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A B S T R A C T   

This study aimed to isolate and characterize plant growth-promoting rhizobacteria from the faba 
bean rhizosphere for future inoculum production. For this purpose,127 dissimilar rhizobacterial 
colonies were isolated. All isolated colonies were tested for plant growth-promoting traits. Based 
on their multiple plant growth-promoting traits, eight potential isolates were selected and 
identified GY01, GY03, and GY08 are affiliated with Acinetobacter sp. GY04 and GY05 are 
affiliated with Chryseobacterium sp. GY06 and GY07 are affiliated with Pseudomonas costantinii 
and Pseudomonas chlororaphis, respectively; and GY02 is affiliated with the Bacterium strain. All 
eight isolates were evaluated for their effects on seed germination and vigor index and potential 
antagonism against Botrytis fabae. Selected isolates showed positive effects on seed germination 
and vigor index with different potentials. Isolate GY04 resulted in the highest vigor index (501), 
while isolate GY08 achieved the lowest (218). B. fabae radial growth inhibition was found in all 
eight isolates. The isolates inhibited the radial growth of the test pathogen with an inhibition 
efficacy of 72.38 % in GY04 to 25.57 % in GY-03. Generally, the results of this study indicated the 
potential of these isolates as a microbial inoculant with multiple functions for faba beans.   

1. Introduction 

The faba bean (Vicia faba L.) is a cool-season legume produced worldwide for food and feed [1]. The major cultivated areas are 
Mediterranean countries, Ethiopia, Egypt, China, Afghanistan, India, Northern Europe, and Northern Africa [2]. Ethiopia is one of the 
major producers next to China [3]. It is frequently produced in the country for multiple purposes, including ecological (rotational 
crop), nutritional, and cash crops [4]. Uptodate, the national average yield is under its potential in the country. According to the report 
of CSA [5], the national average yield of the country is 2.2 t ha− 1 in 2019/2020. This is lower than the average yield obtained by other 
countries, for example, Egypt produces 3.47 t ha− 1 and the United Kingdom produces 3.83 t ha− 1 [6]. The low national average yield of 
faba bean in the country is because of biotic and abiotic factors [7]. 

To escape from these problems, the development of strategies that help mitigate biotic and abiotic factors that result in low yields of 

* Corresponding author. Department of Biology, College of Natural and Computational Sciences, P.O. Box 90, Debark University, Debark, 
Ethiopia. 

E-mail address: gebeyehuyibeltie@gmail.com (G.Y. Mengstie).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2024.e25334 
Received 12 May 2023; Received in revised form 13 January 2024; Accepted 24 January 2024   

mailto:gebeyehuyibeltie@gmail.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e25334
https://doi.org/10.1016/j.heliyon.2024.e25334
https://doi.org/10.1016/j.heliyon.2024.e25334
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Heliyon 10 (2024) e25334

2

faba beans is required. Additionally, the strategy should not harm the environment. The most crucial of these tactics and currently 
attracting interest around the globe is the application of multi-trait plant-growth-promoting rhizobacteria (PGPR) [8; 53–54]. PGPRs 
are bacteria that live in or on plant roots and help the host plant through various mechanisms [8]. 

It improves plant growth directly in the absence of deleterious microorganisms that cause plant disease through biofertilization and 
photostimulation. Moreover, PGPR increases growth by protecting against phytopathogens through biocontrol mechanisms [9]. 
Several reports confirmed that the application of PGPR significantly improved plant growth and yield for a variety of crops and 
vegetables [10,11]. 

Several rhizobacteria were isolated from faba beans in different regions of the world and improved growth and yield under both 
stressed and normal conditions [12]; [13–15]. In Ethiopia, few studies were undertaken on faba bean-associated rhizobacteria 
[15–17]. However, there is a dearth of information on the screening of native rhizobacteria in the study area for growth promotion and 
disease control. Exploring native rhizobacteria with multiple plant growth-promoting traits may help develop superior inoculants for 
boosting faba bean and other crop production. Therefore, screening of PGPR indigenous to the study area is critical to the discovery of 
superior strains that can be utilized to improve growth and phytopathogen suppression. The objectives of the present study were to 
isolate and characterize multifarious indigenous PGPR species from the faba bean rhizosphere. Another objective was to determine 
their effects on seed germination and B. fabae suppression in vitro. 

2. Materials and methods 

2.1. Rhizospheric soil sample collection 

Rhizospheric soil samples were collected from Gondar-Zuria, Wogera, Dabat, and Debark districts in the 2021 main cropping 
season. A total of 112 faba bean field sites were randomly selected for rhizospheric soil collection, and 4–5 healthy-looking faba bean 
plants uprooted from a depth of 0–5 cm were sampled from each site. About 50 g of rhizospheric soil collected from each site was 
placed in a sterile polyethylene bag and brought to the laboratory for further analysis. 

2.2. Isolation of rhizobacteria 

To isolate rhizobacteria, the serial dilution plate technique was applied [18]. In detail, 10 g of the soil sample was suspended in 90 
ml of sterile normal saline solution (0.85 % w/v NaCl) and agitated on an incubator shaker at 150 rpm for 20 min at 30 ◦C. The 
suspension was left for 30 min in the laminar air flow hood. Consequently, 1 ml of the supernatant sample was taken and diluted 7-fold 
in 9 ml of sterile normal saline (0.85 %w/v). One hundred microliters of sample were taken from 10− 3, 10− 5, and 10− 7 dilutions and 
spread on Nutrient Agar (Hi-Media) plates. Inoculated plates were incubated for 72 h at 30 ◦C. After incubation, morphologically 
dissimilar colonies were taken and purified by the streak plate method. The purified rhizobacteria isolates were preserved in nutrient 
agar slants at 4 ◦C and 30 % glycerol stocks at − 80 ◦C for further studies. 

2.3. Source of the test pathogen (B. fabae) 

A virulent B. fabae isolate was obtained from the culture collection center of the Biology Department at the University of Gondar. 
The test pathogen was refreshed on potato dextrose agar (PDA) at 25 ◦C for 7 days and stored at 4 ◦C for further investigation. 

2.4. Screening of rhizobacteria isolates for multiple plant growth-promoting traits 

2.4.1. Phosphate solubilization 
To determine the phosphate solubilization ability of the rhizobacteria isolates, one ml of culture was spot-inoculated on the me-

dium, and the plates were incubated at 30 ◦C for 7 days. The isolate that formed clear halo zones around the colonies was considered 
positive for phosphate solubilization [19]. 

2.4.2. Production of indole acetic acid (IAA) 
Rhizobacteria isolates were grown in Luria Bertani (LB) broth supplemented with 100 mg/l tryptophan for 5 days at 30 ◦C on an 

incubator shaker at 250 rpm. After that, the culture was centrifuged for about 10 min at 10,000 rpm. After centrifugation, 2 ml of the 
supernatant was taken and mixed with 4 ml of the Salkowaski reagent (150 ml of concentrated H2SO4, 250 ml of distilled water and 
7.5 ml of 0.5 M FeCl3⋅6H2O) [20]. Then test tubes were incubated in darkness for 20 min at room temperature to observe the 
appearance of a pinkish color as an indicator of IAA production. 

2.4.3. Production of ammonia 
For four days, the rhizobacteria isolates were grown in 5 mL of peptone water at 30 ◦C. Following incubation, 1 mL of Nessler’s 

reagent was added to the cultures to detect the formation of a yellow color, which indicates ammonia production [21]. 

2.4.4. Protease activity 
A loop full of rhizobacterial cells was streaked on a skim milk agar plate (composition of g/L skim milk 100 g, peptone 5 g, and agar 

15 g) and incubated at 28 ◦C for 48 h. The plates were examined for the formation of a clear halo zone around the colony, which was an 
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indicator of protease activity [22]. 

2.4.5. Lipase activity 
A rhizobacterial cell loop was streaked on Tween 80 agar medium, which contained g/L peptone 10, agar 20, NaCl 5, CaCl22H2O 

0.1, and 1L distilled water and incubated at 28 ◦C for 48 h. A white precipitation around the boundary of the colony was indicative of 
lipase activity [23]. 

2.4.6. Amylase activity 
The amylase production ability of rhizobacterial isolates was studied on a starch agar plate [21]. The inoculated plates were 

incubated at 28 ◦C for 48 h. Then the plates were flooded with iodine solution and incubated for 15 min at room temperature. A clear 
zone around the growth of rhizobacteria indicated amylase activity. 

2.4.7. Pectinase activity 
Pectinase production was studied by streaking rhizobacteria on pectinase screening agar medium (PSAM) plates and growing for 7 

days at 30 ◦C. Then the plates were flooded with iodine solution and incubated for 15 min at room temperature. A clear zone around 
the growth of rhizobacteria indicated pectinase activity [24]. 

2.5. In vitro antagonistic effects of isolated rhizobacteria against the test pathogen (B. fabae) 

The dual culture assay was done to evaluate the antagonistic effects of rhizobacteria against the test pathogen (B. fabae) [25].A 
5-mm mycelia plug of the actively growing pathogen was placed in the center of the PDA modified with 10 % sucrose. The rhizo-
bacterial isolate was streaked 2 cm away on either side of the mycelia plug and incubated at 28 ◦C for 9 days. After which, the radial 
growth of B. fabae mycelium was measured, and the percent inhibition of growth over control was estimated using the formula. PIRG 
= [(R1-R2/R1)] × 100, where PIRG-percent inhibition of radial growth, R1 is the radial growth of the control colony, and R2 is the 
radial growth of the treated colony. 

2.6. Effects of rhizobacterial isolates on seed germination and vigor index in faba bean 

In this study, we used seeds of the broad bean cultivar Dosha obtained from the Gondar Agricultural Research Center. Healthy seeds 
of the same size were selected and surface-sterilized with 96 % ethanol for 1 min, then rinsed with a 0.2 % HgCl2 solution for 3 min and 
washed with 3 changes of sterile distilled water. Rhizobacterial isolates were grown in a volumetric flask containing 50 ml of nutrient 
broth at 30 ◦C in an incubator shaker at 120 rpm for 48 h. The culture pellets were separated from the supernatant by centrifugation at 
8000 rpm for 10 min. The pellet was diluted in normal saline (0.85 % w/v NaCl) to give a final concentration of 10-8 cfu/ml using the 
survival plate counting method. Surface-disinfected broad bean seeds were soaked in their respective cell pellet suspensions for 1 h 
[26]. 

A total of 10 broad bean seeds inoculated with each isolate were incubated in 9-cm Petri dishes with two layers of moistened filter 
paper in a completely randomized design with three replicates per isolate. Seeds treated with water instead of bacterial suspension 
were used as a control treatment. To maintain sufficient humidity for germination, 5 mL of sterile distilled water was added to the Petri 
dish at 2-day intervals, and the seeds were incubated at 28 ◦C in an incubator. Germination was considered to have occurred when the 
radicle was half the seed length. Germination rate was recorded for 7 days. Root and shoot lengths were measured after 7 days, and the 
germination rate and vigor index were calculated according to ISTA [27]. 

Germination rate (%) = no. of germinated seeds/total no of seeds × 100 Vigor Index = (Mean of root length + Mean ofshoot 
length) × % of Seed germination. 

2.7. Molecular identification of selected multifarious PGPR isolates 

Genomic DNA was extracted using the Gen Elute Bacterial Genomic DNA Kit (Sigma-Aldrich, St, MO) according to the manu-
facturer’s protocol. For 16S rRNA gene amplification, universal primers 27F 5′-AGAGTTTGATCCTGGCTCAG-3′ 1492R 5′ 
GGTTACCTTGTTACGACTT-3′ were used [28]. The PCR reaction setup and thermal profiling conditions were performed according to 
Souza et al. [29]. The PCR amplification cycle included an initial 2 min denaturation at 95 ◦C followed by 10 cycles of denaturation at 
95 ◦C for 1 min, 1 min primer annealing at 65 ◦C with the annealing temperature decreased by 1 ◦C with each succeeding cycle, and 1 
min elongation at 72 ◦C.The denaturation phase, annealing, and elongation were conducted for 35 cycles. The amplicon was stained 
with ethidium bromide on a 1 % agarose gel and visualized under UV light using a gel documentation system. Amplicons were sent to 
Macrogen, Netherlands, for sequencing. The sequences obtained were blasted against the GenBank database using the Basic Local 
Alignment Search Tool (BLAST at http://www.ncbi.nlm.nih.gov). The blasted sequences’ similarity was determined using the best 
score of the compared species from the National Centre for Biotechnology Information (NCBI). To align the nucleotide sequences, a 
Multiple Alignment fast Fourier transform (MAFFT) was used [30]. To construct a phylogenetic tree, Molecular Evolutionary Genetic 
Analysis (MEGA) version 11 was used. 
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2.8. Data analysis 

The statistical analysis was performed by One-Way ANOVA of SPSS version 25. The comparisons among means were done by using 
Tukey HSD analysis at α = 0.05. Values were considered significant at p < 0.05. 

3. Results 

3.1. Isolation and screening of rhizobacteria for multiple plant growth-promoting traits 

A total of 127 morphologically distinct rhizobacteria colonies were isolated from faba bean rhizosphere soil. All isolated rhizo-
bacteria were positive for at least one of the plant growth-promoting traits. Out of 127 rhizobacterial isolates, 8 (6.3 %) showed 
multiple plant growth-promoting traits (≥3) and were selected for further work (Table 1). 

3.2. In-vitro antagonistic effects of multifarious plant growth promoting rhizobacteria against the test pathogen (B. fabae) 

All eight rhizobacterial isolates showed significant (p ≤ 0.05) antagonistic activity against B. fabae in the dual culture experiment 
(Table 2). The rhizobacterial isolates inhibit the mycelial growth of B. fabae with different potential (Fig. 1. A (control/B. fabae only), B 
(B. fabae + GY 04), C (B. fabae + GY05), and D (B. fabae + GY07)). On 3 days of incubation, the rhizobacterial isolates inhibited the 
pathogen range from 1.83 cm to 4.36 cm and further increased the inhibition range from 2.13 cm to 5.40 cm in five days, 2.23 cm–5.76 
cm in 7 days, and 2.30 cm–6.20 cm in 9 days of incubation. Rhizobacterial isolate GY04 displayed the highest inhibition within a short 
incubation time (3 days) up to 9 days, showing consistency in their inhibitory activity on the test pathogen. Rhizobacterial isolates 
GY05, GY06, and GY07 were characterized by mild inhibition consistent throughout the incubation period. Most of the other isolates 
did show significant antagonism as a function of time. The maximum radial growth inhibition of the pathogen was recorded by isolate 
GY04 (72.38 %), followed by isolate GY05 (63.62 %) and isolate GY07(61.94 %). The fungal mycelia growth inhibition by isolate GY03 
(25.57 %) was lower than others isolates. 

3.3. Effects of multifarious plant growth promoting rhizobacteria on seed germination and vigor index in faba bean 

When compared to the control treatment, all isolates enhanced the germination of seeds and the vigor index. The isolate GY04 
results in maximum seed germination (100 %) and a vigor index of 501. Similar results were also recorded with root and shoot growth. 
Treatment with GY04 results in maximum root and shoot growth of 2.01 cm and 3.0 cm, followed by GY 07 (1.91 cm, 2.98 cm) and 
GY05 (1.9 cm, 2.9 cm) (Table 3). 

3.4. Molecular identification of multifarious plant growth promoting rhizobacteria isolates 

A total of eight rhizobacterial isolates with multiple plant growth promotion traits were used for further identification based on a 
partial 16S rRNA gene sequence. The sequence of the isolate GY01 revealed 98.35 % resemblance with Acinetobacter sp.NEB 394; GY02 
had 98.23 % homology with Bacterium OPB5; GY03 showed 99.81 % similarity with Acinetobacter johnsonii strain XY27; GY04 showed 
99.30 % sequence homology with Chryseobacterium sp. strain Zn–C; GY05 showed 99.07 % sequence homology with Chryseobacterium 
proteolyticum; GY06 showed 93.07 % sequence homology with Pseudomonas costantinii strain 334.12.1; GY07 GY07showed 97.99 % 
sequence homology with Pseudomonas chlororaphis strain BF2-5; and GY08 showed 99.35 % similarity with Acinetobacter johnsonii 
strain cqsV8. The nucleotide sequences of the bacterial strains were submitted to the NCBI GenBank, and accession numbers were 
received (Table 4). 

4. Discussion and conclusion 

The ability of various rhizobacteria to promote plant growth, increase crop yield, improve soil quality, and control phytopathogens 

Table 1 
Rhizobacteria from faba beans with multiple plant growth promotion traits in vitro.  

Isolate Growth promoting traits Production of hydrolytic enzymes 

P Solubilization (IAA) NH3 Production Protease Lipase Amylase Pectinase 

GY 01 ++ ++ – + – – – 
GY02 ++ ++ ++ – – – – 
GY03 +++ ++ ++ – + – – 
GY04 + +++ ++ +++ – ++ ++

GY05 + +++ ++ +++ +++ ++ ++

GY06 ++ – ++ – ++ – – 
GY07 ++ +++ +++ ++ – – – 
GY08 ++ + – ++ – – – 

Note:= not detected, + = low production, ++ = moderate production, +++ = high production. 
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in different crops, including faba beans, has been reported by [31–35]. However, the performance of rhizobacteria inoculants in the 
field was in question. It is because of variations in root exudate composition due to plant genotype, growth stage, and physico-chemical 
properties of the soil. To avoid the aforementioned issues, it is preferable to use a native PGPR strain rather than an exotic one [36]. 
Therefore, screening PGPR with multiple PGP traits from rhizosphere soil is critical to selecting the promising isolates used for 
biocontrol, phytostumlators, and biofertilizers in specific soils and climates. 

In this regard, a total of 127 rhizobacteria were isolated from the faba bean plant rhizosphere soils collected from different alti-
tudes, growth stages, and varieties. From the total, eight isolates showing multiple PGP traits were selected for this research (Table 1). 
The effectiveness of PGPR is directly related to the presence of multiple plant growth-promoting mechanisms in the microorganisms. 
The result of this study is in harmony with the result of [37], who reported that a single PGPR may have multiple modes of action, 
including biological control. A single rhizobacterium can have multiple PGP traits [38]. Rhizobacteria with multiple PGP charac-
teristics can benefit plants in a variety of ways, including improving root function, suppressing disease, and accelerating growth and 
development. 

Results presented in Table 1 revealed that all eight selected isolates were capable of solubilizing insoluble phosphate. The for-
mation of a clear hallo zone on Pikovskaya is caused by the release of organic acids. The released organic acids are used to chelate 
calcium associated with phosphate and thus make phosphorus more available [39]. The use of phosphate-solubilizing bacteria (PSB) as 
biofertilizers for crop production is one solution to the problem of plant phosphate inadequacy. Therefore, our isolate may be good for 
future inoculant production. 

From the selected eight isolates, except for isolate GY06, seven were able to produce IAA. The ability of rhizosphere bacterial strains 
to produce auxin is a promising tool to study the profound effect of these strains on plant growth [34,35,40]. Indole-3-acetic acid (IAA) 
has a positive effect on the root length and increases root branches, root laterals, and root hair, thereby enhancing the nutrient uptake 
capacity from the surrounding environment [41]. Therefore, our isolate may be good for future inoculant production. 

Six of our isolates showed ammonia production ability. The ability of rhizosphere bacterial strains to produce ammonia is one of the 
mechanisms for enhancing the growth of the host plants. Ammonia may also boost root and shoot length and improve plant resistance 

Table 2 
In-vitro antagonistic assay of multifarious rhizobacterial isolates on culture media.  

Isolate Inhibition of radial growth of Botrytis fabae upon 3–9 days of incubation in dual culture in cm Percent of inhibition over control at day(9) 

3 days 5 days 7 days 9 days 

GY01 3.10 ± 0.05 4.16 ± .08b 4.36 ± 0.03bc 4.40 ± 0.05 47.17 
GY 02 2.16 ± 0.08a 5.10 ± 0.05c 5.51 ± 0.11c 5.83 ± 0.06c 30.01 
GY 03 3.26 ± 0.08b 5.40 ± 0.23c 5.76 ± 0.08c 6.20 ± 0.05c 25.57 
GY 04 1.83 ± 0.12a 2.13 ± 0.03a 2.23 ± 0.03a 2.30 ± 0.05a 72.38 
GY 05 2.02 ± 0.03a 2.73 ± 0.08 ab 2.93 ± 0.08a 3.03 ± 0.08 ab 63.62 
GY 06 2.20 ± 0.05a 2.96 ± 0.08 ab 3.13 ± 0.12b 3.86 ± 0.08b 53.66 
GY 07 3.10 ± 0.05b 3.130 ± 0.05b 3.17 ± 0.03b 3.17 ± 0.02 ab 61.94 
GY 08 4.36 ± 0.05ns 5.10 ± 0.05c 5.24 ± 0.08c 5.36 ± 0.08c 35.78 
Control 4.73 ± 0.14 6.26 ± 0 .08 7.20 ± 0.05 8.33 ± 0.03  
LSD(P < 0.05) 0.31 0.33 0.36 0.38  

Note: Values are mean ± Standard error of the mean of three replications, Means in each column followed by the same letter are not significantly 
different at p < 0.05 according to Fisher’s LSD. 

Fig. 1. Some rhizobacterial antagonistic activity against B. fabae: A (control/B. fabae only), B (B. fabae + GY 04), C (B. fabae + GY05), and D (B. 
fabae + GY07). 
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to phytopathogen attacks [42]. 
Plant growth-promoting rhizobacteria defend plants from phytopathogens via a variety of mechanisms, including antibiosis, 

competition, and the production of lytic enzymes. All eight rhizobacteria isolates produced at least one hydrolytic enzyme (Table 1). 
Hydrolytic enzymes are involved in the lysis of fungal cell walls by deforming the cell wall components of fungal pathogens [43]. 

Results in Table 4 revealed that rhizobacteria isolates GY01, GY03, and GY08 are closely related to Acinetobacter sp., isolate GY04 
and GY05 are closely related to Chryseobacterium sp., isolate GY06 and GY07 are closely related to Pseudomonas, and GY02 is identified 
as Bacterium strain GY02. Earlier reports also isolated and identified similar PGP bacteria from different plant rhizospheric soils [17, 
34,35,44–47]. 

Table 2 clearly shows that all eight rhizobacteria isolates inhibited the mycelial growth of B. fabae in dual culture experiments. 
However, the antagonizing potential varied among isolates. The observed differences could be attributed to variations in the isolate’s 

Fig. 2. Neighbor-joining phylogenetic tree based on sequences of the 16S rRNA gene shows the relationships between multifarious plant growth- 
promoting Rhizobacteria isolates and some related representative reference strains retrieved from NCBI. The numbers on the tree indicate the 
percentage of bootstrap based on 1000 replications. The scale bar represents 0.05 nucleotide substitutions per sequence position. 

Table 3 
Effect of bacterial isolates on the seed germination and Vigor Index of cultivars Dosha of faba bean.  

Treatment Seed germination (%) Mean shoot length (cm) Mean root length(cm) Vigor Index 

GY 01 98 2.40 ± 0. 08b* 1.40 ± 0.10b* 372.40 
GY02 97 2.70 ± 0. 05 ab* 1.50 ± 0.15b* 407.40 
GY03 96 2.40 ± 0. 05b* 1.40 ± 0.05b* 364.80 
GY 04 100 3.00 ± 0. 05a* 2.01 ± 0.04a* 501.00 
GY05 99 2.90 ± 0. 05a* 1.90 ± 0.05a* 475.20 
GY06 97 1.46 ± 0.03ns 0.80 ± 0.10c* 219.22 
GY 07 99 2.98 ± 0.01a* 1.91 ± 0.08a* 479.16 
GY08 98 1.53 ± 0.03ns 0.70 ± 0.05ns 218.00 
Control (Dw) 96 1.46 ± 0.08 0.53 ± 0.06 191.04 
LSD(P < 0.05)  6.93 6.92  

Note: Values are mean ± Standard error of the mean of three replications, Means in each column followed by the same letter are not significantly 
different at p < 0.05 according to Fisher’s LSD, CV, coefficient of variance, DW distilled water. 
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ability to produce the hydrolytic enzyme. Similarly, Zewudinh [17] found variation in the percent inhibition of radial growth potential 
by different PGPR isolates against B. fabae. 

The rhizobacteria isolates GY 04 and GY 05 are positive for several hydrolytic enzymes compared to other isolates (Table 1). The 
maximum B. fabae radial growth inhibition percent was also recorded on the plate treated with GY 04 and GY 05, 72.38 and 63.62 %, 
respectively. These isolates enhance seed germination and vigor index compared to the control and other isolates. Isolates GY04 and 
GY05 are affiliated with Chryseobacterium sp. Chryseobacterium sp. is a plant-growth-promoting rhizobacterium that suppresses a wide 
range of plant pathogens [45,48–50]. To the best of our knowledge, this is the first report of Chryseobacterium sp. having antagonistic 
potential against B. fabae and improving seed germination and the vigor index of faba beans. 

In this study, isolates GY06 and GY07 showed multiple plant growth-promoting properties (Table 1) and hindered the radial growth 
of B. fabae (Table 2). Previously, various studies have demonstrated that rhizospheric Pseudomonas strains could control plant diseases 
caused by a variety of pathogens and promote plant growth [34,35,45,46,51]. These strains show multiple growth-promoting prop-
erties, including IAA production, siderophore production, hydrogen cyanide production, and phosphate solubilization [52]. To the 
best of our knowledge, this is the first report of Pseudomonas chlororaphis and Pseudomonas costantinii having antagonistic potential 
against the B. fabae causative agent of faba bean chocolate spot disease, and improving seed germination and the vigor index of faba 
bean. 

Isolates GY01, GY03, and GY08 showed multiple plant growth-promoting traits and inhibited the growth of B. fabae in vitro. 
Rokhbakhsh-Zamin [44] reported that Acinetobacter significantly enhanced the growth of pearl millet seedlings as well as the in vitro 
inhibition of Fusarium oxysporum. Similarly, Zewudinh [17] reported that Acinetobacter was isolated from the faba bean rhizosphere 
and can inhibit the radial growth of B. fabae. 

Because of their ability to fix nitrogen in collaboration with rhizobia, legumes play an important role in agricultural production. 
Many legume species, including faba beans, have shown increased plant growth and seed yields after being inoculated with nodule 
bacteria known as rhizobia. However, both rhizobia and legumes are severely harmed by a variety of abiotic and biotic factors. The 
PGPR inoculation plays a significant role in overcoming these issues [53,54]. 

The present study showed the presence of a diverse group of rhizobacteria with multiple PGP traits in the rhizosphere of faba beans 
grown in northwestern Ethiopia. We have obtained rhizobacteria with multiple PGP traits among the natural community of rhizo-
bacteria. These isolates enhance seed germination and vigor index and inhibit the growth of B. fabae, the causative agent of the 
chocolate spot disease of the faba bean. Generally, the results of this study indicated the potential of these isolates as a microbial 
inoculant with multiple functions for faba beans. 
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Santos Menezes Gaiotto, Ivana Barros de Campos, "Multiplex real-time PCR using SYBR Green: unspecific intercalating dye to detect antimicrobial resistance 
genes of Streptococcus pneumoniae in cerebrospinal fluid.", PLoS One 17 (6) (2022) e0269895, https://doi.org/10.1371/journal.pone.0269895. 

[30] Kazutaka Katoh, Kazuharu Misawa, Kei-ichi Kuma, Takashi Miyata, MAFFT: a novel method for rapid multiple sequence alignment based on fast Fourier 
transform, Nucleic Acids Res. 30 (14) (2002) 3059–3066, https://doi.org/10.1093/nar/gkf436. 

[31] Fengying Liu, Shan Yang, Fenghua Xu, Zhen Zhang, Yifang Lu, Juanmei Zhang, Gang Wang, Characteristics of biological control and mechanisms of 
Pseudomonas chlororaphis zm-1 against peanut stem rot, BMC Microbiol. 22 (1) (2022) 1–13, https://doi.org/10.1186/s12866-021-02420-x. 

[32] Anas Raklami, Noura Bechtaoui, Abdel-ilah Tahiri, Aiman Slimani, Adnane Bargaz, Abdelilah Meddich, Khalid Oufdou, Co-inoculation with rhizobacteria and 
mycorrhizae can improve wheat/faba bean intercrop performance under field conditions, Frontiers in Agronomy 3 (2021) 734923. 

[33] Xiurong Jiao, Yoko Takishita, Guisheng Zhou, L. Donald, Smith, Plant associated rhizobacteria for biocontrol and plant growth enhancement, Front. Plant Sci. 
12 (2021) 634796, https://doi.org/10.3389/fpls.2021.634796. 

[34] S. Marfungah, F. Puspita, B. Tjahjono, B. Siregar, A. Gafur, Potential of indigenous rhizobacteria as biocontrol agents of Xanthomonas sp, Philipp. J. Sci. 152 (5) 
(2023) 1539–1548. 

[35] H.R. Ratnaningsih, Z. Noviana, T.K. Dewi, L. Supriyono, S. Wiyono, A. Gafur, S. Antonius, IAA and ACC deaminase producing-PGPR isolated from the 
rhizosphere of pineapple plants grown under different abiotic and biotic stresses, Heliyon 9 (2023) e16306, https://doi.org/10.2139/ssrn.4335395. 

[36] C. Chenniappan, M. Narayanasamy, G.M. Daniel, G.B. Ramaraj, P. Ponnusamy, J. Sekar, P. Vaiyapuri Ramalingam, Biocontrol efficiency of native plant growth 
promoting rhizobacteria against rhizome rot disease of turmeric, Biol. Control 129 (2019) 55–64, https://doi.org/10.1016/j.biocontrol.2018.07.002. 

[37] Hani Antoun, Danielle Prévost, Ecology of plant growth promoting rhizobacteria. PGPR: Biocontrol and Biofertilization, 2006, pp. 1–38. 
[38] Anuj Rana, Baljeet Saharan, Monica Joshi, Radha Prasanna, Kanika Kumar, Lata Nain, Identification of multi-trait PGPR isolates and evaluating their potential 

as inoculants for wheat, Ann. Microbiol. 61 (4) (2011) 893–900, https://doi.org/10.1007/s13213-011-0211-z. 
[39] M. Satyaprakash, T. Nikitha, E.U.B. Reddi, B. Sadhana, S. Satya Vani, Phosphorous and phosphate solubilising bacteria and their role in plant nutrition, 

International Journal of Current Microbiology and Applied Sciences 6 (4) (2017) 2133–2144, https://doi.org/10.20546/ijcmas.2017.604.251. 
[40] Wahyudi, Tri Aris, Rina Puji Astuti, Asri Widyawati, Anja Meryandini, Abdjad Asih Nawangsih, Characterization of Bacillus sp. strains isolated from rhizosphere 

of soybean plants for their use as potential plant growth for promoting rhizobacteria, J. Microbiol. Antimicrob. 3 (no. 2) (2011) 34–40. 
[41] Chhaya Datta, P.S. Basu, Indole acetic acid production by a Rhizobium species from root nodules of a leguminous shrub, Cajanus cajan, Microbiol. Res. 155 (2) 

(2000) 123–127. 
[42] Ajit Kumar Passari, Vineet Kumar Mishra, Vineeth Leo Vincent, Vijai Kumar Gupta, Bhim Pratap Singh, Phytohormone production endowed with antagonistic 

potential and plant growth promoting abilities of culturable endophytic bacteria isolated from Clerodendrum colebrookianum Walp, Microbiol. Res. 193 (2016) 
57–73, https://doi.org/10.1016/j.micres.2016.09.006. 

G.Y. Mengstie et al.                                                                                                                                                                                                    

https://www.statsethiopia.gov.et/wp-content/uploads/2020/04/
http://www.fao.org/faostat/en/#data/QV
https://doi.org/10.1186/s40066-018-0168-2
https://doi.org/10.1186/s40066-018-0168-2
https://doi.org/10.1038/s41598-020-71652-0
https://doi.org/10.1007/s11274-017-2364-9
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref11
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref11
https://doi.org/10.3390/microorganisms9030470
https://doi.org/10.3390/microorganisms9030470
https://doi.org/10.1242/bio.043968
https://doi.org/10.1515/bmc-2021-0020
https://doi.org/10.1038/s41598-021-02847-2
https://doi.org/10.11648/j.ajls.20150302.17
https://doi.org/10.1186/s41938-021-00483-6
https://doi.org/10.1016/j.heliyon.2022.e08861
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref18
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref18
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref19
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref20
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref20
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref21
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref22
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref22
https://doi.org/10.1016/j.sciaf.2020.e00279
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref24
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref24
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref25
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref25
https://doi.org/10.1007/s11104-012-1402-5
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref27
http://hdl.handle.net/1854/LU-201506
https://doi.org/10.1371/journal.pone.0269895
https://doi.org/10.1093/nar/gkf436
https://doi.org/10.1186/s12866-021-02420-x
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref32
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref32
https://doi.org/10.3389/fpls.2021.634796
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref53
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref53
https://doi.org/10.2139/ssrn.4335395
https://doi.org/10.1016/j.biocontrol.2018.07.002
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref35
https://doi.org/10.1007/s13213-011-0211-z
https://doi.org/10.20546/ijcmas.2017.604.251
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref38
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref38
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref39
http://refhub.elsevier.com/S2405-8440(24)01365-3/sref39
https://doi.org/10.1016/j.micres.2016.09.006


Heliyon 10 (2024) e25334

9

[43] Dweipayan Goswami, Janki N. Thakker, Pinakin C. Dhandhukia, Portraying mechanics of plant growth promoting rhizobacteria (PGPR): a review, Cogent Food 
Agric. 2 (1) (2016) 1127500, https://doi.org/10.1080/23311932.2015.1127500. 

[44] Farokh Rokhbakhsh-Zamin, Dhara Sachdev, Nadia Kazemi-Pour, Anupama Engineer, Karishma R. Pardesi, Smita Zinjarde, Prashant K. Dhakephalkar, Balu 
A. Chopade, Characterization of plant-growth-promoting traits of Acinetobacter species isolated from rhizosphere of Pennisetum glaucum, J. Microbiol. 
Biotechnol. 21 (6) (2011) 556–566. 

[45] Wael Alsultan, Vadamalai Ganesan, Khairulmazmi Ahmad, Halimi Mohd Saud, Abdullah M. Al-Sadi, Osamah Rashed, Ahmad Kamil Mohd Jaaffar, and Abbas 
Nasehi. "Isolation, identification and characterization of endophytic bacteria antagonistic to Phytophthora palmivora causing black pod of cocoa in Malaysia, 
Eur. J. Plant Pathol. 155 (2019) 1077–1091, https://doi.org/10.1007/s10658-019-01834-8. 

[46] Divjot Kour, Kusam Lata Rana, Imran Sheikh, Vinod Kumar, Ajar Nath Yadav, Harcharan Singh Dhaliwal, Anil Kumar Saxena, Alleviation of drought stress and 
plant growth promotion by Pseudomonas libanensis EU-LWNA-33, a drought-adaptive phosphorus-solubilizing bacterium, Proc. Natl. Acad. Sci. India B Biol. 
Sci. 90 (2020) 785–795, https://doi.org/10.1007/s40011-019-01151-4. 

[47] Wen Xu, Lingling Xu, Xiaoxu Deng, Paul H. Goodwin, Mingcong Xia, Jie Zhang, Qi Wang, et al., Biological control of take-all and growth promotion in wheat by 
Pseudomonas chlororaphis YB-10, Pathogens 10 (7) (2021) 903, https://doi.org/10.3390/pathogens10070903. 

[48] B. Ramos Solano, J. Barriuso Maicas, M.T. Pereyra De La Iglesia, J. Domenech, F.J. Gutiérrez Mañero, Systemic disease protection elicited by plant growth 
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