Envi-
ronment Res. Inst., (SWERI), Agric. Res. Cen-
tre (ARC), Giza, Egypt, was used to inoculate
potted soils (infested or not-infested with path-
ogenic fungus) or field soil. Five grams of R.
leguminosarum bv. viciae formulation were
mixed in each pot during sowing or 800 g of
Rhizobium formulation was mixed with approx-
imately 50 kg of moistened fine sandy soil and
added to field soil into the seed furrow during
sowing, at rate of 800 g Rhizobium formula-
tion/ feddan.

F) Control, The disinfected faba bean seeds were
soaked in sterilized water for 6 hours on previ-
ous day of sowing then air-dried for 15 hrs until
sowing time.

Greenhouse experiment

The trials were carried out in the greenhouse of
Plant Pathology Research Institute, Agricultural
Research Centre, Giza. Pots (30 cm in diameter)
with a bottom drainage hole were sterilized by dip-
ping in 5% formalin solution for 15 minutes, and
left for one week until complete formalin evapora-
tion. Pots were filled with steam disinfested sandy
clay soil 1:2 (V/V). Soil infestation was achieved by
mixing the inoculum of R. solani or F. solani f. sp.
fabae with the soil at the rate of 2% of soil weight
(Papavizas & Davey, 1962). Sterilized uninoculat-
ed grounded sorghum grains were added to the
disinfested soil at the same rate for used as
healthy control. The infested soil was mixed thor-
oughly and watered every 2 days for a week be-
fore planting to stimulate the fungal growth and
ensure its distribution in the soil. Five seeds of
treated faba bean seeds, as mentioned before,
were sown in each pot and pots were irrigated di-
rectly. Five replicated pots were used for each par-
ticular treatment. All pots were irrigated when nec-
essary, and watered once a week to near field ca-
pacity with a 0.1% 15:15:15 (N: P: K) fertilizer solu-
tion in the first month and kept in a greenhouse
under natural conditions. Other agricultural proce-
dures were performed according to normal prac-
tice. The treatments were as follows: (1) Bion at 5
mM; (2) Salicylic acid at 5 mM; (3) P. polymyxa; (4)
T. harzianum; (5) Rizolex-T. Soaking in water
served as untreated control for both infested and
non infested soil. Eight plants (four replicates each
of two plants) were uprooted 60 days after sowing;
plant height (cm) was measured and the stem was
cut at the soil line. Roots were washed under run-
ning water to remove soil particles. Numbers of
nodules were recorded. Shoots, roots and nodules
placed in a paper bags and oven dried at 70°C for
48h, then weighed.

Disease assessment

The disease incidence (Dl) % was determined
by recording pre-emergence damping-off, post-
emergence damping off and the percentage of
survived plants 15, 30 and 45 days after sowing,
respectively according to the following formulas:
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Pre — emergence%
Total No.of un — germinated seeds

Total No.of planted seeds x100
Post — emergence%
Total No.of rotted seedlings
= x100

Total No.of planted seeds

Survived seedlings %

Total No.of survived seedlings
= x100

Total No.of planted seeds

Reduction or increasing % over the infected control
was also calculated according to the following for-
mula:

Reduction or increasing%
_ DI of control — DI of treatment

1
DI of control x100

The field experiments was carried out during
the winter growing season 2013 - 2014 at two
location, Giza Agricultural Research Station, Giza
Governorate and Etay El-Baroud Agricultural Re-
search Station, El- Behira Governorate, Egypt, in
field known to have root rot history, in order to in-
vestigate the effect of chemical and biotic inducers
for controlling damping-off and root rot diseases.
The disinfected faba bean seeds were treated by
the same manner in a greenhouse experiment. In
the control treatment, seeds were soaked in dis-
tilled water as mentioned before. The treated faba
bean seeds were sown in the field on October 29
and 30, 2013 at Giza and Etay El-Baroud respec-
tively. The field trial (24 plots) was designed in
complete randomized block with four replicates.
The area of each plot was 10.5 m? consisted of five
rows; each row was 3.5 m length and 0.6 m width.
All treatments were sown in hills 20 cm apart on
both sides of the row ridge, with one seed per hill.
Calcium super-phosphate (15 % P,0s) at 150 kg
/feddan was added on rows during the soil prepa-
ration. Potassium sulphate (48% K»O) at 50
Kg/feddan was applied as soil application at the
first irrigation after sowing. Ammonium sulphate
(20.5% N) at rate of 75-100 kg/feddan was added
at the sowing time as a starter dose of nitrogen. All
other recommended agricultural practices were
followed according to the recommendations of the
Egyptian Ministry of Agriculture and Land Recla-
mation. The treatments were as follows: (1) Bion 5
at mM; (2) Salicylic acid at 5 mM; (3) P. polymyxa;
(4) T. harzianum; (5) Rizolex-T, and (6) Water
(control). The disease incidence (DI) % was de-
termined as mentioned before. Random samples
of ten faba bean plants were collected (from the

inner rows) at harvest stage from each plot. Plant
growth parameters of plant height (cm), number of
branches, number of pods per plant, weight of one
hundred seed and seed weight per plant were rec-
orded as well as seed yield ton/ feddan were cal-
culated.

Effect of faba bean seed treatment with induc-
ers on activity of oxidative enzymes and phenol
content.

An experiment was carried out to determine ac-
tivity of oxidative enzymes and phenol content.
Faba bean plants were grown as mentioned before
in greenhouse experiment. Fifteen days after sow-
ing, activity of peroxidase (PO), polyphenol oxi-
dase (PPO) and phenol contents was determined
in tissue extracts of soybean plants surviving from
the following treatments: (1) Bion at 5 mM; (2) Sal-
icylic acid at 5 mM; (3) P. polymyxa; (4) T. harzi-
anum; (5) Water in infested soil (Control, infected)
and (6) Water in non-infested soil (Control,
healthy).

Assay of enzymes activities

A) Assay of peroxidase (PO)

Extraction and assay of peroxidase (PO) activi-
ty were carried out according to Chakraborty and
Chatterjee (2007). For extraction of the peroxidase
enzyme, 4.0 g of plant tissue from each treatment
were separately homogenized in 20 ml of chilled
potassium phosphate buffer (0.1M at pH 7.0) at
0°C. A pinch of neutral sand was added to facilitate
crushing. The extracts were obtained by filtering off
the debris with a clean cloth and centrifuged under
cooling (4°C) at 3000 rpm for 15 minutes. The su-
pernatants (crude enzyme extract) were stored at -
20°C or immediately used for determination of PO.
Five ml of freshly prepared pyrogallol reagent (pre-
pared by mixing 10 ml of 0.5 M pyrogallol solution
and 12.5 ml of 0.66 M phosphate buffer and vol-
ume was made to 100 ml with distilled water) and
1.5 ml of the enzyme extract were mixed in a cu-
vette of a spectrophotometer and the mixture was
immediately adjusted to zero absorbance. 0.5 ml of
1% H,0O, solution was added to it and inverting the
tube mixed the content. The reaction was initiated
by the addition of H,O,. Enzyme activity was rec-
orded as the change in absorbance per minute at
430 nm immediately after the addition of substrate
using a Milton Roy 601 UV-Vis spectrophotometer.
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Similarly, control on non-enzymatic oxidation was
maintained at different times by heating the extract
at 100°C for 10 minutes. The activity was always
measured zero indicating its complete inactivation
by the heat treatment.

B) Assay of polyphenol oxidase (PPO)

Extraction and assay of polyphenoloxidase en-
zyme (PPO) were carried out according to Sa-
dasivam & Manickam (1996). For extraction of
the polyphenol oxidase enzyme, 2.0 g of plant tis-
sue from each treatment were separately homoge-
nized with a pinch of neutral sand in 6.0 ml of
phosphate buffer (0.1M at pH 7.0) at 0°C. The ex-
tracts were obtained by filtering off the debris with
a clean cloth and centrifuged under cooling (4°C)
at 3000 rpm for 15 minutes. The supernatants
(crude enzyme extract) were stored at -20°C or
immediately used for determination of PPO. Two
ml of the enzyme extract and 3.0 ml of 0.1M phos-
phate buffer were mixed together in a cuvette and
the sample was adjusted to zero absorbance at
495 nm using a Milton Roy 601 UV-Vis spectro-
photometer. 1.0 ml of 0.01 M catechol in 0.1 M
phosphate buffer (0.4 mg/ml) was added to the
above mixture and the reactants were quickly
mixed. The enzyme activity was measured as the
change in absorbance per minute up to 10 minute
at 495 nm immediately after the addition of cate-
chol solution, which initiated the reaction. Control
in similar manner was maintained at different times
by heating the extract at 100°C for 10 minutes. The
activity was always measured zero indicating com-
plete inactivation of the enzyme by this heat treat-
ment.

Determination of phenolic compounds

Extraction of phenolic compounds was carried
out according to Sutha et al (1998). Five grams of
plant tissue from each treatment were separately
homogenized with 30 ml of 80 % ethanol using
pestle and mortar. The contents were shaken well
at 50°C for 30 min and centrifuged at 10,000 rpm
for 10 min. The pellet was extracted twice at 50°C.
The supernatants were pooled and treated with
equal volume of petroleum ether and shaken well
and allowed to stand for 5 min and the petroleum
ether layer containing chlorophyll was discarded.
The alcohol fraction was evaporated to dryness
under vacuum using rotary evaporator at 45°C.
The residue was dissolved and quantitatively
transferred into 5 ml of isopropanol and stored in
vials at -20°C till used for determination of total and

free phenols. Phenolic compounds were deter-
mined using methods of analysis described by
Snell and Snell (1953).

The total phenolic content was determined by
mixing 0.5 ml of the sample extract with 0.25 ml
HCI and boiled in water bath for 10 minutes then
left to cool. One ml of the Folin Ciocaltea’s reagent
and 6 ml of Na,COs 20% were added. The mixture
was diluted to 10 ml with warm distilled water (30-
35°C). After 30 minutes standing in dark, the opti-
cal density of the developed blue colour was
measured at 520 nm using a Milton Roy 601 UV-
Vis spectrophotometer against a reagent blank.
Free phenols content was determined by adding 1
ml of the reagent and 3 ml of a 20% Na>COs solu-
tion to 0.5 ml of the sample diluted to 10 ml with
warm distilled water, let to stand for 30 minutes in
dark and the optical density of the developed blue
colour was measured at 520 nm using a Milton
Roy 601 UV-Vis spectrophotometer against a rea-
gent blank.

Conjugated phenols content was determined
by subtracting the amount of free phenols content
from that of total phenols. The total phenolic con-
tents and free phenols content were calculated on
the basis of the calibration curve of Catechol and
expressed as catechol equivalents in milligrams
per gram fresh weight.

Statistical analysis

Completely randomized design (CRD) and ran-
domized blocks design (RBD) were conducted in
greenhouse experiment and field experiment, re-
spectively. The obtained data were subjected to
computer statistical software (ASSISTAT) originat-
ed by Silva & Azevedo (2009). Data analyzed
using analysis of variance (ANOVA), and mean
values were compared using Duncan’s multiple
range test at a significance level of P < 0.05.

RESULTS

1- Enumeration of bacterium and fungus coat-
ed on seeds

Enumeration of bacterium or fungus coated on
seeds was performed by plate dilution method on
the basis of colony forming unit (CFU/seed) on
nutrient yeast dextrose agar (NYDA) medium for P.
polymyxa, or potato dextrose agar (PDA) supple-
mented with Rosebengal (25 mg per litre) for T.
harzianum. Colony forming units (cfu) were count-
ed after 24 and 48 hrs of incubation for P. poly-
myxa and T. harzianum respectively (Rini and
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Sulochana, 2007). Population density of P. poly-
myxa were 3.7 x 10°; 3.2 x 10° and 3.4 x 10° CFU
per seed of faba bean and propagule density of T.
harzianum were 3.9 x 10% 3.4 x 10* and 3.6 x 10"
CFU per seed of faba bean in greenhouse experi-
ment, field experiments and the experiment of oxi-
dative enzymes activity determination, respective-

ly.
2- Greenhouse experiment

|- Effect of some inducers on the incidence of
faba bean Rhizoctonia or Fusarium damping-
off diseases

In this experiment, faba bean seeds were
soaked in aqueous solutions of Bion or salicylic
acid for 6 hours on previous day of sowing as

561

chemical inducers, or soaked in culture filtrate of P.
polymyxa for 6 hours and coated with bacterial
cells slurry as biotic inducer or coated with T. har-
zianum (formulated Trichoderma) to study their
effect on the incidence of Rhizoctonia or Fusarium
damping- off diseases in pots. Results in Table (1)
indicate that all treatments induced reduction in the
percentages of pre- and post-emergence damping
off caused by R. solani or F. solani f. sp. fabae
compared to untreated control. Bion and salicylic
acid treatments gave the highest reduction effect
for pre-emergence damping off. However, all
treatments significantly increase survived plants
compared to untreated control. Bion, Rizolex —T
and salicylic acid treatments gave highest increase
effect followed by P. polymyxa treatment In the
presence of R. solani or F. solani f. sp. fabae.

Table 1. Effect of some chemical® and biotic inducers as well as Rizolex-T as seed treatments on the per-
centage of damping- off disease of faba bean plants grown in artificial infested soil? by Rhi-
zoctonia solani (A) or Fusarium solani f. sp. fabae (B) under greenhouse conditions

(A) R. solani:
Damping- off .
Treatments Pre-emergence Post- emergence S:Ir;;l\gd Increasing
Incidence | Reduction | Incidence | Reduction % %
% % % %
Bion 5mM 0.0 100.0 4.0 66.7 92.0a 130.0
Salicylic acid 5mM 4.0 88.9 4.0 66.7 88.0a 120.0
P. polymyxa® 8.0 77.8 4.0 66.7 88.0a 120.0
T. harzianum* 12.0 66.7 4.0 66.7 84.0 a 110.0
Rizolex —T° 4.0 88.9 0.0 100.0 92.0a 130.0
Control° (SR. solani) 36.0 0.0 12.0 0.0 40.0b 0.0
Cont_rol healthy 40 0.0 96.0 a
(non infested soil)
(B) F. solani f. sp. fabae:
Damping- off Survived .
Treatments _ Pre-emergence _ _Post- emergence. plants Increasing
Incidence | Reduction | Incidence | Reduction % %
% % % %
Bion 5mM 4.0 87.5 4.0 75.0 88.0 a 144.4
Salicylic acid 5mM 4.0 87.5 4.0 75.0 88.0 a 144.4
P. polymyxa® 8.0 75.0 4.0 75.0 84.0a 133.3
T. harzianum® 12.0 62.5 0.0 100.0 84.0a 133.3
Rizolex —T° 4.0 87.5 4.0 75.0 88.0 a 144.4
Control® éF. solani) 32.0 0.0 16.0 0.0 36.0b 0
Cont.rol health_y 40 0.0 96.0 a
(non infested soil)

1- Faba bean seeds (cv. Misr 1) were soaked in agueous solutions of Bion and salicylic acid for 6 hours on previous day of sowing then

air dried.

2- Soil infestation was achieved by mixing the inoculum of R. solani (A) or F. solani f. sp. fabae (B) with the soil at the rate of 2% of soil

weight.

3- Faba bean seeds were soaked in culture filtrate for 6 hours on previous day of sowing, and then seeds were coated with bacterial cells

slurry of Paenibacillus polymyxa.

4- Faba bean seeds moistened with 1% methyl cellulose were coated with formulated Trichoderma harzianum.

5- Seed dressing by fungicide was carried out at the recommended dose (3 g/kg).

6- Faba bean seeds were soaked in sterilized water for 6 hours on previous day of sowing then air dried.

7- Means in each column followed by the same letter are not significantly different according to Duncan’s multiple range test, (p = 0.05)
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II- Effect of some inducers on some growth
parameters of faba bean plants infected with
R. solani under greenhouse condition

Results presented in Table (2) reveal that Bion,
salicylic acid, P. polymyxa and T. harzianum
treatments caused a significant increase in the
figures of plant height, shoot and root dry weight,
nodules number/plant and nodules dry weight over
the control treatment grown in infested soil by R.
solani. The highest values of all growth parameters
under study were recorded on faba bean plants
control (healthy plants) grown in disinfested soil
followed by treatments with Bion and Rizolex-T
treatments. There was no significant difference
between the treatments with Bion and Rizolex-T
with exception of nodules number/plant and nod-
ules dry weight. Meanwhile, there was no signifi-
cant difference between the treatments with P.
polymyxa and T. harzianum regarding to plant
height, shoot dry weight and nodules num-
ber/plant. However, there was significant differ-
ence between Bion treatment and treatments by P.
polymyxa as well as T. harzianum regarding to
shoot and root dry weight, and nodules num-
ber/plant in faba bean plants grown in infested soil
by R. solani. Finally, results indicate that there was
no significant difference between the treatments
with salicylic acid and P. polymyxa with exception
of shoot and root dry weight. Also, results show
that there was no significant difference between
the treatments with salicylic acid and T. harzianum
with exception of shoot dry weight and nodules dry
weight in faba bean plants grown in infested soil by
R. solani.

lll- Effect of some inducers on some growth
parameters of faba bean plants infected
with F. solani f. sp. fabae under green-
house condition

Results in Table (3) show that Bion, salicylic
acid, P. polymyxa and T. harzianum treatments
caused a significant increase in the figures of plant
height, shoot and root dry weight, nodules num-
ber/plant and nodules dry weight over the control
treatment grown in infested soil by F. solani f. sp.
fabae. The highest values of most growth parame-
ters under study were recorded on faba bean
plants control (healthy plants) grown in disinfested
soil followed by treatments with Bion, Rizolex-T,
salicylic acid, P. polymyxa and T. harzianum
treatments. However, there was significant differ-
ence between the treatments with Bion and Ri-

zolex-T with exception of plant height. Also there
was significant difference between the Bion treat-
ment compare to salicylic acid treatment regarding
to all growth parameters under study in faba bean
plants grown in infested soil by F. solani f. sp. fa-
bae. Meantime there was significant difference
between the treatments with P. polymyxa and T.
harzianum with exception of nodules number/plant.

3- Field experiments

|- Effect of some inducers on the incidence of
faba bean damping- off disease

In these experiments, the effect of treatments
by Bion 5mM, salicylic acid 5mM, P. polymyxa, T.
harzianum and the fungicide Rizolex-T on damp-
ing- off incidence and survived plants of faba bean
under field conditions at Giza and Etay El-Baroud
Agricultural Research Stations during winter sea-
son 2013-2014 was studied. Results in Table (4)
exhibited that all the treatments significantly de-
creased the percentages of pre and post-
emergence damping-off compared with untreated
control in two locations with exception of post-
emergence figures at Giza Agricultural Research
Station. The highest percentage of pre-emergence
damping- off reduction over the control was ob-
tained from treatments with Rizolex-T and Bion.
Meantime, there were no significant differences
between the treatments with salicylic acid, P. pol-
ymyxa, and T. harzianum in two locations. For the
percentage of post-emergence damping-off reduc-
tion over the control, Rizolex-T treatment was more
efficient but significantly not different from other
treatments. Also, results showed that all the tested
treatments significantly increased the percentage
of survived plants compared with the control. There
were no significant differences between the treat-
ments with Bion and Rizolex-T, whilst the treat-
ments with salicylic acid P. polymyxa and T. harzi-
anum significantly were less effective regarding
survived plants.

II- Effect of some inducers on growth parame-
ters and yield of faba bean plants

Under field condition, inducers treatments sig-
nificantly improved growth parameters and yield
compared to the untreated control treatment in the
two locations (Table 5, A & B). Recorded results
indicate that:

Plant height

The plant height was affected by seed treat-
ments with different inducers. In two locations, all
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Table 4. Effect of some chemical* and biotic inducers as well as Rizolex-T as seed treatments on the per-
centage of damping- off disease of faba bean plants grown under field conditions at Giza Agricul-
tural Research Station (A) and Etay El-Baroud Agricultural Research Station (B) during winter
growing season 2013 - 2014 (natural infection).

A): Giza Agricultural Research Station

Damping- off )
Survived .
Pre-emergence Post- emergence Increasing
Treatments ] ] ) ) plants
Incidence | Reduction Incidence Reduction % %
0
% % % %
Bion 5mM 6.0c 76.9 2.0ab 42.9 89.5a 31.0
Salicylic acid 5mM 11.0b 57.7 2.3ab 34.3 84.2b 23.3
P. polymyxa® 12.7b 51.2 2.0 ab 42.9 83.3b 22.0
T. harzianum® 11.9b 54.2 2.7 ab 22.9 83.3b 22.0
Rizolex —T* 59c¢ 77.3 15b 57.1 909 a 33.1
Control® 26.0 a 0.0 3.5a 0.0 68.3¢C 0.0
(B): Etay El-Baroud Agricultural Research Station
Damping- off .
Survived .
Pre-emergence Post- emergence Increasing
Treatments ) ) ) - plants
Incidence Reduction | Incidence | Reduction % %
0
% % % %
Bion 5mM 9.0c 64.3 27b 49.1 86.5a 34.5
Salicylic acid 5mM 13.2b 47.6 10b 81.1 84.0b 30.6
P. polymyxa® 12.0b 52.4 23b 56.6 83.0 bc 29.1
T. harzianum® 140b 44.4 27b 49.1 812c 26.3
Rizolex —T* 72c 71.4 27b 49.1 88.8 a 38.1
Control® 25.2a 0.0 5.3a 0.0 64.3d 0.0

1- Faba bean seeds (cv. Misr 1) were soaked in aqueous solutions of Bion and salicylic acid for 6 hours on previous
day of sowing then air dried.

2- Faba bean seeds were soaked in culture filtrate for 6 hours on previous day of sowing, and then seeds were coated
with bacterial cells slurry of Paenibacillus polymyxa.

3- Faba bean seeds moistened with 1% methyl cellulose were coated with formulated Trichoderma harzianum.

4- Seed dressing by fungicide was carried out at the recommended dose (3 g/kg).

5- Faba bean seeds were soaked in sterilized water for 6 hours on previous day of sowing then air dried.

6- Means in each column followed by the same letter are not significantly different according to Duncan’s multiple
range test, (p = 0.05)
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Table 5. Effect of some chemical' and biotic inducers as well as Rizolex-T as seed treatments on some
growth parameters of faba bean plants grown under field conditions at Giza Agricultural Research
Station (A) and Etay El-Baroud Agricultural Research Station (B) during winter growing season

2013 - 2014 (natural infection)

A): Giza Agricultural Research Station

Plant Number of Seed Seed
] Number of ] 100 seed .
Treatments height branches/ weight/ ) yield
pods/plant weight (g)
(cm) plant Plant (g) (ton/fed)
Bion 5mM 113.8b 4.8 a 19.2a 393 b 76.4 a 1.524 a
Salicylic acid 5mM 107.0c 3.8b 180b 36.6 ¢ 74.7b 1.362 b
P. polymyxa® 107.3¢ 3.0 bc 17.6 b 353 ¢ 736 b 1.252 bc
T. harzianum® 104.8 ¢ 28¢c 16.0c 33.0 d 73.4b 1.198 ¢
Rizolex —-T* 117.5a 45a 19.0a 439 a 77.7 a 1.578 a
Control® 89.0 d 2.2 cd 12.9d 25.1e 68.8 C 0.957d
(B): Etay El-Baroud Agricultural Research Station
Plant Number of Seed )
) Number of . 100 seed | Seed yield
Treatments height branches/ weight/ Plant .
pods/ plant weight (g) | (ton/fed)
(cm) plant (9)
Bion 5mM 109.7 a 45a 188 a 38.3a 77.8 a 1.463 a
Salicylic acid 5mM 1045 b 3.8ab 17.9 ab 34.2b 743 b 1.275b
P. polymyxa® 104.6 b 28¢c 17.3b 32.2b 73.0 b 1.176 bc
T. harzianum?® 1023 b 28¢c 15.6¢c 31.9b 729b 1.155¢
Rizolex —-T* 1115a 45a 19.0a 394 a 78.4 a 1.490 a
Control® 86.2 ¢ 20 d 12.5d 23.7¢c 68.2 c 0.934 d

1- Faba bean seeds (cv. Misr 1) were soaked in aqueous solutions of Bion and salicylic acid for 6 hours on previous

day of sowing then air dried.

2- Faba bean seeds were soaked in bacterial culture filtrate for 6 hours on previous day of sowing, and then seeds
were coated with bacterial cells slurry of Paenibacillus polymyxa.

3- Faba bean seeds moistened with 1% methyl cellulose were coated with formulated Trichoderma harzianum.

4- Seed dressing by fungicide was carried out at the recommended dose (3 g/kg).

5- Faba bean seeds were soaked in sterilized water for 6 hours on previous day of sowing then air dried.

6- Means in each column followed by the same letter are not significantly different according to Duncan’s multiple

range test, (p = 0.05)

treatments significantly increased plant height as
compared with untreated control. The maximum
plant height was recorded with Rizolex-T and Bion
treatments at Etay El-Baroud Agricultural Research
Station and it differed from rest of all treatments
followed by P. polymyxa, salicylic acid and T. har-
zianum treatments. The maximum plant height was
recorded with Rizolex-T treatment followed by Bion
treatment at Giza Agricultural Research Station.
However, in two locations there were no significant
differences among the treatments with salicylic
acid, P. polymyxa and T. harzianum regarding to
plant height.

Number of branches per plant

Number of branches per plant was affected by
seed treatments with some different inducers. All
treatments in the two locations significantly
showed an increase in number of branches except
the treatments with P. polymyxa and T. harzianum
at Giza Agricultural Research Station as compared
with untreated control. Highest significant increase
in the number of branches per plant was recorded
with Bion and Rizolex-T treatments followed by
salicylic acid treatment in the two locations.
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Number of pods per plant:

All treatments significantly increased number of
pods per plant as compared with untreated control.
The maximum number of pods per plant was rec-
orded with Bion and Rizolex-T treatments which
significantly differed from other treatments except
the treatment with salicylic acid at Etay El-Baroud
Agricultural Research Station. The minimum fig-
ures of pods per plant were recorded in T. harzi-
anum treatment. In two locations, it was no signifi-
cant difference between salicylic acid and P. poly-
myxa treatments. Meantime, it was significant dif-
ference between P. polymyxa and T. harzianum
treatments.

Seed weight per plant

In two locations, all treatments significantly in-
creased seed weight per plant as compared with
untreated control. At Etay El-Baroud Agricultural
Research Station, the maximum seed weight per
plant was recorded with Rizolex-T and Bion treat-
ments, and it significantly differed from the rest of
all treatments. Meantime, there were no significant
differences among the treatments with salicylic
acid, P. polymyxa and T. harzianum. At Giza Agri-
cultural Research Station, the maximum seed
weight per plant was recorded with Rizolex-T
treatment followed by Bion treatment. Meantime,
there was no significant difference between salicyl-
ic acid and P. polymyxa treatments regarding to
seed weight per plant.

The weight of one hundred seed

In two locations, all treatments significantly in-
creased the weight of one hundred seed as com-
pared with untreated control. The seed treatments
with Rizolex-T and Bion significantly increased the
weight of one hundred seed and it differed from the
rest of all treatments followed by salicylic acid, P.
polymyxa and T. harzianum treatments. Meantime,
in two locations there were no significant differ-
ences among the treatments with salicylic acid, P.
polymyxa and T. harzianum regarding to the
weight of one hundred seed.

Seed yield

The two locations showed nearly similar results
which indicated that all treatments significantly
increased the seed yield as compared with un-
treated control. The maximum seed yield was rec-
orded from Rizolex-T and Bion treatments which

significantly differed from the rest of all treatments
followed by salicylic acid treatment. Meantime,
there were no significant differences between the
salicylic acid and P. polymyxa treatments or be-
tween P. polymyxa and T. harzianum treatments.
Whereas, minimum seed yield was recorded in T.
harzianum treatment compared with untreated
control in the two locations.

4- Effect of faba bean seed treatment with in-
ducers on activity of oxidative enzymes and
phenol content

I- Activity of oxidative enzymes

Activities of peroxidase (PO) and polyphenol
oxidase (PPO) enzymes of faba bean plants were
evaluated with the different inducer treatments in
the presence of R. solani (Table 6A) or F. solani f.
sp. fabae (Table 6B). Results denote that all
treatments were effective in eliciting the enzyme
activities (peroxidase and polyphenol oxidase).
The maximum activities as compared to the un-
treated control of the two enzymes were recog-
nized with Bion treatment either in the presence of
R. solani or F. solani f. sp. fabae. Meantime, sali-
cylic acid treatment showed a considerable in-
crease in the two enzymes but it had less effect as
compared to Bion treatment. However, less in-
crease enzyme activities were observed when bio-
tic inducers P. polymyxa and T. harzianum were
applied and their treatments in decreasing order
had comparatively lower effect (Table 6).

II- Phenol content

The content of total phenols was highly en-
hanced in faba bean plants treated with different
inducers compared with untreated plants in the
presence of R. solani (Table 7A) or F. solani f. sp.
fabae (Table 7B). The maximum increase in the
content of total and free phenolic compounds was
recorded with Bion treatment followed by salicylic
acid and P. polymyxa compared with untreated
control in the presence of R. solani or F. solani f.
sp. fabae. Whereas the less increases were rec-
ognized in total and free phenols content, when T.
harzianum was applied compared with untreated
control in the presence of R. solani or F. solani f.
sp. fabae. As for conjugated phenols in the pres-
ence of R. solani, salicylic acid and T. harzianum
treatments gave the highest increase over untreat-
ed control (99.6% and 87.8% respectively) fol-
lowed by Bion and P. polymyxa (83.8% and 78.8%
over untreated control).
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Table 6. Effect of some chemical* and biotic inducers as seed treatments on the peroxidase and polyphe-
nol oxidase activity in faba bean plants grown in artificial infested soil? by Rhizoctonia solani (A) or
Fusarium solani f. sp. fabae (B) under greenhouse conditions

(A) R. solani:
Peroxidase activity3 Polyphenol oxidase activity3
(absorbance at 430 nm) (absorbance at 495 nm)
Treatments i )
. Increasing over . Increasing over
Activity Activity
control % control %
Bion 5 mM 2.93 171.3 0.262 178.7
Salicylic acid 5 mM 2.76 155.6 0.213 126.6
P. polymyxa® 1.92 77.8 0.201 113.8
T. harzianum® 1.76 63.0 0.189 101.1
Control® (R. solani) 1.08 0.0 0.094 0.0
Control® healthy
) i 0.75 0.078
(non-infested soil)
(B) F. solani f. sp. fabae:
Peroxidase activity3 Polyphenol oxidase activity3
(absorbance at 430 nm) (absorbance at 495 nm)
Treatments - -
. Increasing over . Increasing over
Activity Activity
control % control %
Bion 5 mM 2.64 161.4 0.210 141.4
Salicylic acid 5 mM 2.07 105.0 0.198 127.6
P. polymyxa® 1.72 70.3 0.161 85.1
T. harzianum® 1.65 63.4 0.149 71.3
Control° (F. solani) 1.01 0.0 0.087 0.0
Control® healthy
. ) 0.75 0.078
(non infested soil)

1- Faba bean seeds (cv. Misr 1) were soaked in aqueous solutions of Bion and salicylic acid for 6 hours on previ-

ous day of sowing then air dried.

2- Soil infestation was achieved by mixing the inoculum of R. solani (A) or F. solani f. sp. fabae (B) with the soil at
the rate of 2% of soil weight.

3- Enzyme activity is expressed as change in absorbance/minute/g fresh weight.

4- Faba bean seeds were soaked in culture filtrate for 6 hours on previous day of sowing, and then seeds were
coated with bacterial cells slurry of Paenibacillus polymyxa thereafter the seeds dried out aerobically.

5- Faba bean seeds moistened with 1% methyl cellulose were coated with formulated Trichoderma harzianum.

6- Faba bean seeds were soaked in sterilized water for 6 hours on previous day of sowing then air dried.
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Table 7. Effect of some chemical® and biotic inducers as seed treatments on levels of phenolic compounds
in faba bean plants grown in artificial infested soil? by Rhizoctonia solani (A) or Fusarium solani f.

sp. fabae (B) under greenhouse conditions.

(A) R. solani:
Phenolic contents (mg/g fresh weight)
Treatments Total Increase Free Increase Conjugated Increase
henols over control henols over control henols over control
P % P % P %
Bion 5 mM 8.833 101.0 4.072 125.7 4.761 83.8
Salicylic acid 5 mM 8.593 95.6 3.423 89.7 5.170 99.6
P. polymyxa® 7.662 74.4 3.031 68.0 4.631 78.8
T. harzianum* 7.125 62.2 2.261 25.3 4.864 87.8
control ° (R. solani) 4.394 0.0 1.804 0.0 2.59 0.0
5
control * healthy 1.947 1.019 0.928
(non infested soil)
B) F. solani f. sp. fabae:
Phenolic contents (mg/g fresh weight)
Treatments Total Increase Free Increase Conjugated Increase
henols over control henols over control henols over control
P % P % P %
Bion 5 mM 8.172 111.7 4.293 172.6 3.879 69.7
Salicylic acid 5 mM 7.608 97.0 3.691 134.3 3.917 71.3
P. polymyxa® 7.566 96.0 3.545 125.1 4.021 75.9
T. harzianum* 7.243 87.6 2.531 60.7 4,712 106.1
control ® (F. solani) 3.861 0.0 1.575 0.0 2.286 0.0
5
control * healthy 1.947 1.019 0.928
(non infested soil)

1- Faba bean seeds (cv. Misr 1) were soaked in aqueous solutions of Bion and salicylic acid for 6 hours on previous day

of sowing then air dried.

2- Soil infestation was achieved by mixing the inoculum of R. solani (A) or F. solani f. sp. fabae (B) with the soil at the

rate of 2% of soil weight.

3- Faba bean seeds were soaked in culture filtrate for 6 hours on previous day of sowing, and then seeds were coated
with bacterial cells slurry of Paenibacillus polymyxa thereafter the seeds dried out aerobically.
4- Faba bean seeds moistened with 1% methyl cellulose were coated with formulated Trichoderma harzianum

5- Faba bean seeds were soaked in sterilized water for 6 hours on previous day of sowing then air dried

However, in the presence of F. solani f. sp. fabae,
T. harzianum and P. polymyxa treatments gave the
highest increase of conjugated phenols over un-
treated control followed by salicylic acid and Bion
treatments. Moreover, the least values in total, free
and conjugated phenols were recorded in healthy
control treatment (Table 7 A and B).

DISCUSSION
Faba bean (Vicia fabae L.) is one of the most

important winter legume crop grown in northern
eastern Africa i.e. Egypt, Sudan and Ethiopia. It is

a valuable protein-rich food since it contains ap-
proximately 250 g protein/kg seed (Multari et al
2015). However, roots rot diseases caused by R.
solani Kiihn and F. solani (Mart.) Sacc. f. sp. fabae
Yu & Fang are a major cause of yield instability
and losses for faba bean production in most areas
of the world (Yu and Fang, 1948; Abdel-Monaim,
2013; and Eshetu et al 2013). Plant pathologists
make great efforts to minimise the use of synthetic
fungicides and to optimise the use of alternative
management strategies to control soil-borne path-
ogens. Acquired resistance that increases plant
resistance to subsequent pathogen attack, by us-
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ing biotic (microorganisms) or abiotic (chemicals)
agents as inducers seem to be one of alternatives
to substitute for, or at least to decrease the use of
fungicides in plant disease control. Resistance
induced by these agents (resistance elicitors) has
broad spectrum against numerous pathogens and
long lasting, but rarely provides complete control of
infection, as many resistance elicitors provide be-
tween 20 and 85% disease control (Kuc, 2001; da
Rocha & Hammerschmidt, 2005; Walters et al
2005 & 2013).

In the present work, seed treatment with Bion
{benzothiadiazole, (BTH)} and salicylic acid (SA)
induced systemic resistance in susceptible faba
bean plants (cv. Misr 1). The treatments enhanced
resistance against pre- emergence and post-
emergence damping- off caused by R. solani and
F. solani f. sp. fabae and highest percentage of
survived plants under green house and field condi-
tions, compared with the control. Furthermore, the
treatments increased the vegetative and seed
growth parameters of faba bean plants under field
conditions.

In this respect, the BTH previously showed to
be an efficient broad-spectrum resistance inducer
against bacterial, fungal and viral diseases in dif-
ferent monocot and dicot crops (Walters et al
2013). Early, it was shown to induce a typical SAR
response in wheat and tobacco, effective against
different pathogens and resulting in induced ex-
pression of Systemic Acquired Resistance “SAR”
genes (Gorlach et al 1996 and Friedrich et al
1996). Benzothiadiazole (BTH) is widely reported
to induce resistance against a broad spectrum of
pathogens in many plant species for example in
common bean against Uromyces appendiculatus
(Iriti and Faoro, 2003); in pea against Uromyces
pisi (Barilli et al 2010a and 2010b); in faba bean
against Uromyces viciae-fabae  and Orobanche
crenata (Sillero et al 2012). The mechanisms of
BTH-induced plant resistance have been shown to
involve the activation of SAR mechanisms based
on the salicylic acid (SA) pathway (Friedrich et al
1996), with consequent up-regulation of defence
genes (Bovie et al 2004) and accumulation of
phenolic compounds (Iriti et al 2004); induced
synthesis of chitinase and [(-1,3-glucanase iso-
zymes (Burketova et al 1999); also, activating
resistance by increasing the activity of peroxidase
(POD) (Sarma et al 2007) and the accumulation
of pathogenesis-related (PR) proteins chitinase
and H;0;, some of which possess antimicrobial
properties (Sauerborn et al 2002). The beneficial
effect of BTH in reducing the extent of fungal colo-

nization in the root tissues is primarily associated
with a massive accumulation of structural barriers
i.e. wall appositions (Benhamou, 1996).

However, in greenhouse and field experiments,
the highest percentage of disease reduction over
the control followed Bion (5mM) treatment was
obtained from treatment with salicylic acid (5mM).
The role of salicylic acid in plants was recorded for
the first time in 1979 (White, 1979). Treatment with
SA and its derivative induced expression of patho-
genesis-related (PR) proteins (Malamy et al 1990
and Gaffney et al 1993). So salicylic acid as a key
plant hormone plays an important role in induction
of plant defence against a variety of biotic and abi-
otic stresses through morphological, physiological
and biochemical mechanisms (Kumar, 2014). It
regulates the activities of various enzymes such
as, peroxidase (POD), polyphenol oxidase PPO,
phenylalanine ammonia lyase (PAL) etc., which
are the major components of induced plant de-
fence against biotic and abiotic stresses (ldrees et
al 2011).

On the other side, treatment with P. polymyxa,
the genus which was created by Ash et al in 1993
to accommodate the former ‘group 3’ of the genus
Bacillus, had also a significant effect on damping
off reduction and significantly enhanced the vege-
tative and seed growth parameters of faba bean
plants under greenhouse and field conditions com-
pared with untreated control, although, its treat-
ment was less effective than Bion. Previous reports
have shown that P. polymyxa controls many soil
and foliar pathogens in the greenhouse and in the
field (Dijksterhuis et al 1999; Beatty & Jensen,
2002; Ryu et al 2006; Raza et al 2009; Phi et al
2010; and Raza et al 2015). P. polymyxa is known
for its ability to produce antimicrobial compounds
(produced by some but not all strains) act against
fungi, bacteria and actinomycetes including ga-
vaserin and saltavidin (Pichard et al 1995); polyx-
in (Piuri et al 1998); fusaricidins (Beatty & Jen-
sen, 2002); polymyxins and lantibiotics (He et al
2007); and LI-F antibiotics (Deng et al 2011). More
than that, P. polymyxa strains are capable of pro-
ducing several hydrolytic enzymes, including 1,3-
glucanases and chitinases which are considered
key enzymes in control of fungal plant diseases
(Mavingui & Heulin, 1994 and Jung et al 2003
and Raza et al 2009) as well as some isolates
have siderophore-producing capabilities. The pro-
duction of these antibiotics could provide an ad-
vantage for establishing the population during the
germination of seeds. Plant growth promotion may
be an indirect effect of this antibiotic production
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through the suppression of plant diseases in dis-
ease-carrying soil. One of the possible explana-
tions for growth promotion by P. polymyxa which
have also been reported that it produces many
plant growth stimulators, including auxin as indole-
3-acetic acid (Lebuhn et al 1997 and da Mota et
al 2008) ; cytokinin (Timmusk et al 1999); and
2,3-butanediol (Nakashimada et al 2000). So,
application of P. polymyxa in seed pelleting can be
used to manage pre- and post-emergence damp-
ing-off in plants (Choong-Min et al 2006).
Meantime, in this study, the Trichoderma
treatment had also a significant effect on damping-
off reduction and significantly enhanced the vege-
tative and seed growth parameters of faba bean
plants under greenhouse and field conditions com-
pared with untreated control. To some extent,
there was no significant difference between the
treatments by P. polymyxa and T. harzianum. The
genus Trichoderma has been known since at least
the 1920s for its ability to act as bio-control agents
against plant pathogens (Samuels, 1996). Many T.
harzianum isolates were previously found to con-
trol the development of R. solani and F. solani dis-
eases of many crops under greenhouse and field
conditions (Gallou et al 2009; Basak & Basak,
2011 and Kim & Knudsen, 2013). T. harzianum
was demonstrated to be very efficient producer of
a wide range of extracellular enzymes and some of
these were implicated in the biological control of
plant diseases (Almeida et al 2007). Some
Trichoderma biological control agents (BCAS) pro-
duce highly efficient siderophores that chelate iron
and stop the growth of other fungi (Chet and In-
bar, 1994). Substantial information provides sup-
port that the extraordinary capacity of T. harzianum
to attack the structures of phytopathogenic fungi
and sclerotial degradation by mycoparasitism
which has been observed for R. solani (Almeida et
al 2007). Meanwhile, T. harzianum is well known
producers of antibiotic (produced by some but not
all strains) that are toxic for phytopathogenic fungi,
including 6-pentyl-a-pyrone (Scarselletti and Faull
1994); Koninginins A, B, D, E and G (Almassi et
al 1991 and Ghisalberti & Rowland, 1993); Har-
zianopyridone (Dickinson et al 1989 and Vinale
et al 2006); Harzianic acid (Vinale et al 2009);
Azaphilones (Vinale et al 2006); Harzianolide
(Almassi et al 1991; Claydon et al 1991 and
Vinale et al 2006); and Trichorzianines A (ElHajji
et al 1987). Strains of Trichoderma are always
associated with plant roots and root ecosystems.
However, some authors have defined Trichoderma
strains as plant symbiont opportunistic avirulent

organisms, able to colonize plant roots by mecha-
nisms similar to those of mycorrhizal fungi and to
produce compounds that stimulate growth and
plant defense mechanisms (Harman et al 2004).
Trichoderma strains that produce cytokinin-like
molecules, e.g. zeatyn and gibberellin GA3 or
GA3-related, have been detected (Benitez et al
2004). Furthermore, Strains of Trichoderma added
to the rhizosphere protect plants against numerous
classes of pathogens, e.g. those that produce aer-
ial infections, including viral, bacterial and fungal
pathogens, which points to the induction of re-
sistance mechanisms similar to the hypersensitive
response (HR), systemic acquired resistance
(SAR), and induced systemic resistance (ISR) in
plants (Harman et al 2004).

However, the present results indicated that
treatments with Bion, salicylic acid and P. poly-
myxa as seed treatments were effective in eliciting
the enzyme activities (peroxidase PO and poly-
phenol oxidase PPO) in the presence of R. solani
or F. solani f. sp. fabae, and the maximum activi-
ties of the two enzymes were observed with Bion
treatment. The increase of activity was associated
with increasing resistance against infection by
many diseases (Wang et al 2000). For many
years, the role of oxidative enzymes and their met-
abolic products in the plant defence mechanism
has been extensively studied (Hammerschmidt et
al 1982). The oxidation of phenols is mediated by
the enzymes PO and PPO and the resulting qui-
nones are effective inhibitors of SH group of en-
zymes which may be inhibiting to the pathogen
(Goodman et al 1967). Peroxidase is reported to
have an important function in secondary cell wall
biosynthesis by polymerizing hydroxy and methox-
ycinnamic alcohols into lignin and forming rigid
cross-links between cellulose, pectin, hydroxypro-
line-rich glycoproteins (HRGP) and lignin (Grise-
bach, 1981). Therefore, Peroxidase may be direct-
ly associated with the increased ability of systemi-
cally protected tissue to lignify which may restrict
the penetration (Gross, 1979). Meantime, poly-
phenoloxidase (PPO) is a widespread enzyme
found in plant cells, located in the chloroplast
thylakoid membranes and plays an important role
in plant resistance. However, it indicates the high-
est activity toward hydroxylation of monophenols to
diphenols, and is capable of dehydrogenating of o-
diphenols to produce o-quinones (antimicrobial
compounds) as well as lignifications of plant cells
during microbial invasion (Meyer, 1987). Polyphe-
noloxidases are suggested to be indirectly involved
in auxin biosynthesis because the o-quinones pro-
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duced then can react with tryptophan to form in-
dole-3-acetic acid (Mayer and Harel, 1979). Fur-
thermore, the treatments led to increase the phe-
nolic compounds content compared with the un-
treated control. In this respect, the role of phenolic
compounds in disease resistance was postulated
by many authors (Nicholson and Ham-
merschmidt, 1992). They indicated that, phenols
are oxidized to quinones or semi-quinones which
are more toxic and play a great role as antimicro-
bial substances on the invaded pathogen (Farkas
& Kiraly, 1962). From the obtained results, it can
be concluded that treatments with Bion, salicylic
acid and P. polymyxa as seed treatments in-
creased plant resistance against the infection by R.
solani, or F. solani f. sp. fabae, improved plant
growth, yield, accumulation of some antimicrobial
substances such as phenolic compounds and in-
creasing activity of defence related enzymes. Such
these treatments may be used as a part of inte-
grated disease management for field crops in order
to avoiding the use of fungicides.

REFERENCE

Abdel-Monaim, M.F. 2013. Improvement of bio-
control of damping-off and root rot/wilt of faba
bean by salicylic acid and hydrogen peroxide.
Mycobiology, 41, 47-55.

Abdel-Razik, (Sahar) A., Sallam, Nashwa, M.A.,
Eraky, Amal, M.l. and Hassan, M.H.A. 2012.
Integrated control of root rot and wilt diseases
of faba bean by soil amendment with suppres-
sive compost in combination with seed coating
with an antagonistic yeast. Archives of Phy-
topathology and Plant Protection, 45, 1692—
1704.

Abou-Zeid, N.M., El-Morsy, G.A., Hassanein,
A.M. and Arafa, M.K. 1997. Major organisms
causing root-rot & wilt and their relative im-
portance on faba bean, lentil and chickpea.
Egypt J. Agric. Res., 75,529-542.

Almassi, F., Ghisalberti, E.L., Narbey, M.J. and
Sivasithamparam, K. 1991. New antibiotics
from strains of Trichoderma harzianum. J. Nat.
Prod., 54: 396-402.

Almeida, F.B. dos R., Cerqueira, F.M., Silva, R.
do N., Ulhoa, C.J. and Lima, A.L. 2007. My-
coparasitism studies of Trichoderma harzianum
strains against Rhizoctonia solani: evaluation of
coiling and hydrolytic enzyme production. Bio-
technology Letters, 29,1189-1193.

Anonymous, 2015. Food and Agricultural Organi-
zation (FAO) of the United Nations,
http://fac.org

Ash, C.; Priest, F.G. and Collins, M.D. 1993.
Molecular identification of rRNA group 3 bacilli
(Ash, Farrow, Wallbanks and Collins) using a
PCR probe test, Proposal for the creation of a
new genus Paenibacillus. Antonie Van Leeu-
wenhoek, 64, 253—-260.

Assuncao, |.P., Nascimento, L.D., Ferreira, M.F.,
Oliveira, F. J., Michereff, S.J. and Lima, G.S.
A. 2011. Reaction of faba bean genotypes to
Rhizoctonia solani and resistance stability.
Horticultura Brasileira, 29, 492-497.

Bal, A.S. and Chanway, C.P. 2012. Evidence Of
Nitrogen Fixation In Lodgepole Pine Inoculated
With  Diazotrophic Paenibacillus  Polymyxa.
Botany, 90, 891-896.

Barilli, E., Prats, E. and Rubiales, D. 2010a.
Benzothiadiazole And Baba Improve Re-
sistance To Uromyces Pisi (Pers.) Wint. In Pi-
sum Sativum L. With An Enhancement of En-
zymatic Activities And Total Phenolic Content.
Eur. J. Plant Pathol., 128, 483-493.

Barilli, E., Sillero, J.C. and Rubiales, D. 2010b.
Induction of systemic acquired resistance in
pea against rust (Uromyces pisi) by exogenous
application of biotic and abiotic inducers. J.
Phytopathol., 158, 30-34.

Basak, A.C. and Basak, S.R. 2011. Biological
control of Fusarium solani f. sp. dalbergiae, the
wilt pathogen of Dalbergia sissoo, by Tricho-
derma viride and T. harzianum. Journal of
Tropical Forest Science, 23, 460-466.

Beatty, P.H. and Jensen, S.E., 2002. Paenibacil-
lus polymyxa produces fusaricidin-type antifun-
gal antibiotics active against Leptosphaeria
maculans, the causative agent of blackleg dis-
ease of canola. Can. J. Microbiol., 48, 159-
169.

Benhamou, N. 1996. Elicitor-induced plant de-
fence pathways. Trends in Plant Sciences, 1,
233-240.

Benitez, T., Rincon, A.M., Limon, M.C. and Co-
don, A.C. 2004. Biocontrol mechanisms of
Trichoderma strains. Int. Microbiolo., 7, 249-
260.

Boeswinkel, H. J. 1976. Storage of fungal cultures
in water. Trans. Br. Mycol. Soc., 66, 183-185.

Booth, C. 1971. The Genus Fusarium. Common-
wealth Mycological Institute, Kew, Surrey, Unit-
ed Kingdom.

Bovie, C., Ongena, M., Thonart, P. and
Dommes, J. 2004. Cloning and expression

Arab Univ. J. Agric. Sci., 24(2), 2016



Induction of resistance against damping-off and root rot diseases in faba bean 573

analysis of cDNAs corresponding to genes ac-
tivated in cucumber showing systemic acquired
resistance after BTH treatment. BMC Plant Bi-
ology, 26, 4-15.

Burketova, L., Sindelarova, M. and Sindelar, L.
1999. Benzothiadiazole as an inducer of §-1,3-
glucanase and chitinase isozymes in sugar
beet. Biologia Plantarum, 42: 279-287.

Chakraborty, M.R. and Chatterjee, N.C. 2007.
Interaction of Trichoderma harzianum with
Fusarium solani during its pathogenesis and
the associated resistance of the host. Asian J.
Exp. Sci., 21, 351-355.

Chet, I. and Inbar, J. 1994. Biological control of
fungal pathogens. Appl Biochem Biotechnol.,
48:37-43.

Choong-Min, R., Jinwoo, K., Okhee, C., Seuk, H.
K. and Chang, S. P. 2006. Improvement of
biological control capacity of Paenibacillus pol-
ymyxa E681 by seed pelleting on sesame. Bio-
logical Control, 39, 282-289.

Claydon, N., Hanson, J.R., Truneh, A. and
Avent, A.G. 1991. Harzianolide, a butenolide
metabolite from cultures of Trichoderma harzi-
anum. Phytochemistry, 30, 3802- 3803.

Cubero, J. I. 1974. On the evolution of Vicia faba.
Theoretical and Applied Genetics, 45, 47-51.

da Mota, F.F., Gomes, E.A. and Seldin, L. 2008.
Auxin production and detection of the gene
coding for the auxin efflux carrier (AEC) protein
in Paenibacillus polymyxa. J. Microbiol., 56,
275-264.

da Rocha, A.B. and Hammerschmidt, R. 2005.
History and Perspectives on the Use of Dis-
ease Resistance Inducers in Horticultural
Crops. HortTechnology, 15, 518-529.

Deng, Y., Lu, Z., Lu, F.,, Zhang, C., Wang, Y.,
Zhao, H. and Bie, X. 2011. Identification of LI-
F type antibiotics and di-n-butyl phthalate pro-
duced by Paenibacillus polymyxa. J. Microbi-
ol. Methods, 85, 175-182.

Dickinson, J.M., Hanson, J.R., Hitchcock, P.B.
and Claydon, N. 1989. Structure and biosyn-
thesis of harzianopyridone, an antifungal me-
tabolite of Trichoderma harzianum. J. Chem.
Soc. Perkin. Trans., 1, 1885- 1887.

Dijksterhuis, J., Sanders, M., Gorris, L.G.M. and
Smid, E. J. 1999. Antibiosis plays a role in the
context of direct interaction during antagonism
of Paenibacillus polymyxa towards Fusarium
oxysporum. J. Appl. Microbiol., 86, 13-21.

Eisa, (Nawal) A., El-Habbaa, G.M., Omar, S.M.
And El-Sayed, (Sahar) A. 2006. Efficacy Of
Antagonists, Natural Plant Extracts And Fungi-

cides In Controlling Wilt, Root Rot And Choco-
late Spot Pathogens Of Faba Bean In Vitro.
Ann. Agric. Sci. Moshtohar, 44, 1547-1570.

Elhajji, M., Rebuffat, S., Lecommandeur, D. And
Bodo, B. 1987. Isolation And Sequence De-
termination of Trichorzianines A Antifungal
Peptides From Trichoderma harzianum. Inter-
national Journal Of Peptide And Protein Re-
search, 29, 207-215.

Elsaid, Ayat M.; Shehata, S.T., Abd-El-Moity,
T.H. and Aly, M.M. 2005. Evaluation Of Single
Or Combined Isolates of Trichoderma Harzi-
anum In Different Formulations For Controlling
Root Rot Diseases of Strawberry. Annals
Agric. Sci., Ain Shams Univ., Cairo, 50, 601-
611.

Eshetu, B.; Amare, A. and Seid, A. 2013. Asso-
ciations of Biophysical Factors with Faba Bean
Root Rot (Fusarium Solani) Epidemics In The
North Eastern Highlands of Ethiopia. Crop Pro-
tection, 52, 39-46.

Farkas, G.L. and Z. Kiraly. 1962. Role Of Phenol-
ic Compounds In The Physiology Of Plant Dis-
eases And Disease Resistance. Phytopath. Z.,
44, 105-150.

Friedrich, L., Lawton, K., Ruess, W., Masner, P.,
Specker, N., Gut Rella, M., Meier, B., Dinch-
er, S., Staub, T., Uknes, S., Metraux, J.P.,
Kessmann, H. and Ryals, J. 1996. A Benzo-
thiadiazole Derivative Induces Systemic Ac-
quired Resistance In Tobacco. The Plant
Journal, 10, 61-70.

Gaffney, T., Friedrich, L., Vernooij, B., Negrotto,
D., Nye, G., Uknes, S., Ward, E., Kessmann,
H. and Ryals, J. 1993. Requirement of salicylic
acid for the induction of systemic acquired re-
sistance. Science, 261, 754-756.

Gallou, A., Cranenbrouck, S. and Declerck, S.
2009. Trichoderma harzianum elicits defence
response genes in roots of potato plantlets
challenged by Rhizoctonia solani. European
Journal of Plant Pathology, 124, 219-230.

Gaskill, J.O. 1968. Breeding for Rhizoctonia re-
sistance in sugarbeet. J. Am. Soc. Sugar Beet
Technol., 15, 105-119.

Ghisalberti E.L. and Rowland C.Y. 1993. Anti-
fungal metabolites from Trichoderma harzi-
anum. J. Nat. Prod., 56, 1799-1804.

Goodman, R.N., Kiraly, Z. and Zaitlin, M. 1967.
The Biochemistry and Physiology of Infectious
plant Diseases. Van Nostrand Co. Inc., Prince-
ton, New Jersey, 354 p.

Gorlach, J., Volrath, S., Knauf-Beiter, G.,
Hengy, G., Beckhove, U., Kogel, K.H.,

Arab Univ. J. Agric. Sci., 24(2), 2016



574 Marwa Atwa

Oostendorp, M., Staub, T., Ward, E., Kess-
mann, H. and Ryals, J. 1996. Benzothiadia-
zole, a novel class of inducers of systemic ac-
quired resistance, activates gene expression
and disease resistance in wheat. Plant Cell, 8,
629-643.

Grisebach, H. 1981. Lignin. In: The Biochemistry
of Plants, Vol. 7, Ed. by E.E. Conn, Academic
Press, New York, pp. 451-478.

Gross, G.G. 1979. Recent advances in chemistry
and biochemistry of lignin. Recent Advances
in Phytochemistry, 12, 177-220.

Hadar, Y.; Chet, I. and Henis, Y.A. 1979. Biologi-
cal control of Rhizoctonia solani damping off
with wheat bran culture of Trichoderma harzi-
anum. Phytopathology, 69, 64-68.

Hammerschmidt, R., Nuchles, E.M. and Kuc, J.
1982. Association of enhanced peroxidase ac-
tivity which induce systemic resistance of cu-
cumber to Colletotrichum lagenarium. Physiol.
Plant Pathol., 20, 73-82.

Harman, G.E., Howell, C.R., Viterbo. A., Chet, I.
and Lorito, M. 2004. Trichoderma species-
opportunistic, avirulent plant symbionts. Nature
Rev., 2, 43-56.

He, Z., Kisla, D., Zhang, L., Yuan, C.H., Green-
Church, K.B. and Yousef, A. E. 2007. Isola-
tion and identification of a Paenibacillus poly-
myxa strain that coproduces a novel lantibiotic
and polymyxin. Appl. Environ. Microbiol., 73,
168-178.

Hugar, M.F.A.A. 2004. Effect of adding some bio-
control agents on some target microorganisms
in root diseases in infecting soybean and broad
bean plants. M.Sc. Thesis, Fac. Agric.,
Moshtohor, Benha Branch, Zagazig University.

Idrees, M., Naeem, N., Aftab, T., Khan, M.M.A.
and Moinuddin, 2011. Salicylic acid mitigates
salinity stress by improving antioxidant defence
system and enhances vincristine and vinblas-
tine alkaloids production in  periwinkle
[Catharanthus roseus (L.) G. Don]. Acta Phys-
iol. Plant., 33, 987-999.

Iriti, M. and Faoro, F. 2003. Benzothiadiazole
(BTH) induces cell-death independent re-
sistance in Phaseolus vulgaris against Uromy-
ces appendiculatus. J. Phytopathol., 151, 171-
180.

Iriti, M., Rossoni, M., Borgo, M. and Faoro, F.
2004. Benzothiadiazole enhances resveratrol
and anthocyanin biosynthesis in grapevine,
meanwhile improving resistance to Botrytis ci-
nerea. J. Agric. Food Chem., 52, 4406-4413.

Jain, S., Vaishnav, A., Kasotia, A., Kumari, S.,
Gaur, R. K. and Choudhary, D. K. 2013. Bac-
teria induced systemic resistance and growth
promotion in Glycine max L. Merrill upon chal-
lenge inoculation with Fusarium oxysporum.
Proc. Natl. Acad. Sci. India, Sect. B, Biol.
Sci., 83, 561-567.

Jung, W.J., An, K.N,, Jin, Y.L., Park, R.D., Lim,
K.T., Kim, K.Y and Kim, T.H. 2003. Biological
control of damping off caused by Rhizoctonia
solani using chitinase producing Paenibacillus
illinoisensis KJA-424. Soil Biol. Biochem., 35,
1261-1264.

Katan, R. 1980. Trichoderma harzianum, a biocon-
trol agent effective against Sclerotium rolfsii
and Rhizoctonia solani. Phytopathology, 70,
119-121.

Kim, T.G. and Knudsen, G.R. 2013. Relationship
between the biocontrol fungus Trichoderma
harzianum and the phytopathogenic fungus
Fusarium solani f.sp. pisi. Applied Soil Ecolo-
gy, 68, 57-60.

Kuc, J. 2001. Concepts and direction of induced
systemic resistance in plants and its applica-
tion. Eur. J. Plant Pathol., 107, 7-12.

Kumar, D. 2014. Salicylic acid signalling in dis-
ease resistance. Plant Science, 228,127-134.

Lebuhn, M., Heulin, T. and Hartmann, A. 1997.
Production of auxin and other indolic and phe-
nolic compounds by Paenibacillus polymyxa
strains isolated from different proximity to plant
roots. FEMS Microbiol. Ecol., 22, 325-334.

Leslie, J.F. And Summerell, B.A. 2006. The
Fusarium laboratory manual. Blackwell Publish-
ing, lowa, USA, 388p.

Maksimov, V., Abizgil’dina, R.R. and Pusenko-
va, L. . 2011. Plant growth promoting rhizo-
bacteria as alternative to chemical crop protec-
tors from pathogens (Review). Applied Bio-
chemistry and Microbiology, 47, 373-385.

Malamy, J., Carr, J.P., Klessig, D.F. and Raskin,
I. 1990. Salicylic acid a likely endogenous sig-
nal in the resistance response of tobacco to vi-
ral infection. Science, 250, 1002-1004.

Mavingui, P. and Heulin, T. 1994. In vitro chi-
tinase and antifungal activity of a soil, rhizo-
sphere and rhizoplane population of Bacillus
polymyxa. Soil Biol. Biochem., 26, 801-803.

Mayer, A.M. and Harel, E. 1979. Polyphenoloxi-
dases in plants. Phytochemistry, 18, 193-215.

Meyer, A.M. 1987. Polyphenol oxidases in plants —
recent progress. Phytochemistry, 26, 11-20.

Multari, S., Stewart, D. and Russell, W. 2015.
Potential of fava bean as future protein supply

Arab Univ. J. Agric. Sci., 24(2), 2016



Induction of resistance against damping-off and root rot diseases in faba bean 575

to partially replace meat intake in the human
diet. Comprehensive Reviews in Food Sci-
ence and Food Safety, 14,511-522.

Nakashimada, Y., Marwoto, B., Kashiwamura,
T., Kakizono, T. and Nishiol, N. 2000. En-
hanced 2,3-butanediol production by addition of
acetic acid in Paenibacillus polymyxa. J. Bi-
osci. Bioeng., 90, 661-664.

Nicholson, R. L. and Hammerschmidt, R. 1992.
Phenolic Compounds And Their Role In Dis-
ease Resistance. Annual Review of Phyto-
pathology, 30, 369-389.

Omar, S.A.M. 1986. Pathological studies on root
rot disease of faba bean (Vicia faba L.). FABIS
Newsletter, Faba Bean Information Service,
ICARDA, No. 14, 34-37.

Papavizas, G.C. and Davey, C. B. 1962. Isolation
and pathogenicity of Rhizoctonia saprophytical-
ly existing in soil. Phytopathology, 52, 834-
840.

Phi, Quyet-Tien., Yu-Mi, P., Keyung-Jo, S,
Choong-Min, R., Seung-Hwan, P., Jong-Guk,
K. and Sa-Youl, G. 2010. Assessment of root-
associated Paenibacillus polymyxa groups on
growth promotion and induced systemic re-
sistance in pepper. J. Microbiol. Biotechnol.,
20, 1605-1613.

Pichard, B., Larue, J.P. and Thouvenot, D. 1995.
Gavaserin and saltavalin, new peptide antibiot-
ics produced by Bacillus polymyxa. FEMS Mi-
crobiology Letters, 133, 215-218.

Piuri, M., Sanchez-Rivas, C. and Ruzal, S.M.
1998. A novel antimicrobial activity of a Paeni-
bacillus polymyxa strain isolated from regional
fermented sausages. Lett. Appl. Microbiol.,
27:9-13.

Raza, W., Yang, W. and Shen, Q.R. 2008. Paeni-
bacillus Polymyxa: Antibiotics, Hydrolytic En-
zymes and Hazard Assessment. Journal of
Plant Pathology, 90, 419-430.

Raza, W., Yang, X.M., Wu, H.S., Wang, Y., Xu,
Y.C. and Shen, Q.R. 2009. Isolation and char-
acterization of fusaricidin-type compound pro-
ducing strain of Paenibacillus polymyxa SQR-
21 active against Fusarium oxysporum f. sp.
nevium. Eur. J. Plant Pathol., 125, 471-483.

Raza, W., Yuan, J., Ling, N., Huang, Q. and
Shen, Q. 2015. Production of volatile organic
compounds by an antagonistic strain Paeni-
bacillus polymyxa WR2 in the presence of root
exudates and organic fertilizer and their anti-
fungal activity against Fusarium oxysporum f.
sp. niveum. Biological Control, 80, 89-95.

Rifai, M.A. 1969. A Revision of the Genus Tricho-
derma. Mycological paper No.116, 56 p. Com-
monwealth Mycological Institute, Kew, Surrey,
England.

Rini, C.R. and Sulochana, K.K. 2007. Substrate
evaluation for multiplication of Trichoderma
spp. Journal of Tropical Agriculture, 45, 58—
60.

Ryu, C.M., Kim, J.W., Choi, O.H., Kim, S H. and
Park, C.S. 2006. Improvement of biological
control capacity of Paenibacillus polymyxa
E681 by seed pelleting on sesame. Biological
Control, 39, 282-289.

Sadasivam, S. and Manickam, A. 1996. Bio-
chemical Methods. Second Ed. New Age Int.
Pvt. Ltd. Pub. and T.N. Agricul. Univ. Coimba-
tore, Tamil Nadu, India, pp. 108-110.

Samuels, G.J. 1996. Trichoderma: a review of
biology and systematics of the genus. Mycol
Res. 100, 923-935.

Sarma, B.K., Ameer Basha, S., Singh, D.P. and
Singh, U.P. 2007. Use of non-conventional
chemicals as an alternative approach to protect
chickpea (Cicer arietinum) from Sclerotinia
stem rot. Crop Prot., 26, 1042-1048.

Sauerborn, J., Buschmann, H., Ghiasi, K.G. and
Kogel, K.H. 2002. Benzothiadiazole activates
resistance in sunflower (Helianthus annuus) to
the root-parasitic weed Orobanche cumana.
Phytopathology, 92, 59-64.

Scarselletti, R. and Faull, J.L. 1994. In Vitro ac-
tivity of 6-pentyl-a-pyrone, a metabolite of
Trichoderma harzianum, in the inhibition of
Rhizoctonia solani and Fusarium oxysporum f.
sp. lycopersici. Mycol Res, 98, 1207-1209.

Sharma, P. and Sain, S.K. 2004. Induction of sys-
temic resistance in tomato and cauliflower by
Trichoderma spp. against stalk rot pathogen,
Sclerotinia sclerotiorum Lib de Bary. Journal
of Biological Control, 18, 21-27.

Shehata, S.T.; Mosbah, M.M. and Hegazi, M.F.
2006. Selection of biocontrol agents for control
of onion white rot disease. J. Agric. Sci.
Mansoura Univ., 31, 2621-2637.

Shoresh, M., Harman, G.E. and Mastouri, F.
2010. Induced systemic resistance and plant
responses to fungal biocontrol agents. Annu.
Rev. Phytopathol, 48, 21-43.

Sillero, J.C., Rojas-Molina, M.M., Avila, C.M. and
Rubiales, D. 2012. Induction of systemic ac-
quired resistance against rust, ascochyta blight
and broomrape in faba bean by exogenous ap-
plication of salicylic acid and benzothiadiazole.
Crop Protection, 34, 65-69.

Arab Univ. J. Agric. Sci., 24(2), 2016



576 Marwa Atwa

Silva, F. de A.S.E. and de Azevedo, C.A.V. 2009.
Principal Components Analysis in the Software
Assistat-Statistical Attendance. In: World Con-
gress on Computers In Agriculture, 7, Reno-
NV-USA: American Society of Agricultural and
Biological Engineers.

Sivan, A., Elad, Y. and Chet, |. 1984. Biological
control effects of a new isolate of Trichoderma
harzianum on Pythium aphanidermatum. Phy-
topathology, 74, 498-501.

Sneh, B., Burpee, L. and Ogoshi, A. 1991. Identi-
fication of Rhizoctonia species, 133p. American
Phytopathological Society Press, Saint Paul,
USA.

Snell, F.D. and Snell, C.T. 1953. Calorimetric
methods of analysis, including some turbidimet-
ric and nephelometric methods. Third edition,
Volume Il (Organic 1), 606 p., D. Van Nostrand
CO. Inc., Princeton, New Jersey, USA.

Sutha, R., Ramiah, M. and Rajappan, K. 1998.
Changes in protein and amino acid composition
of tomato due to a tospovirus infection. Indian
Phytopath., 51, 136-139.

Tewari, L. and Bhanu, C. 2004. Evaluation of
agro-industrial wastes for conidia based inocu-
lum production of bio-control agent: Trichoder-
ma harzianum. Journal of Scientific and In-
dustrial Research, 63, 807-812.

Thakur, M. and Sohal, B.S. 2013. Role of elicitors
in inducing resistance in plants against patho-
gen infection: a review. ISRN Biochemistry:
2013, Article ID 762412, 10 p.

Timmusk, S., Nicander, B., Granhall, U. and
Tillberg, E. 1999. Cytokinin production by
Paenibacillus polymyxa. Soil Biol. Biochem.,
31, 1847-1852.

Verhagen, B.W., Glazebrook, J., Zhu, T., Chang,
H.S., van Loon, L.C. and Pieterse, C.M. 2004.
The transcriptome of rhizobacteria induced sys-
temic resistance in Arabidopsis. Mol. Plant Mi-
crobe Interact, 17, 895-908.

Vinale, F., Flematti, G., Sivasithamparam, K.,
Lorito, M., Marra, R., Skelton, B.W.
and Ghisalberti, E.L. 2009. Harzianic acid, an
antifungal and plant growth promoting metabo-
lite from Trichoderma harzianum. J. Nat. Prod.,
72, 2032-2035.

Vinale, F., Marra, R., Scala, F., Ghisalberti, E.L.,
Lorito, M. and Sivasithamparam, K. 2006.
Major secondary metabolites produced by two
commercial Trichoderma strains active against
different phytopathogens. Lett. App. Microbi-
ol., 43, 143-148.

Walters, D.R., Ratsep, J. and Havis, N.D. 2013.
Controlling crop diseases using induced re-
sistance: challenges for the future. J. Exp.
Bot., 64, 1263-1280.

Walters, D.; Walsh, D.; Newton, A. and Lyon, G.
2005. Induced resistance for plant disease con-
trol: Maximizing the efficacy of resistance elici-
tors. Phytopathology, 95,1368-1373.

Wang, F., Gao, R.J., Li, J.0., Wu, X.H. and Geny,
P.T. 2000. Effect of difenoconazole on the
growth and activities of disease resistance re-
lated enzymes in wheat seedlings from treated
seeds. Acta Phytopathologica Sinica, 30,
213-216.

Wang, Y., Shi, Y., Li, B., Shan, C., Ibrahim, M.,
Jabeen, A., Xie, G. And Sun, G. 2012. Phos-
phate Solubilization Of Paenibacillus Polymyxa
And Paenibacillus Macerans From Mycorrhizal
And Non-Mycorrhizal Cucumber Plants. AFR.
J. MICROBIOL. RES., 6, 4567-4573.

White, R.F. 1979. Acetylsalicylic Acid (Aspirin)
Induces Resistance to Tobacco Mosaic Virus in
Tobacco. Virology, 99, 410-412.

Yu, T.E. and Fang, C.T. 1948. Fusarium diseases
of broad bean. Ill. Root-rot and wilt of broad
beans caused by two new forms of Fusarium.
Phytopathology, 38, 507-594.

Arab Univ. J. Agric. Sci., 24(2), 2016


http://www.ncbi.nlm.nih.gov/pubmed/?term=Lorito%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19894739
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marra%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19894739
http://www.ncbi.nlm.nih.gov/pubmed/?term=Skelton%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=19894739
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghisalberti%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=19894739

