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ABSTRACT

This study has aimed at isolating and characterizing rhizobacteria having biocontrol traits against chocolate
spot (Botrytis fabae L.) that attacks faba bean. Accordingly, a total of 52 rhizobacterial isolates were
recovered from rhizosphere of faba bean and screened for biocontrol activities against the test pathogen
using dual culture method. Of these, only 50% of them showed inhibition against the pathogen. All the 26
isolates with antagonistic activities against Botrytis fabae were characterized using standard microbiological
methods. The isolates inhibited the radial growth of the pathogen at an inhibition percentage ranging to 52.5-
85.8%. Among these isolates, 17(65.38%) of them were Gram negative. Regarding the isolates’ plant growth
promoting properties, 26(100%), 23(88.5) and 21(80.8%) were positive for nitrogen fixation, phosphate
solubilisation and indole acetic acid production, respectively. The minimum and maximum phosphate
solubilisation indexes of the isolates were 2.3 and 4.1 cm, respectively. The hydrolytic enzyme production
test showed that 25(96.2%), 15(57.69%) and 14(53.84%) of isolates produced protease, chitinase and
cellulase, respectively. Moreover, all (100%) and 6(23.07%) of the rhizobacterial isolates produced
ammonia and hydrogen cyanide, respectively. Several isolates showed better growth at lower and higher
temperature ranges and salt concentrations. Similarly, the majority of these isolates showed better resistance
to the tested antibiotics and heavy metals with a decreased growth response to tetracycline and mercury.
Elite isolates (WUFBI 6A and WUFBI 9D) which showed the highest performance in all the tests can be
recommended as inoculants for application under greenhouse conditions and field test.
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INTRODUCTION

Faba bean (Vicia faba L.) is the fourth most
important food legumes next to pea, chickpea and
lentil in the world (Torres et al., 2006). Faba bean
is highly nutritious crop with high protein content
(up to 35% in dry seeds), and is a good source of
many nutrients, such as K, Ca, Mg, Fe, and Zn
(Lizarazo et al., 2015). In addition, its seeds
contain several other bioactive compounds
including polyphenols (Turco et al., 2016),
carotenoids (Neme et al., 2015), and 51-68% of
carbohydrates (Landry et al., 2016). Besides food
and feed, it is an excellent nitrogen fixer due to the
crops ability to form endosymbiotic association
with root nodulating bacteria (rhizobia) group
called Rhizobium leguminosarum bv. Vicia (Sahile
et al., 2008).

The production of Faba bean in Ethiopia was
reported as 10,067,518.28 quintals (Central
Statistical Agency, 2020) indicating insignificant
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production rate. However, the total population of
Ethiopia is projected from 86 million to over 115
million implying the unmatched Faba bean
production and population growth. The production
of Faba bean needs to be boosted so as to satisfy
the food sustainability of the growing populations
of the country. There are abiotic and biotic factors
affecting faba bean production. Abiotic stresses
like heat, drought, frost, and salinity induce yield
losses. Drought can cause a decrease in output up
to 79 percent during the reproductive period of the
faba bean (Ammar et al.,, 2014). The biotic
factors, on the other hand, included the fungal
diseases ascochyta blight (caused by Ascochyta
fabae), chocolate spot (caused by Botrytis fabae),
rust (caused by Uromyces viciae-fabae and
Sclerotinia sclerotiorum (Lib.), root rot (caused by
Pythium spp.), stemphylium blight (caused by
Stemphylium botryosum Wallr.), the parasitic plant
broomrape (Orobanche crenata Forsk.), virus and
aphid species are the most important biotic stresses
worldwide that decrease Faba bean yield
(O’Sullivan & Angra, 2016).
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Checholate spot is the major fungal pathogen that
contributes to Faba bean production decline.
Different management options have been
developed to reduce the yield losses of Faba bean
caused by chocolate spots worldwide of which the
application of chemical fungicides, procymidone
and mancozeb reduced Checolate spot severity
(Sahile et al., 2008). However, their application
brought the development of resistance in Botrytis
cinerea and in Botrytis fabae against fungicides
has been reported (Sahile et al., 2008).
Nonetheless, biological control is the key strategy
to inhibit the fungal pathogen which is harmful to
Faba bean, especially rhizobacteria are the most
important biocontrol agent for the suppression of
fungal disease of Faba bean. Plant growth-
promoting rhizobacteria have been shown to
colonize the rhizosphere quickly, reduce soil-borne
diseases at the root surface, and are advantageous
to the plant by increasing growth (Moeinzadeh et
al., 2010).

Plant growth promoting rhizobacteria (PGPR)
colonize plant roots and enhance plant growth by a
wide variety of mechanisms (Ashrafuzzaman et al.,
2009). The main mechanisms by which plant
growth promoting rhizobacteria directly contribute
to plant growth include phytohormone production,
such as auxins, cytokinins and gibberellins,
enhancing plant nutrition by solubilization of
minerals such as phosphorus and iron, production
of siderophores and enzymes, and lowering
ethylene levels (Bhattacharyya & Jha 2012). The
indirect benefits of PGPR include bacterial
antagonism against phytopathogenic fungi via the
production of lytic (fungal cell wall degrading)
enzymes such as chitinase, cellulase, glucanase and
protease, antibiotic production (Whipps, 2001),
hydrogen cyanide (HCN) production (Voisard et
al.,, 1989), competition for nutrients, niche
exclusion, induced systemic resistance, and
antifungal metabolite production (Lugtenberg &
Kamilova, 2009). There is a growing interest in
using bacterial biocontrol agents to manage soil-
borne diseases, partially in reaction to public
concerns about the harmful effects of synthetic
fungicides and partly due to the lack of effective
control for soil-borne pathogens (Schmiedeknecht
et al., 2001). Chemical fungicides are not always
efficient in controlling phytopathogens (Huang et
al.,, 2012). They are not only pollutants to the
environment but also have negative health
consequences. Biological control of soil borne
illnesses and plant growth enhancement through
the introduction of certain microbes to seed or
planting materials have been investigated in this
direction in recent years (Swelim et al., 2003).

The application of rhizobacteria is steadily
increasing in agriculture and offers an attractive
way to replace chemical fertilizers, pesticides, and

supplements. Promoting agricultural efficiency
through increasing plant growth by applying eco-
friendly alternatives is essential and timely for
sustainable agricultural production. Thus, the
application of potentially selected microbial
inoculants is one of the preferred alternatives.
Limited research was conducted on Faba bean by
previous researcher (Keneni et. al., 2010) that
involved isolation and characterization of acid
tolerant Faba bean rhizobia. However, the isolation
and characterization of Faba bean rhizobacteria and
their plant growth and biocontrol effect on
Checolate spot is not yet conducted in the study
area. Thus, the main aim of this study was to
isolate rhizobacteria from Faba bean rhizosphere
soil and characterize them for screening potential
isolates that inhibit the growth of the fungal
pathogen, Botrytis fabae causing checolate spot on
Faba bean under laboratory conditions.

MATERIALS AND METHODS
Description of the Study Area:

The sampling sites of this study were Kutaber and
Dessie Zuria which are two districts of South
Wollo, Ethiopia selected based on their high Faba
bean production potential and prevalence of Faba
bean spot disease history and no inoculation of its
rhizobacteria bacteria. Rhizosphere soil samples
were collected from from 52 sampling sites from
October to December, 2020 during their flowering
stage and brought to Biotechnology laboratory at
Wollo University and kept at 4 °C refrigerator for
further work

Collection, isolation and purification of
Pathogenic and biocontrol Agents:

Faba bean leaves infected with Chocolate Spot
were collected using microbiological procedures.
After a thorough rinse with sterilized distilled
water, the infected plant part was sterilized by
dipping it in 1 % sodium hypochlorite (NaOCI) for
1-2 minutes. The contaminated plant component
was surface-sterilized before being placed on PDA
media and cultured at 28+2 °C for 5- 7 days
(Somasegaran & Hoben, 1994). Based on their
morphology and identification key guidelines, the
pathogen was recognized as Botrytis fabae after
culturing (Barnett & Hunter, 1987).

Rhizosphere soil samples were collected from Faba
bean growing fields of some district areas of South
Wollo during 2020. Serial dilution and spread
plating methods were used for the isolation of
rhizobacteria. Ten grams of rhizosphere soil was
taken in 250 ml Erlenmeyer flask containing 90 ml
sterile distilled water and mixed by shaking for 30
min (Vincent, 1970). Ten folds of serial dilutions
were conducted up to 107 to 10°of which 10 up
to 10° dilutions was taken for streaking on nutrient
agar. Aliquots of 0.1 ml were spread on plates
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containing nutrient agar media and incubated at
28+ 2°C for 2- 3 days. After 3 days, the bacterial
colonies were selected based on morphological
features.

Well-separated colony was selected and re-cultured
on nutrient agar repeatedly for obtaining pure
culture. The purified colonies were stored at 4°C
for immediate work and at -20°C for further work.
All isolates were designated as WUFPGPR (Wollo
University Faba Bean Plant Growth Promoting
Rhizobacteria).

Morphological ~ Characterization of  the

Antagonists:

The colony morphology and the gram reaction of
the isolates were determined using standard
protocol. The morphology of the bacterial isolates
was determined by growing them on nutrient agar
and incubating at 28+ 2 °C for 2-3 days as
described by Somasegaren and Hoben (1994),
whereas the gram reaction of the rhizobacterial
isolates was determined using the KOH technique
(Buck 1982). A drop of 3% KOH was poured on a
clean microscope slide, and a loop of rhizobacterial
colony was adequately mixed with it for | minute.
The mixture was lifted up about 1 cm from the
slide using an inoculating loop, and the presence
and absence of visible stringiness (viscosity) were
recorded as Gram-negative and Gram-positive
bacteria, respectively.

Dual Culture Antifungal Inhibition Test:

All rhizobacteria isolates were assessed for
potential antagonistic activity against Botrytis
fabae on PDA media amended with sucrose (0.5
%) using the dual culture technique (Rangeshwaran
& Prasad, 2000). A loop full of rhizobial isolates
were spot inoculated near the edge of the plates
and incubated at 28+ 2 °C for 48 hrs. After two
days, a 4 mm fungal disc was cut and placed at the
center of the plates. The plates inoculated with
phytopathogen but not bacteria were included as a
control. The plates were incubated at 28+ 2 °C for
5-7 days. To calculate the percent radial growth
inhibition (PIRG), the following equation (Riungu
et al., 2008) was used.

PIRG = ((C-T)/C)*100,

Where C is radial growth of fungus in control
plates (mm) and T is radial growth of fungus on
the plate inoculated with antagonist (mm).

Hydrolytic enzyme production:

Hydrolytic enzyme production potential of the
isolates was determined according to standard
protocols. The ability of the isolates to produce
chitinase was determined as described by Nisa et
al. (2010) using the composition media: 0.4% pure
chitin, 0.07% K,HPO,, 0.03% KH,PO,, 0.03%

NaCl, 0.001% FeSO,.7H,0, 0.05% MgS0O,.7H,0,
0.0001% MnCl,.4H,0, 0.02% vyeast extract, and
2% agar and incubated 28+ 2 °C for 2- 3 days. The
presence of clear zone around the bacterial
colonies indicated the production of chitinase
enzyme. Cellulase production potential of the
isolates was determined by growing them on
carboxy-methylcellulose agar medium containing
(g/l): 2g of NaNO;, 1g of K,HPO,, 0.5g of MgSO,,
0.5g of KCI, 2g of CMC sodium salt, 0.2g of
peptone and 15g agar. The plates were incubated
28+ 2 °C for 2- 3 days and the formation of a halo
zone around the colony indicated cellulase activity
according to Samanta et al. (1989). Protease
production activity of isolates was also assessed on
skimmed milk agar (skim milk powder 10 g/l, agar
15 g/l) (Smibert & Krieg, 1994). The plates were
incubated at 28+ 2 °C for 2- 3 days and clear zones
formed around the colonies indicated the
production of protease enzyme by the bacterial
isolates.

Ammonia and cyanide production:

The bacterial isolates were evaluated for the
production of ammonia by using peptone water.
Freshly prepared cultures were inoculated into each
tube with 10 mL peptone water and incubated at
28+ 2 °C for 2- 3 days. After incubation, each tube
received 0.5 ml of Nessler's reagent, and the color
change from blue to pale yellow signified a
positive ammonia production test (Cappuccino &
Sherman, 1992). According to Lorck (1948), all
isolates were evaluated for HCN production by
streaking them on a slant NA media inserted with
filter paper strips dipped in picric acid and 2%
sodium carbonate. After being sealed with
parafilm, the test tubes were incubated 28 2 °C for
2- 3 days in which a color change of the yellow
filter paper strips to brown indicated hydrogen
cyanide production.

Phosphate Solubilization Test:

Phosphate solubilization test was done on
Pikovskaya’s (PVK) agar medium, containing the
following (g/L): 0.5g of (NH,),SO, 0.1g of
MgSO,-7H,0, 0.02g of NaCl, 0.02g of KClI,
0.003g of FeSO,-7H,0, 0.003g of MnS0O,-H,0, 5g
of Ca (PO,),, 10g of glucose, 0.5g of yeast extract,
15¢ of agar and 1000 L of distilled sterilized water
and incubated at 28+2 °C for 5 days. After
incubation, the phosphate solubilisation index
(PSI) of the isolates was calculated by (Nautiyal,
1999):

PSI = (HZD+CD)/CD,

Where PSI is the Phosphate Solubilizing Index,
HZD is Halo Zone Diameter and CD is Colony
Diameter.
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Indole Acetic Acid (1AA) test:

The isolates’ potential to produce indole-3-acetic
acid was evaluated using the method described by
Loper and Schroth (1986). Bacterial cultures were
grown in nutrient broth supplemented with 1-
tryptophan (1.02g/1) and incubated at 28+2°C for 3
days. The cultures were then centrifuged at 5000
rpm for 5 min and 1ml of the supernatant was
added to 2ml of Salkowski reagent (60% of
perchloric acid, 3ml 0.5 M FeCl; solution). The
development of a pink coloration indicated the
production of IAA.

Nitrogen Fixation test using N-free Media:

The nitrogen fixation was estimated qualitatively
using nitrogen-free medium based on the following
composition: 15g agar, 1g CaCOs, 1g K,HPO,,
0.2g MgS0,4.7H,0, 0.2g NaCl, 0.1g Fe,SO,4.7H,0,
59 Na,Mo004.2H,0, and 50ml distilled water
adjusted at a final pH of 7. The emergence of a
pellicle at the subsurface level after 5 days of
incubation at 28 +2 °C was considered a positive
test for N fixing (Rodrigues et al., 2016).

Resistance to Heavy Metal and antibiotic test:

According to Mohamed et al. (2012), resistance to
heavy metal (HM) was determined by growing
cultures on solid nutrient agar media containing
filter-sterilized HM at concentrations (ugml™) of
Hg (HgO) (50), As (As,03) (100), Ni (NiCly)
(100), Pb (Pb(CHsC0OO0),) (100), Cdcl,(50) and
Crcl,(10) and monitoring colony growth at 28+
2°C for 3-5 days. As described by Amarger et al.
(1997), resistance to low concentrations of
antibiotics was determined by preparing fresh
solutions of filter-sterilized (0.22mm) antibiotics in
nutrient agar medium containing one of the
following filter-sterilized antibiotics (png ml™):
ampicillin (30), chloramphenicol (40),
erythromycin (30), nalidixic acid (20), neomycin
(20), streptomycin (10) and tetracycline (30).

Physiological Tolerance Test of Antagonists:

The ability of rhizobacterial isolates to grow at
different concentration of salt was tested by the
method as described by Suresh et al. (2014). It was
done by streaking the rhizobial isolates on nutrient
agar medium containing 1, 2, 3, 4, 5, 6, 7, 8, and
9% of NaCl. Isolates were tested for their
temperature tolerance ability by streaking the
isolates on a nutrient agar plate adjusted at
different temperature levels (4, 10, 15, 40, and
50°C). All the plates were kept at 28+2°C for 3-5
days.

Statistical Analysis:

All experiments were set in triplicate and the data
is average of three. Phosphate solubilizing and dual

culture inhibition data were analysed by One way
ANOVA and the treatment means were compared
following Duncan’s test by using SPSS version 20
and computed at p<0.05 significant value.

RESULTS

Isolation, purification and identification of the
pathogen

After collection of the samples from the research
site, isolation and purification of the rhizobacterial
isolates were done. Among a total of 52(100%)
isolates of Faba bean rhizobacteria collected from
Kutaber and Tita districts of South Wollo Zone, 26
(50%) of them showed inhibition against the fungal
pathogen, Botrytis fabae causing chocolate spot
(Table 1). During isolation and identification of the
pathogen, the Botrytis fabae was identified as
fungal pathogen causing Chocolate Spot of Faba
bean based on color and morphology as observed
on PDA media. Moreover, the identification of the
pathogen was proved true by using the
identification keys.

Cultural characterization of the rhizobacterial
isolates

The variation of the rhizobacterial isolates in
various morphological parameters was presented
(Table 2). The colony morphological properties of
the isolates showed, 5 (19.2%) and 21 (71.8%) of
the isolates were irregular and round in shape,
whereas 8(30.8%) and 18(68.2%) were flat and
entire, respectively. All the rhizobacterial isolates
were entire in margin. Of the isolates, 34.6%,
26.9%, 30.8% and 0.07% were white, yellow,
creamy and orange in their order of pigmentation.
As the Gram reaction test showed, only 11 (42.3%)
of the isolates were Gram positive.

Physiological characterization of the isolates

The potential of the bacterial isolates for
temperature tolerance was presented (Fig. 1). All
the isolates grew between the temperature ranges
25- 35 °C. Eight (30.8 %) of the isolates grew at 5
°C. Whereas, 12(46.2%),18(69.2%) and 21
(80.8%) of the isolates grew at temperature of 10,
15 and 20°C. Twenty (76.9%) and 15 (56.7%) and
of isolates grew at 40- 50 °C. Of the tested
rhizobacterial isolates all grew at salt
concentrations of 1-5%. Likewise, 21 (80.76%),
19(73.07%), 18(69.23%) and 16(61.53%) showed
growth at salt concentrations of 6, 7, 8 and 9%
respectively (Fig. 2). In both temperature and salt
concentration tests, the growth of the isolates
showed declining trend at extreme temperature
ranges and salinity.

The antibiotic and heavy metal resistance of the
isolates were tested. The ability of the isolates to
resist different heavy metals was presented (Fig.3).
Among the tested isolates, 22(84.61%), 13(50%),
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Table 1: The growth response of the isolates to some plant growth and biocontrol traits

Isolates Isolation ~ Ammonia  Hydrogen PSI Nitrogen PIGR
site production cyanide (cm) fixation (%)
WUFBI 8C Kutaber + _ 3.4+0.4%° + 67.5+2.5%
WUFBI 17 Kutaber + _ 2.3+0.2° + 54.1+3.8%"
WUFBI 8E Kutaber + _ 2.9+0.7% + 76.6+1.4™
WUFBI 5C Kutaber + _ 2.9+0.6% + 68.3+6.2°%
WUFBI 6C Kutaber + _ 2.8+0.3° + 57.5+2.5%"
WUFBI 6B Kutaber + _ 2.5+0.5° + 52.5+2.5"
WUFBI 9D Kutaber + + 2.7+0.4> + 70.8+3.8"%
WUFBI 6G Kutaber + + - + 70.8+5,2"%
WUFBI 5B Kutaber + 3 3.4+0.3%° + 75.0+5.0"%
WUFBI 15B  Kutaber + _ 3.240.6% + 75.0+5.0"%
WUFBI 7J Kutaber + + 3.1+0.8% + 75.8+1.4™¢
WUFBI 8D Tita + _ 2.8+0.6"% + 70.8+3.8b°%
WUFBI 7M Tita + _ - + 75.0+2.5b°%
WUFBI 6K Tita + B 3.8+0.8% + 775425
WUFBI 6D Tita + _ 2.9+0.9% + 76.6+1.40°
WUFBI 4D Tita + B 2.8+0.6" + 67.525.0%
WUFBI 4B Tita + _ 3.0+0.9% + 66.6+3.8°"
WUFBI 6A Tita + _ 2.0+0.2° + 67.5+6.6d°
WUFBI 4C Tita + B 3.1+1.3% + 74.1+3.8"%
WUFBI 10A Tita + + - + 60.8+9.5"
WUFBI 9B Tita + 3 2.9+0.3%% + 75.0+5.0b°%
WUFBI 1B Tita + _ 3.5+0.2%° + 68.3+6.2°%f
WUFBI 7F Tita + + 4.1+0.5° + 69.1+3.8°%
WUFBI 6l Tita + _ 2.9+0.4%% + 77.5+2.5°
WUFBI 16B Tita + + 3.5+0.8%° + 85.8+1.4%
WUFBI 4E Tita + B 3.5+0.8%" + 85.8+2.8°
Total 100% 3.0£0.7 100% 70.848.8

WUFBI = Wollo University Faba bean Bacterial Isolates, PSI = Phosphate Solubilizing Index, PIGR = Percent
Inhibition Growth Radial, Data represented by different letters in superscript are significantly different

Table 2: The morphological characterization of selected rhizobacterial isolates

Isolates Isolation Shape Color Elevation Margin Gram
site reaction

WUFBI 8C Kutaber Round White Elevated Entire -
WUFBI 17 Kutaber Round Creamy Elevated Entire -
WUFBI 8E Kutaber Round Creamy Elevated Entire +
WUFBI 5C Kutaber Round Yellow Elevated Entire +
WUFBI 6C Kutaber Round Yellow Elevated Entire -
WUFBI 6B Kutaber Round White Elevated Entire -
WUFBI 9D Kutaber Round White Flat Entire +
WUFBI 6G Kutaber Round Yellow Flat Entire -
WUFBI 10A Kutaber Irregular yellow Elevated Entire -
WUFBI 5B Kutaber Round Creamy Elevated Entire -
WUFBI15B Kutaber Round Creamy Elevated Entire +
WUFBI 7J Tita Round Orange Flat Entire +
WUFBI 8D Tita Round Orange Flat Entire +
WUFBI 7M Tita Irregular Yellow Flat Entire -
WUFBI 6K Tita Round yellow Flat Entire -
WUFBI 6D Tita Irregular yellow elevated Entire -
WUFBI 4D Tita Irregular Creamy Elevated Entire +
WUFBI 4B Tita Round Creamy Elevated Entire +
WUFBI4C Tita Round Creamy Elevated Entire -
WUFBI 9B Tita Round Creamy Elevated Entire -
WUFBI 1B Tita Round White Elevated Entire -
WUFBI 16B Tita Round White Elevated Entire +
WUFBI 6l Tita Irregular White Elevated Entire +
WUFBI 4E Tita Round White Elevated Entire -
WUFBI 6A Tita Round White Flat Entire +
WUFBI 7F Tita Round White Flat Entire -

5
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22(84.61%), 13(50%), 16(64.53%), 19(73.07%),
26(100%) and 7(26.92%) resisted Cadmium (Cd),
mercury (Hg), arsenic (As), lead (Pb), nickel (Ni)
and chromium (Cr), respectively. The rest isolates
were sensitive to the tested heavy metals. All the
isolates showed variations in the six tested
antibiotics (Fig. 4). Of the isolates, 21(80.76%),
20(76.92%), 1(69.23%), 20(76.92%), 13(50%),
15(57.69%) and 16(61.53%) showed resistance to
nalidixic acid, novobiocin, chloramphenicol,
erythromycin  ampicillin,  tetracycline  and

isolates. All isolates, 26(100%) were positive for
nitrogen fixation which was confirmed by
formation of conspicuous pellicles that were an
indication of better growth and biological nitrogen
fixation efficiency.

Among 52(100%) isolates, only 26(50%) of them
inhibited the radial mycelial growth of the
pathogen, Botrytis fabae and has been selected for
further characterization. The fungal radial growth
inhibition percentage ranged from 52.5% - 85.8%.
Of these isolates, 12(46.2%) of them showed better
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pathogen inhibition potential above 75%. All
isolates tested for their ability to produce different
hydrolytic enzymes were presented (Fig. 5). All the
26(100%) isolates were positive for protease,
whereas 14(53.8%) and 15(57.7%) of the isolates
were positive for cellulase and chitinase
production, respectively. However, 8(30.8%) of
isolates including WUFBI 17, WUFBI 9D,
WUFBI 6G, WUFBI 7J, WUFBI 8D, WUFBI 6K,
WUFBI 6A, and WUFBI 9B were positive for the
tested hydrolytic enzymes. All the isolates were
positive for ammonia and only six (23.07%) of the
total showed cyanide production.

DISCUSSION

This study which aimed at screening potential
rhizobacteria that can enhance plant growth and
have biocontrol role against Botrytis fabae causing
Checolate spot of Faba bean were conducted.
Consequently, rhizosphere soil from the healthy
standing Faba bean plant and infected plant were
collected and isolated. Out of these isolates, 26
(50%) showed antagonistic inhibition properties
against the pathogen, Botrytis fabae on dual
culture test with an inhibition percentage ranging
between 52.5%- 85.8%. Similarly, Tamiru and
Muleta (2018) reported 0.0-70.5%, implying the
better performance of the study isolates.

The isolates showed variation in their phosphate
solubilisation potential in which they solubilized
phosphate at 2.0 — 4.1cm PSI ranges with isolate
WUFBI 7F displaying the highest PSI. Previous
study by Tamiru and Muleta (2018) reported PSI
of Faba bean and groundnut rhizobacteria at a
range of 1.0 — 1.9 and 1.06 — 1.86, respectively
indicating the better effectiveness of the study
isolates. Some rhizobacterial isolates of this study
produced indole acetic acid which is also reported
by Adal et al. (2018) from Grass pea rhizobacterial
isolates which is important in improving overall
plant growth by developing development of roots
that are useful for absorption of nutrients (Aeron et
al., 2011). All the isolates of this study fixed
nitrogen, however, Abu et al. (2019) reported only
10% of Faba bean rhizobacteria were capable of
fixing nitrogen on N- free media indicating the
better nitrogen fixing effectiveness of the study
isolates that could be important to the
biogeochemical cycling in the terrestrial ecosystem
(Bhattacharyya & Jha, 2012).

Most of the isolates of the current study (57.69%)
produced chitinase which is consistent with the
findings of Adal et al. (2018) who reported 60% of
chitinase producing rhizobacteria which is an
important strategy to inhibit fungal spore
germination, germ tube elongation and lysis of
hyphal tips (Ordentlich et al., 1988). Similarly, all
and 14 (53.8%) of the isolates produced protease
and cellulase, respectively showing the better

performance of the isolates of this study as
compared to the findings of Kavitha et al. (2013)
who reported 50% cellulase and protease
producing rhizobacteria. All the isolates were
positive for ammonia production, whereas only 6
(23.07%) of them showed cyanide production.
Similarly, Prashar et al. (2013) reported that 98%
and 94% of Bacillus isolates and Pseudomonas
produced ammonia and cyanide, respectively. The
production of ammonia and cyanide can assist
plants in meeting their nitrogen requirements and
reduce pathogen invasion (Mbai et al., 2013).

All the tested isolates showed varied colony
morphological characteristics which were similarly
reported by Wubie and Adal, (2021) indicating
variation of rhizobacterial isolates in their
morphological characteristics. The isolates showed
tolerance to both lower temperature ranges (4-
15°C) and higher temperature (40- 50 °C) which
nearly coincided with the findings of Tsegaye et al.
(2019) who reported 20% and 40.7% rhizobacterial
isolates that showed growth at 4 °C and 40 °C.The
finding of this study is important to prevent the
impact of abiotic stresses on plant growth by
inhibiting protein synthesis and photosynthesis via
inactivating enzymes (Zhu, 2001). Regarding
salinity, isolates that grew at both lower and higher
salt concentrations were recorded which was
similarly reported by Shoukry et al. (2013)
indicating that the isolates can be applied at soils
of higher salinity since they are helpful for
alleviating the harmful effects of osmotic stress.
The study isolates showed resistance variation to
different antibiotics at 57.7 — 80.7% of resistance
which is a useful marker for their characterization
(zahran, 2012) and is important for identifying
their competitiveness in soil (Brockwell et al.,
1995). Some isolates of the current study resisted
heavy metals known in their toxicity implying that
isolates of this study can be applied at farming
soils of industrial areas.

In  conclusion, among the rhizobacteria
characterized and screened for deserving biocotrol
potential against Botrytis fabae, some rizobacterial
isolates were obtained as having diverse bio
control attributes. Thus, these rhizobacteial isolates
are recommended to be applied under greenhouse
conditions.

ACKNOWLEDGEMENTS

This work was supported by funds from Wollo
University, Dessie, Ethiopia.

COMPETING INTERESTS

The authors have declared that they have no
competing interest.



Abyssinia Journal of Science and Technology Vol. 7, No. 1, 2022, 1-10

REFERENCES

Abu, G., Fatokun, C. A., Keneni, G., Assefa, F., &
Belay, Z. (2019). Screening of Faba Bean (Vicia
faba L.) Genotypes for Mycorrhizal Association
Parameters. International Journal of Plant
Breeding, 6(2), 554-562.

Adal, M., Tadege, M. & Assefa, F. (2018).
Rhizospheric bacterial isolates of grass pea
(Lathyrus sativus L.) endowed with multiple plant
growth promoting traits. Journal of Applied
Microbiology, 125(6), 1786-1801.

Aeron, A., Kumar, S., Pandey, P., & Maheshwari,
D. K. (2011). Emerging role of plant growth
promoting rhizobacteria in agrobiology. In
Bacteria in agrobiology: Crop Ecosystems, 1-36.
Springer, Berlin, Heidelberg.

Amarger, N., Macheret, V., & Laguerre, G. (1997).
Rhizobium gallicum sp. nov. and Rhizobium
giardinii sp. nov., from Phaseolus vulgaris
nodules. International Journal of Systematic and
Evolutionary Microbiology, 47(4), 996-1006.

Ammar, M.H; F. Anwar; E. H. El-Harty; H. M.
Migdadi; S. M. Abdel-Khalik; S. A. Al-Faifi; M.
Farooq and S. S. Alghamdi (2014). Physiological
and vyield responses of faba bean (Vicia faba L.)
drought in a Mediterranean-type Environment.
Journal of Agronomy and Crop Science, 201, 280—
287.

Ashrafuzzaman, M., Hossen, F. A., Ismail, M. R.,
Hoque A., Islam M, Z., Shahidullah, S. M., &
Meon, S. (2009). Efficiency of plant growth-
promoting  rhizobacteria (PGPR) for the
enhancement of rice growth. African Journal of
Biotechnology 8(7), 1247-1252.

Barnett, H. L., & Hunter, B. B. (1987). Illustrated
Genera of Imperfect Fungi. 4th ed. New York,
U.S.A: MacMillan Pub.

Bhattacharyya, P. N., & Jha, D. K. (2012). Plant
growth-promoting rhizobacteria (PGPR):
emergence in agriculture. World Journal of
Microbiology and Biotechnology, 28(4), 1327-
1350.

Brockwell, J., P. J. Bottomley & J. E. Thies.
(1995). Manipulation of Rhizobium microflora for
improving legume productivity and soil fertility: A
critical assessment. Plant Soil, 174, 143-180.

Buck, J. D. (1982). Non-staining (KOH) method
for determination of Gram reactions of marine
bacteria. Applied and Environmental
Microbiology, 44(4), 992-993.

Cappuccino, J. C. & Sherman, N. (1992).
Microbiology: A laboratory manual third ed.
Benjamin/cummings pub.Co., New York, 125-179.

Central Statistical Agency, (2020). Report on area
and production of major crops (private peasant
holdings, meher season). Statistical
Bulletin,1(532), 0-14.

Food and Agricultural Organization. (2020). Food
and Agriculture Organizations of the United
Nations: Statistics Division. Awvailable online:
http://faostat.fao.org/site/567/default.aspx

Tamiru, G., & Muleta, D., (2018). Effect of
Rhizobia Isolates Against Black Root Rot Disease
of Faba Bean (Vicia faba L) Caused by Fusarium
solani. The Open Agriculture Journal, 12(1): 137-
138.

Huang, X., Zhang, N., Yong, X., Yang, X. & Shen,
Q. (2012). Biocontrol of Rhizoctonia solani
damping-off disease in cucumber with Bacillus
pumilus SQR-N43. Microbiological Research,
167, 135-143.

Kavitha, T., Nelson, R., & Jesi, S. J. (2013).
Screening of rhizobacteria for plant growth
promoting traits and antifungal activity against
charcoal rot pathogen Macrophomina phaseolina.
linternational Journal of Pharma and Bio
Sciences, 4, 177-186.

Keneni, A., Feten, A., Prabu, P. C. (2010).
Characterization of acid and salt tolerant rhizobial
strains isolated from faba bean fields of Wollo,
northern Ethiopia. Journal of Agricultural Science
and Technology, 2, 365-376.

Landry, E. J., Fuchs, S. J., & Hu, J. (2016).
Carbohydrate composition of mature and immature
faba bean seeds. Journal of Food Composition and
Analysis, 50, 55-60.

Lizarazo, C. 1., Lampi, A. M., Liu, J,
Sontag-Strohm, T., Piironen, V., & Stoddard, F. L.
(2015). Nutritive quality and protein production
from grain legumes in a boreal climate. Journal of
the Science of Food and Agriculture, 95(10), 2053-
2064.

Loper, J. E., & Schroth, M. N. (1986). Influence of
bacterial sources of indole-3-acetic acid on root
elongation of sugar beet. Phytopathology, 76(4),
386-389.

Lorck, H. (1948). Production of hydrocyanic acid
by bacteria. Physiologia Plantarum, 1(2), 142-146.

Lugtenberg, B., & Kamilova, F. (2009). Plant-
growth-promoting rhizobacteria. Annual Review of
Microbiology, 63, 541-556.

Mbai, F. N., Magiri, E. N., Matiru, V. N., Nganga,
J., & Nyambati, V. C. S. (2013). Isolation and
characterization of bacterial root endophytes with
potential to enhance plant growth from Kenyan
Basmati rice. American International Journal of
Contemporary Research,3(4), 25-40.



Abyssinia Journal of Science and Technology Vol. 7, No. 1, 2022, 1-10

Moeinzadeh, A., Sharif-Zadeh, F., Ahmadzadeh,
M., & Tajabadi, F. H. (2010). Biopriming of
Sunflower (‘Helianthus annuus' L.) Seed with
Pseudomonas fluorescens for Improvement of
Seed Invigoration and Seedling Growth.
Australian Journal of Crop Science, 4(7), 564-570.

Mohamed, H. A. A., Fatthy, M. M. & Abdel-
Wahab, E. T. (2012). Isolation and characterization
of a heavy-metalresistant isolate of Rhizobium
leguminosarumbv. viciae potentially applicable for
biosorption of Cd2+ and Co2+. International
Biodeterioration & Biodegradation, 67, 48 —55.

Nautiyal, C. S. (1999). An efficient
microbiological growth medium for screening
phosphatesolubilizing  microorganisms. FEMS
Microbiology Letters, 170(1), 265-270.

Neme, K., Bultosa, G., & Bussa, N. (2015).
Nutrient and functional properties of composite
flours processed from pregelatinised barley,
sprouted faba bean and carrot flours. International
Journal of Food Science & Technology, 50(11),
2375-2382.

Nisa, R. M., Irni, M., Amaryllis, A, Sugeng, S., &
Iman, R. (2010). Chitinolytic bacteria isolated
from chili rhizosphere: chitinase characterization
and its application as biocontrol for whitefly
(Bemisia tabaci Genn.). American Journal of
Agricultural and Biological Sciences, 5(4), 430-
435.

Ordentlich, A., Elad, Y., & Chet, 1. (1988). The
role of chitinase of Serratia marcescens in
biocontrol of Sclerotium rolfsii. Phytopathology,
78(1), 84-88.

O'Sullivan, D. M., & Angra, D. (2016). Advances
in faba bean genetics and genomics. Frontiers in
Genetics, 7, 150.

Prashar, P., Kapoor, N. & Sachdeva, S. (2013)
Isolation and characterization of Bacillus sp. with
in-vitro antagonistic activity against Fusarium
oxysporum  from rhizosphere of tomato.
International Journal of Advanced Science and
Technology, 15, 1501-1512.

Rangeshwaran, R., & Prasad, R. D. (2000).
Biological control of Sclerotium rot of sunflower.
Indian Phytopathology, 53(4), 444-449.

Riungu, G. M., Muthorni, J. W., Narla, R. D,
Wagacha, J. M., & Gathumbi, J. K., (2008).
Management of Fusarium head blight of wheat and
deoxynivalenol accumulation using antagonistic
microorganisms. Plant Pathology Journal,7, 3-19.

Rodrigues, A. A., Forzani, M. V., Soares, R. D. S.,
Sibov, S. T., & Vieira, J. D. G. (2016). Isolation
and selection of plant growth-promoting bacteria
associated with sugarcane. Pesquisa Agropecuaria
Tropical, 46, 149-158.

Sahile, S., Fininsa, C., Sakhuja, P. K., & Ahmed,
S. (2008). Effect of mixed cropping and fungicides
on chocolate spot (Botrytis fabae) of faba bean
(Vicia faba) in Ethiopia. Crop Protection, 27(2),
275-282.

Samanta, R., Pal, D., & Sen, S. P. (1989).
Production  of  hydrolases by  Ny-fixing
microorganisms. Biochemie und Physiologie der
Pflanzen, 185(1-2), 75-81.

Schmiedeknecht, G., Issoufou, I., Junge, H., &
Bochow, H. (2001). Use of Bacillus subtilis as
biocontrol agent. V. Biological control of diseases
on maize and sunflowers. Journal of Plant
Diseases and Protection, 108(5), 500-512.

Shoukry, A. A., Khattab, A. A., Abou-Ellail, M., &
El-Shabrawy, H. (2013). Molecular and
biochemical characterization of new Rhizobium
leguminosarum bio viciae strains isolated from
different locations of Egypt. Journal of Applied
Science Research, 9(11), 5864-5877.

Smibert R. M., & Krieg N. R. (1994). Phenotypic
characterization. Methods for General and
Molecular Biology. Washington, DC. American
Saciety for Microbiology, 607-654.

Somasegaran, P., & Hoben, H. J. (1994).
Handbook for rhizobia: methods in legume-
Rhizobium technology. Springer Science &
Business Media.

Suresh, S. S. S., Yenjerappa, S. Y. S., Naik, M. N.
M., Mallesh, S. M. S., & Kalibavi, C. K. C. (2014).
Studies on cultural and physiological characters of
Xanthomonas oryzaepv. oryzae causing bacterial
blight of rice. Karnataka Journal of Agricultural
Sciences, 26(2): 214-216.

Swelim, M. A., Amer, M. M., EI-Ghany, F. A., &
Aamal, M. O. (2003). Role of some soil bacteria
and actinomycetes in controlling cucumber root-rot
disease. Egyptian Journal of Microbiology, 38,
217-228.

Tamiru, G., & Muleta, D. (2018). The Effect of
Rhizobia Isolates Against Black Root Rot Disease
of Faba Bean (Vicia faba L.) Caused by Fusarium
solani. The Open Agriculture Journal, 12(1),137-
138.

Torres, M. A., Jones, J. D., & Dangl, J. L. (2006).
Reactive oxygen species signaling in response to
pathogens. Plant Physiology, 141(2), 373-378.

Tsegaye, Z., Yimam, M., Bekele, D., Chaniyalew,
S., & Assefa, F. (2019). Characterization and
Identification of native plant growth-promoting
bacteria colonizing tef (Eragrostis tef) rhizosphere
during the flowering stage for a production of bio
inoculants. Biomedical Journal of Scientific &
Technical Research, 22(2), 16444-16456.



Abyssinia Journal of Science and Technology Vol. 7, No. 1, 2022, 1-10

Turco, I., Ferretti, G., & Bacchetti, T. (2016).
Review of the health benefits of Faba bean (Vicia
faba L.) polyphenols. Journal of Food & Nutrition
Research, 55(4), 283-293.

Vincent, J. M. (1970). Distortion of fungal hyphae
in the presence of certain inhibitors. Nature,

Zahran, H. H. (2012). Conditions for successful
Rhizobium-legume symbiosis in saline
environments. Biology and Fertility of Soils, 12(1),
73-80.

Zhu, J. K. (2001). Plant salt tolerance. Trends in
Plant Science, 6(2), 66-71.

159(4051), 850-850.

Voisard, C., Keel, C., Haas, D., & Défago, G.
(1989). Cyanide production by Pseudomonas
fluorescens helps suppress black root rot of
tobacco under gnotobiotic conditions. The EMBO
Journal, 8(2), 351-358.

Whipps, J. M. (2001). Microbial interactions and
biocontrol in the rhizosphere. Journal of
Experimental Botany, 52(1), 487-511.

Wubie, G., & Adal, M. (2021). lIsolation and
Characterization of Chickpea (Cicer arietinum L.)
Nodulating Rhizobia Collected from South Wollo
Zone, Ethiopia. International Journal of
Agronomy, 2021, Article ID 7938399

Open Access Policy: This journal provides immediate open access to its content on the principle that making
research freely available to the public supports a greater global exchange of knowledge. Articles are licensed
under the Creative Commons _Attribution-NonCommercial 4.0 International Public License, which
permits others to use, distribute, and reproduce the work non-commercially, provided the work's authorship
and initial publication in this journal are properly cited. Commercial reuse must be authorized by the
copyright holder.

10



