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ABSTRACT                                   

Faba bean black root rot caused by Fusarium solani is one of the common fungal diseases 
constraining faba bean production in Ethiopia. The purpose of this study was to characterize and 
evaluate the effect of potential indigenous antagonistic bacterial isolates against Fusarium solani 
under in vitro, and pot experiments. Bacteria were isolated using Nutrient Agar medium from faba 
bean soil rhizosphere, whereas Fusarium species isolated on Potato Dextrose Agar medium from 
symptomatic faba bean roots. In vitro dual culture techniques were used to evaluate the antagonistic 
effect of bacterial isolates against Fusarium species on the Potato Dextrose Agar medium. 
Subsequently, three bacterial isolates with greatest inhibitions among others were used for efficacy 
tests in the pot experiments by applying cell suspensions of both pathogens and bioagents in the 
fourteen days intervals after germination. Under in vitro antagonistic assay, Bacteria SH 1 (47.2%), 
Bacteria SH 2 (48.01%), and Bacteria SH 7 (65.1%) showed higher inhibition of mycelial growth of 
Fusarium isolates than others. However, Bacteria SH 1, and Bacteria SH 2 were more effective in 
suppressing black root rot disease than Bacteria SH7 in pot experiments. Similarly, they were 
significant in shoot and root growth parameters. Thus, further field efficacy evaluation is 
recommended to ascertain the antagonistic potential of those promising bacterial isolates.  
 
Keywords: Black root rot, antagonistic bacteria, Fusarium species, in vitro, growth inhibition 

 
Introduction 

Faba bean (Vicia fabae L.) is one of the most important food legumes grown in Ethiopia. It uses 
for different types of food staff, such as: shiro wote, silijo and hilibet. Faba bean can replace meat 
requirement in the human nutritional value due to high protein content (Crépona et al., 2010). The 
productivity of faba bean remains far below the crop’s potentially greater than 3 ton/ha (Tamiru and 
Muleta, 2018). The low productivity of the crop is attributed to susceptibility to many biotic and 
abiotic constraints (Agegnehu and Fessehaie, 2006), and the cultivated area has become decreased 
(Tamiru and Muleta, 2018). Among biotic constraints, soil-borne fungal plant pathogens are the 
largest and perhaps the most important group affecting faba bean at all stages of its growth (Belay and 
Anteneh, 2018). 

Black root rot caused by Fusarium solani is among the major production constraints limiting the 
yield of faba bean in many countries of the world, especially where poor nutrient supply and overly 
wet soil conditions prevail (Akrami et al., 2009). Complete crop losses could occur in severe infection 
conditions and when favorable conditions prevail for the pathogen (Tamiru and Muleta, 2018).  Many 
strategies have been used to minimize the effect of black root rot on faba bean production; including 
the use of resistant varieties (Belay and Anteneh, 2018), and cultural practices such as crop rotation, 
chemical fungicides and seed treatments (Belete et al., 2015). However, the results from cultural 
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practices and chemicals are ineffective since the pathogen survives in the soil in the absence of hosts. 
Chemical fungicides have major side effects on the environment that refine other important 
microorganisms and develop chemical resistant pathogens (Avilés et al., 2003; Abeysinghe, 2007). 
Thus, the research should be encouraged to solve these problems by using innovative and eco-friendly 
approaches. The current study was initiated to control the cause of faba bean black root rot disease, 
characterize, and assess the efficacy of potential antagonistic indigenous bacterial spp. under in vitro 
dual culture, and pot experiments. 

 
Materials and Methods 
 
Description of the study area 

The study was conducted at the College of Natural and Computational Sciences, Addis Ababa 
University, which is located at 902'4" N Latitude 38045'54" E Longitude and at altitude 2400 meter 
above sea level. The average annual temperature is 15.9 0C and the mean rainfall of 1089 mm per 
annual. Samples of faba bean soil rhizosphere and infected faba bean roots were collected from 
Angolelana tera district, North Shoa, Amahara regional state, Ethiopia, which is located at 9° 38' 0" 
North, 39° 26' 0" East. The altitude of the specific study site is 2500 meter above sea level. It has 13-
18 0C average temperature and 100-1300 mm average rainfall per annual. 

 
Samples collection  

Soil samples and infected faba bean roots were collected from faba bean growing areas of 
Angolelana tera district near to the road.  

 
Sample preparation and isolation of potential biocontrol bacterial spp 

 Thirty-five samples of infected faba bean roots (20 cm each) were selected randomly at every 10 
m distance. At least 20 g of soil samples were taken from health faba bean rhizosphere at the depth of 
20 cm (Belete et al., 2015) from 25 different faba bean farms with sterilized polyethylene bags. The 
samples of soil and infected faba bean roots were transported to Addis Ababa University and stored in 
refrigerators at 4 0C at Mycology laboratory until used. 

Bacteria were isolated by using serial dilution technique from the soil samples on Nutrient 
medium (Alemu and Alemu, 2015). The soil samples were mixed thoroughly and powdered using 
porcelain mortar and pestle then pass through sieve (0.5 mm) screening mesh. A10 g of each sample 
was dissolved in 90 ml sterilized distilled water in 250 ml Erlenmeyer flask. The content was shaken 
with ZJZD III vibratory with adjustable speed multiple usage functions at 120rpm for 30minutes. 
Using standard serial dilution techniques, 0.1 ml of serially diluted suspension from each soil sample 
was pipetted into a 90 mm size sterile Petri plate containing autoclaved Nutrient Agar medium 
(composition 0.5% Peptone,0.3% beef extract, 0.5% NaCl, and 1.5% agar). The suspensions were 
gently swirling in clockwise and anti-clockwise directions using a bent glass rod and incubated at 28 
+ 1 0C for 72 hrs. Selected countable and visible colonies picked and re-streaked on a new plate 
containing sterilized nutrient agar medium and incubated for 48 hours to obtain pure colony culture. 
The purified colonies were kept at 4 0C in nutrient agar slant for the next use. 
 
Morphological characterization of bacterial isolates  
 
Colony morphology 

Colony morphology is the visible characteristics of a colony. Colonies that differ in appearance 
are typically different in shape, margin, and elevation in different bacterial strains, species, or genera 
(Mazen et al., 2008). 

 
Cell morphology  

A pure bacterial colony was placed on a slide by an inoculating needle and heat-fixed by carefully 
passing the slide through the Bunsen burner. Heat fixed bacterial sample flooded with crystal violate 
for 1minutes, then washed by tap water for 2 minutes after that flooded the slide with a mordant 
(Gram's iodine) then wait for a minute. The slide of the sample again washed with tap water for 2 
minutes, then decolorized by ethanol acetone reagent for 15 seconds, then flood with safranin and 
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washed with distilled water. Finally, the slide was washed with tap water and then blot dried using 
absorbent paper. Then the cellular characteristics of bacterial isolates such as gram staining and cell 
shape were observed and identified under compound light Microscope (MAX BINO BELGIUM) by 
using an oil immersion objective lens (Schaad et al., 2001).  

 
Biochemical test 
 
Catalase test 

Catalase test was done to determine the presence of the enzyme catalase. A small sample of a live 
bacterial colony from the nutrient agar medium was placed on a slide. Two small drops of 3% 
hydrogen peroxide (H2O2) were added. Gas bubbles were observed, resulting in a catalase-positive 
unless negative result (Farah and Nasreen, 2016). 

 
Oxidase test 

The oxidase test detects the presence of a cytochrome oxidase. Unknown active cultures of 
bacterial spp were inoculated to moist filter paper with the reagent 1% solution of tetramethyl-p-
phenylenediamine dihydrochloride. A positive reaction is indicated by an intense deep-purple blue 
appearing within 5-10 seconds (Toppo and  Naik, 2015). 

 
Citrate utilization test 

Aslant of Simon citrate medium was prepared following standardized procedures. A 24 hours old 
bacterial culture was inoculated in to test tube slant by inoculating loop and incubated at 28 0C for 48 
hr. The development of a blue color indicates a positive result. Bacteria capable of growth in this 
medium use the citrate and convert ammonium phosphate to ammonia and ammonium hydroxide, 
creating an alkaline pH. The pH change turns the bromthymol blue indicator from green to blue 
(Toppo and  Naik, 2015).  

 
Isolation of pathogenic Fusarium spp. 

Fusarium spp. was isolated from thirty-five diseased faba bean roots collected from the study 
sites. Infected faba bean roots were washed with sterilized distilled water and cut into the small piece 
(10 cm) then surface disinfected with 1% of sodium hypochlorite three times for 10 minutes, and 
finally, washed with distilled water to remove chemicals(Abd-El-Khair et al., 2018). Surface 
sterilized infected faba bean roots were inoculated into the plate containing 25 ml PDA medium and 
incubated at 27 ± 1 0C for seven days.  

 
Medium preparation and purification of Fusarium isolates  

   The sterilized PDA medium supplemented with 100 mg/l of chloramphenicol was poured into a 
sterilized plate. The fungal colonies were purified using single hyphal tip techniques suggested by 
Ahmed and El-Fiki (2017). Then they were identified according to their morphological and 
microscopic characteristics (Leslie and Summerell, 2006). The obtained isolates were maintained on 
PDA slants and kept in the refrigerator at 4℃ for further study.  
 
Identification of pathogenic Fusarium isolates  

   The Fusarium isolates colony characterization was carried out using principles used by 
Chandra and Kumar (2012). The cultural characteristic such as colony diameter, colony color, colony 
margin, pigmentation and surface elevation, and spore shape was observed. The spore shape of 
Fusarium isolate was observed and recorded under high power objectives (40X) lens by staining the 
pure colony with lactophenol cotton blue.  
 
In vitro antagonistic test 

    A dual culture of bacteria and Fusarium isolates were done on the PDA media (Kumar et al., 
2012). A six day old culture of Fusarium isolate was point inoculated in the center of the plate in 
triplicate. The bacterial isolate was streak plated on the opposite side of the Fusarium isolate at a 
distance of 2 cm from edges (Farah and Nasreen, 2016). The control plate was only point inoculated 
with Fusarium isolate (Abdel-Kadir et al., 2006). The plates were incubated at 28±2°C for 6 days 
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(Kumar et al., 2012). The antagonistic activity was investigated from three to six days after 
incubation. After 6 days of incubation, the percent of inhibition of the diameters of mycelial growth 
was calculated by the following formula (Ahmed and El-Fiki, 2017). 
 

% Inhibition = 
(R1-R2)x100 

R1 
R1= the diameter of mycelium growth of Fusarium isolates in control 
R2= the diameter of mycelium growth of Fusarium isolates in dual culture 
 
Pathogenicity test 

   The pathogenicity test of Fusarium isolates was studied under greenhouse conditions (25-28 0C) 
by the pot experiment method (Yaqub et al., 2012). Eighteen pots were surface-sterilized for 3 min 
with 1% sodium hypochlorite and washed three times with sterile water and left to dry before use. The 
pots were filled with autoclaved field soils. Surface sterilized healthy looking seeds of faba bean were 
sown (3seeds/pot) in 18 cm diameter plastic pots. Five Fusarium isolates (Fusarium SH 1, Fusarium 
SH 2, Fusarium SH 3, Fusarium SH 4, and Fusarium SH 5) inoculated in the round bottle flask 
containing PDB and incubated for seven days at 27 0C. A 20 ml of spore suspension of Fusarium 
adjusted to 1 × 106 spores/ml by diluting with distilled water and counted with hemocytometer was 
added to the base of the stem at 2 cm depth of soil near to the roots per seedlings using syringe at 2–3 
leaves stage. Three pots without inoculation of the pathogen were used as control. Fusarium spp were 
re-isolated from infected plants and Koch’s postulates were applied (Belay, and Anteneh, 2018).  
 
Disease incidence 

   The disease incidence of black root rot disease-causing Fusarium isolates were assessed by 
counting the infected faba bean per the total number of faba bean inspected. Disease incidence of 
black root rot was estimated according to the following equation (Coca and Mamani, 2012).   
 

% Disease incidence = 
(A) x100 

B 
A: Number of symptomatic faba bean plants  
B: Total number of faba bean plants 
  
Disease severity  

To determine disease severity, individual plant root tissues assessed according to a 1-9 scale 
(Coca and Mamani, 2012).  Where, 1: no visible symptoms, 3: light discoloration either without 
necrotic lesions or with approximately 10% of the hypocotyl and root tissues covered with lesions, 5: 
25% of the hypocotyls and root tissues covered with lesions but tissues remain firm, with some 
deterioration of the root system, 7: 50% of the hypocotyls and root tissues covered with lesions 
combined with considerable softening, rotting, and reduction of root system, 9:  75% or more of the 
hypocotyl and root tissues affected with advanced stages of rotting combined with severe reduction in 
the root system. With these data, for each replicate, a Disease Severity Index (DSI) was calculated as 
follows: 

 

Disease   Severity Index (DSI) = 
Σ (Score � numbers of the plant with score)� 100   

Total numbers of plants � greater score  

 
Pot efficacy of bacteria spp. against Fusarium isolates 

From the pathogenicity test and in vitro dual culture screening, highly pathogenic Fusarium 
isolates were screened (Fusarium SH 1). Similarly, highly antagonistic bacterial isolates (Bacteria SH 
5, Bacteria SH 7, and Bacteria SH 1) were selected for pot efficacy test experiment following Yaqub 
et al., (2012). The pots were prepared as described above in the pathogenicity test. The bacterial 
isolates were inoculated in nutrient broth and incubated in shaker incubator with 120 rpm for 48 hr at 
25 0C. The OD value of the cell suspension was measured using a spectrophotometer and the cells 
were adjusted to 108 CFU/ ml. After 15 days of sowing, a 20 ml of the pathogen (1 × 106 spores/ml) 
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and 4 ml (108 CFU/ ml) antagonistic bacterial isolates were added per seedling to the base of a stem at 
2 cm depth of soil with syringe injection. The antagonistic bacterial isolates were inoculated to 
seedlings in a pot before seven days of inoculation of Fusarium isolates (Tamiru and Muleta, 2018). 

 
Experimental design and treatment details 

The pots were arranged in complete random block design and the treatments were carried out in 
triplicates. All the plants were harvested from each pot at the flowering stage (45 days after sowing). 
Excess soil was removed from the roots by placing the root mass on a sieve and washing with running 
tap water. Cleaned plants were separated into root and shoots.  
Treatment details;  
Treatment 1:  Fusarium SH 1 + Bacteria SH 5 
Treatment 2:  Fusarium SH 1 + Bacteria SH 1 
Treatment 3: Fusarium SH 1 + Bacteria SH 7 
 Negative control: without Fusarium isolates  
Positive control: inoculated with Fusarium SH 1  
  

Disease incidence, severity, shoots, and root growth parameter was assessed.  Disease incidence 
and disease severity were assessed using the method described in the pathogenicity test. The 
percentage of disease reduction (DR %) was calculated by using the following formula (Ahmed and  
El-Fiki, 2017). 
 

Percentage of disease reduction �� (%) 
DC-DT x 100, 

DC 
Where DC is a disease on the positive control; Dt is a disease on the treated plant with an antagonist. 
      

The shoot and root length, number of leaves per plant were recorded. The fresh weight of each 
seedling root and shoots were measured with a triple beam balance. The dry weight of roots and 
shoots were measured after drying it at 80 0C for 72 hr in a hot oven (Mazen et al., 2008). 
 
 Data analysis 

The data were subjected to analysis of variance (ANOVA) using SPSS version 20. LSD’s test 
was performed at a 5% level of significance to denote a significant difference between the results.  
 
Results 
 
Characterizations of potential biocontrol bacterial isolates  

In this study, a total of 34 bacterial pure cultures were differentiated with colony pigment, colony 
margin, elevation, and shape. Among the bacterial isolates, ten (33.33 %) of them were oval, irregular 
nine (26.47 %), round ten (33.33%), rhizoids four (11.76 %) and one (2.90 %) bacterial isolates were 
filamentous in colony shape. All the isolates were grouped into five colony edges; i.e wavy nine 
(26.47 %), entire nineteen (55.88 %), lobate one (2.90 %), errose four (11.76 %) and curled one (2.90 
%). Similarly, colony elevation was grouped into five elevation types. Accordingly, nine (26.47 %) of 
them were umbonate, convex nine (26.47 %), flat eleven (32.35 %), raise one (2.90 %) and pulvinate 
four (11.76 %). Concerning colony colors, all (100 %) bacterial isolates were showed yellowish and 
whitish colors with a fruity smell. In cell morphology, 30 (88.23 %) gram-negative and 4 (11.77 %) 
gram-positive bacteria were identified with rod (88.23 %), cocci (5.88 %), and spirals (5.88 %) 
shapes.   

 
Biochemical characteristics of bacterial isolates 

In the catalase test, 31 (91.17 %) bacterial isolates were able to produce catalase enzymes, while 
the remaining showed negative catalase activity. Thirteen (38.23 %) bacterial isolates were able to 
produce cytochrome C oxidase enzyme, whereas 21 (61.76 %) isolates showed negative results. 
Similarly, 16 (47.05 %) isolates showed positive results in citrate utilization, while 18 (54.94 %) 
showed negative results.  
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 Characterizations of pathogenic Fusarium isolates 
Ten suspected Fusarium isolates were identified based on spore morphology and colony structures 

(Table 1). The highest colony diameter (90 mm) was recorded in isolates Fusarium SH 4, Fusarium 
SH 2, Fusarium SH 1, Fusarium SH 6 on the seventh days of incubation at 27 ±1 0C.  The isolates 
colony growth, margin, and pigmentation were indicated in Table 1. White fluffy mycelium growth 
and the smooth margin were observed in Fusarium SH 2, Fusarium SH 3, Fusarium SH 7, Fusarium 
SH 8, Fusarium SH 1, and Fusarium SH 6 isolates. Similarly, Fusarium SH 9, Fusarium SH 2, 
Fusarium SH 3, Fusarium SH 7, Fusarium SH 8, and Fusarium SH 1 showed purple colony 
pigmentation.  The remaining four isolates were showed milky whitish pigment.  

 
Table 1: Colony morphology of Fusarium isolates on PDA medium  

Isolate code Colony growth Pigmentation Colony margin 

Fusarium SH 1 White fluffy mycelium Purple  Smooth margin  
Fusarium SH 2 White fluffy mycelium Purple Smooth margin 
Fusarium SH 3 White fluffy mycelium Purple  Smooth margin  
Fusarium SH 4 White fluffy mycelium Milky white Irregular 
Fusarium SH 6 White fluffy mycelium White  Smooth margin  
Fusarium SH 7 White fluffy mycelium Purple  Smooth margin  
Fusarium SH8 White fluffy mycelium Purple  Smooth margin  
Fusarium SH 9  White c cottony growth and raised mycelium Purple Smooth margin 
Fusarium SH 10 White cottony growth and raised mycelium White  Smooth 
Fusarium SH 11 White cottony growth and raised mycelium Milky white  Irregular 

 
In vitro screening of antagonistic bacterial spp. against Fusarium isolates 

Most of the bacterial isolates showed potent antifungal activity by restricting mycelial expansion 
on a dual culture medium (Table 2). The growth inhibition was ranged between 31.7- 65.1%.  Isolate 
Bacteria SH 7 showed the maximum mycelium growth inhibition (65.1%) and the lowest (31.7%) 
inhibition was recorded in isolate Bacteria SH 4. Three bacterial isolates Bacteria SH 7 (65.1 %), 
Bacteria SH 5 (48.01 %), and Bacteria SH 1 (47.2 %) were highly restricted the mycelia growth of 
Fusarium isolates (Table 2).  
 
Table 2. In vitro: antagonistic effect of bacteria against mycelial growth of Fusarium species 

 
Bacterial 
isolate  code 
and control 

Incubation periods 
2nd day 4thday 6thday  

Diameter 
(mm) 

Inhibition 
(%) 

Diameter 
(mm) 

Inhibitio
n (%) 

Diameter 
(mm) 

Inhibition 
(%) 

Average 
inhibition (%) 

Control 48.00  63.00  95.00   
Bacteria SH1 20.00 58.33b 40.00 36.50b 50.60 46.80c 47.20b 
Bacteria SH2 31.60 34.20c 43.50 31.00c 47.00 50.50b 38.56c 
Bacteria SH3 31.60 34.00c 43.50 31.00c 47.00 50.50b 38.56c 
Bacteria SH4 30.00 37.50c 52.50 16.60d 56.00 41.00c 31.70d 
Bacteria SH5 25.60 46.60b 35.20 44.13b 44.30 53.33b 48.01b 
Bacteria SH6 26.00 45.80b 43.50 30.90c 46.50 51.00b 42.50c 
Bacteria SH7 18.00 62.50a 25.00 60.30a 26.00 72.60a 65.10a 
Bacteria SH8 29.00 39.50c 41.00 34.90c 45.00 52.60b 42.30c 
Bacteria SH9 27.30 43.10b 40.30 33.90c 46.60 44.50c 40.50c 

P-value  0.001  0.002  0.00 0.00 
Means within a column followed by the same letter are not significantly different at P  0.05 

 
Pot experiment: 
 
 Pathogenicity test 

In pathogenicity test the disease incidence of black root rot diseases was scored 100% in each 
seedling inoculated with Fusarium SH 1, Fusarium SH 2, Fusarium SH 3, Fusarium SH 4, and 
Fusarium SH 5   isolates. On the other hand, 11.1% of disease incidence recorded in control faba bean 
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seedlings. The black root rot disease severity was 91.66 %, 63.88 %, 38.33 %, 41.66 %, and 52,77% 
in each seedling inoculated with Fusarium SH 1, Fusarium SH 2, Fusarium SH 3 Fusarium SH 4, and 
Fusarium SH 5 isolates, respectively (Table 3). Similarly, 8.33% disease severity was recorded in 
control faba bean seedlings. Faba bean seedlings inoculated with Fusarium SH 1 isolates, early 
develop the disease symptoms and become died.  

 
Table 3: Pathogenicity test of different Fusarium species against faba bean black root rot disease in 

pot experiments 

Fusarium  
isolate code 

No 
of 

seedling 

Infected 
seedling 

Disease 
incidence 

(%) 

Disease 
severity 

(%) 
Remark 

Fusarium SH1 9 9 100a 91.6a Highly aggressive 

Fusarium SH2 9 9 100a 63.8b Less aggressive 

Fusarium SH3 9 9 100a 38.33c Weak aggressive 

Fusarium SH4 9 9 100a 41.66c Weak aggressive 

Fusarium SH5 9 9 100a 52.7d Develop symptoms at higher stages 

Control 9 1 11.1b 8.3f Little symptom shown 

Means within a column followed by the same letter are not significantly different at P  0.05  

 
Pot efficacy evaluation of bacterial spp against Fusarium isolate 

   Fusarium black root rot disease was recorded in seedlings treated with bacteria SH 7, Bacteria 
SH5, and Bacteria SH1   with percent disease incidence  77.7 %, 44.4 %, and 11.1 %, respectively, 
whereas,  100 % diseases incidence was recorded  in positive control. The highest disease incidence 
(88.80 %), and severity (89.92 %) reduction was recorded in faba bean seedlings treated with Bacteria 
SH1 (Figure 1).  
 

 
Fig.1: Effects of bacteria against Fusarium isolate 

 Shoot growth parameters 
Results in Table (Table 4) indicated that all faba bean seedlings treated with bacterial isolate were 

showed the highest shoot length, number of leaves, and shoot fresh weight as compared to the positive 
control, and negative control. The shoot length, number of leaves, and shoot fresh weight of faba bean 
treated with bacteria SH 7 showed significantly different (p < 0.05) from faba bean treated with other 
bacterial isolates, and controls. However, there was no significant difference (p > 0.05) between 
treatments on shot dry weight except for negative control (Table 4).   
 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

100.00

Bacteria SH 5 Bacteria SH 1 Bacteria SH 7

Incidence

Incidence reduction

Severity

Severity reduction



Middle East J. Appl. Sci., 10(1): 110-119, 2020 
EISSN: 2706 -7947    ISSN: 2077- 4613                                        DOI: 10.36632/mejas/2020.10.1.14 

117 

Table 4: The effect of bacterial antagonists on faba bean shoot growth parameters 

Treatments  
No of 

seedlings 

        Shoot growth parameters   
Shoot length 

(cm) 
No of leaves  
per seedling 

Total Shoot fresh 
weight (g) 

Total Shoot dry 
weight (g) 

Mean ± Sd Mean ± Sd Mean ± Sd Mean ± Sd 
Bacteria SH 5 9 67.20a ± 8.80 55.60a ± 11.90 116.60a ± 18.30 12.40a ± 3.70 
Bacteria SH 1 9 63.90a ± 8.80 57.10a ± 11.90 133.30b ± 18.30 12.10a ± 3.70 
Bacteria SH 7 9 56.70b ± 8.80 52.70b ± 11.90 103.30c ± 18.30 12.10a ± 3.70 
Positive control 9 44.30c ± 8.80 27.70c ± 11.90 83.30d ± 18.30 12.50a ± 3.70 
Negative control 9 57.00b ± 8.80 49.00b ± 11.90 110.00e ± 18.30 3.90b ± 3.70 
p –value  0.00 0.00 0.00     0.00 
Means within a column followed by the same letter are not significantly different at P  0.05 

 
Root growth parameters 

There was significant difference (p < 0.05) between faba bean treated with bacterial isolates and 
controls in root length, and root dry weight.  Bacteria SH 5, and SH 1 significantly increases root 
fresh weight of faba bean seedlings. The highest (16.40 cm) means of root length was recorded in faba 
bean seedlings treated with bacteria SH 5, whereas the height root fresh weight (14.60 cm) and the 
highest root dry weight (1.41 cm) were recorded in faba bean treated with Bacteria SH 5, and SH 1 
isolates, respectively (Table 5).   

 
Table 5: Effect of bacterial antagonists on root growth parameters 

Treatment 
No 

seedling 

Root growth parameters 
Root length Root fresh weight Root dry weight 

Mean ± Sd Mean ± Sd Mean ± Sd 
Bacteria SH 5 9 16.40a ± 1.80 14.60a ± 0.80 1.30a ± 0.40 
Bacteria SH 1 9 14.90a ± 1.80 14.20a ± 0.80 1.41a ± 0.40 
Bacteria SH 7 9 13.30a ± 1.80 12.60b ± 0.80 1.40a ± 0.40 
Positive control 9 11.70b ± 1.80 12.80b ± 0.80 1.20b ± 0.40 
Negative control 4 12.50b ± 1.80 14.20a ± 0.80 1.30a ± 0.40 
p-value  0.00 0.00 0.00 
Means within a column followed by the same letter are not significantly different at P  0.05 

Discussion  
      Faba bean black root rot disease caused by Fusarium solani is one of the common faba bean 

yields limiting soil-borne fungal disease (Tamiru and Muleta, 2018). Fusarium spp was isolated from 
the symptomatic faba bean roots based on colony pigmentation, cultural and spore morphology. We 
found white cottony growth and raised mycelia with smooth margins of Fusarium isolates. Fusarium 
spp. was produced two main characteristic asexual spores’ macro and microconidia spores. The 
shapes of macrocondia were sickled shaped and elongated with blunt ends. In agreement with the 
current study Chandran and Kumar (2012) had found that the colony characteristics of six Fusarium 
solani as white sparse growth, three as white cottony growth, and two as white fluffy and three as 
white dense growths. 

In line with Belete et al. (2015), and   Schaad et al., (2001) they reported that bacteria based upon 
their cultural morphology, and Gram reaction, we differentiated pure bacterial isolates based on 
colony pigment, colony margin, elevation, cell shape, Gram reaction, and biochemical tests from faba 
bean rhizosphere soil samples, and 38.23 % of them were grouped as Pseudomonas Spp.  The current 
study screened the indigenous antagonistic bacterial isolates identified as Pseudomonas spp against 
Fusarium solani in vitro in dual culture techniques, and pot experiments.    

Dual culture of antagonistic bacterial isolates showed potent antifungal activity by restricting 
mycelial expansion against Fusarium solani.  This could be due to the ability of the production of a 
large number of antimicrobial compounds by bacterial antagonists.  In another study, Alemu and 
Alemu (2015) reported  extracted antifungal compounds from Pseudomonas fluorescence obtained 
from citrus rhizosphere that inhibit the mycelial growth of Fusarium solani.     

In the current study, though Fusarium isolates exhibited an aggressive effect on faba bean 
seedlings in pot experiments pathogenicity test, the bacterial antagonists significantly reduce the 
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incidence, and severity of faba bean black root rot disease. This could be attributed to their capacity to 
produce various antifungal metabolites. In consistence with this, the antagonistic activity of 
Pseudomonas strains against Fusarium solani had been previously reported by Yen et al. (2006), and 
Bajpai et al. (2008).  The present study showed indigenous bacterial antagonists proved to be effective 
in controlling faba bean black root rot disease-causing Fusarium solani.   

The bacterial isolates play key roles in promoting shoot, and root growth parameters of faba bean 
besides its antagonistic activities. This indicated that the bacterial isolate could produce hormones that 
could elongate faba bean root, and shoot.  Increased cell elongation and multiplication due to 
enhanced nutrient uptake by plants following inoculation of bacterial isolates may have caused the 
increased faba bean shoot and roots.   
 
Conclusion and recommendations  

Faba bean rhizosphere soil indigenous bacterial isolates have significantly reduced the effect of 
faba bean black root rot disease-causing Fusarium solani under in vitro and pot experiments. In dual 
culture, Bacteria SH 1, and Bacteria SH 5 isolates were significantly inhibited the mycelial growth of 
Fusarium solani.  Besides, they played a great role in shoot and root growth promotion. Therefore, it 
is possible to conclude that the management of faba bean black root rot disease by indigenous 
bacterial isolates could give a dual purpose. Mass production and bioformulation of the potential 
indigenous antagonistic bacterial isolates were recommended for field application.  
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