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Abstract: Crop protection is an important area of agriculture which needs attention because of most of the hazardous inputs 

added into the agricultural system are in the form of chemicals. Production of the crop is, however, constrained by several 

disease infections including fungal diseases. The present study, was isolate twelve Pseudomonas fluorescens isolates from 

rhizospheric soil of faba bean and were tested for their antagonistic activity against Botrytis fabae that is known to attack faba 

bean crops. All Pseudomonas fluorescens isolates are shown successfully employed in controlling chocolate spot diseases of 

plant. Pseudomonas fluorescens isolates 10 (88.1%) showed highest antagonistic activity against Botrytis fabae. All isolate of 

Pseudomonas fluorescens are indicated successfully employed in controlling chocolate spot diseases of plant due to their 

antifungal metabolites. Therefore, these isolates can be used as potential of biocontrol agents. 
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1. Introduction 

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

food legumes due to its high nutritive value both in terms of 

energy and protein contents (24-30%) and is an excellent 

nitrogen fixer (Sahile et al., 2008). Ethiopia is the third 

largest producers of faba bean in the world, next to china and 

Egypt (Torres et al., 2006) and its share is only 6.96% of 

world production and 40.5% of Africa (Asfaw et al., 1994). 

Faba bean is grown on 370,000 hectares in Ethiopia with an 

annual production of about 450,000 tonnes (ICARDA, 2006). 

Despite its wide cultivation, the average yield of faba bean is 

quite low in Ethiopia, because of many biotic and abiotic 

constraints (Sahile et al., 2008). Common names of Vicia 

fabae L is Ackerbohne in (Germany, Austria), Bob obecny 

(Czech Republic), Broad bean, Faba bean, Field bean, Horse 

bean, (United Kingdom), Favetta (Italy), Féverole (France), 

Haba (Spain), Hestebønne (Denmark), Põlduba (Estonia). 

In many parts of Ethiopia broad beans are a daily part of 

the diet of the population. They are an important source of 

dietary protein, especially valuable during the numerous days 

of fasting that are observed (Asfaw, 1979) and also providing 

minerals (iron, zinc, calcium) and vitamins (B1, B2, C) in 

human diet and livestock rations and a source of biological 

nitrogen fixation in cereal rotation systems (Khalil and 

Erskine, 2001). Broad beans may be consumed green, either 

raw, roasted, or boiled; as dry seed, having been soaked, 

roasted, or boiled; in a preparation with a hot sauce called 

"wot"; ground and mixed with barley, wheat, or teff flour to 

form "injera" (a kind of pancake-type bread); or used in the 

preparation of various sauces (in a mixture with mustard and 

spices that is fermented for 4-5 days) (Asfaw, 1979). 

Therefore, increasing the crop production is one of the most 

important targets of agricultural policy in several countries. 

The first description of chocolate spot disease came from 

Berkley during 1849 to 1875 in a series of articles in Britain. 

However, he was unable to associate a pathogen to the 

disease (Gaunt 1983). Sardina (1930, 1932) described the 
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pathogen Botrytis fabae during 1928-1929 when the faba 

bean crops were attacked by the disease in different areas of 

Spain. The disease has been reported from Tunisia, Algeria, 

Morocco, Libya, Ethiopia, England, Spain, Norway, 

Germany, Scotland, Russia, Japan, China, Canada, North and 

South America, and Australia (Abdelmonem, 1981; Conner, 

1967; Hebblethwaite, 1983; Ikata, 1933; Mengistu, 1979; 

Sardiña, 1929; Tupenevich and Kotova, 1970; United States 

Dept. of Agri., 1960). 

Losses caused by chocolate spot are due mainly to a 

decreased number of pods per plant (Williams, 1978), 

damage the foliage, limit photosynthesis activity, and reduce 

faba bean production globally (Torres et al., 2004). Other 

workers showed that faba bean leaves approaching maturity 

are more susceptible than the younger ones (Deverall and 

Wood, 1961 and Mansfield and Deverall, 1974). 

The chocolate spot disease (B. fabae) occurs mainly on 

leaves, but stems and flowers may also be infected under sever 

conditions as indicated fig. 1. Disease severity is favoured 

between 92-100% relative humidity and 15-20°C (Harrison, 

1980 and 1984), other factors including inoculum density, 

waterlogging, high plant density and host physiology (Griffiths 

and Amin, 1977; Ingram and Hebblethwaite, 1976; Moore and 

Leach, 1968) have been shown to be closely related with 

disease development. Also, under prolonged wet conditions, 

the disease may be epidemic with heavy crop losses (Bernier et 

al., 1993). The spots on leaves and stems enlarge and develop 

a grey, dead centre with a red-brown rim or margin. Chocolate 

spot can kill flowers and stems. Spores will form on this dead 

tissue ((Noorka, and El-Bramawy, 2011). 

 

Figure 1. Chocolate spot disease on the leaves and flowers of faba bean. 

 

Figure 2. Overview of plant-protection mechanisms in biocontrol agents from Pseudomonas fluorescens and closely-related species of fluorescent 

Pseudomonas. These pseudomonads may act directly on the plant, noticeably via production of various signals (2, 4-diacetylphloroglucinol (DAPG), 

phytohormones, etc.) and ⁄ or by triggering induced systemic resistance (ISR) pathways, and the plant provides them with organic exudates and molecular 

signals. They may also inhibit the phytopathogens by competition and ⁄ or antagonism mediated by secondary metabolites such as DAPG. In addition, these 

effects are modulated by the action of certain non Pseudomonas members of the microbial community, which may also have direct or indirect (i.e. via the 

plant) biocontrol effects and ⁄ or interfere with the functioning of biocontrol agents from Pseudomonas fluorescens and related species. As for Pseudomonas 

inoculants, their ecology and plant-beneficial properties can be influenced positively (via signalling and cooperation) or negatively (via competition) by 

indigenous root-colonizing pseudomonads. Dashed lines are used to indicate possible feedback responses of partners subjected to negative interactions, 

noticeably inhibition of DAPG production in Pseudomonas by fusaric acid from Fusarium oxysporum phytopathogens, and systemic acquired resistance in 

plant in response to infection (Couillerot et al., 2009). 
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A strain of Pseudomonas fluorescens showed antagonistic 

property against Rhizoctonia solani (Howell and Stipanovic, 

1979). A number of Pseudomonas fluorescens strains isolated 

from the rhizosphere of potato plants were reported to be 

antagonistic to Rhizoctonia solani in vitro and effectively 

reduced stem canker under laboratory conditions (Chand and 

Logan, 1984). Several strains of siderophore producing P. 

fluorescens have been shown to inhibit Fusarium oxysporum 

f.sp.cubense, Fusarium oxysporum f.sp. vasinfectum, 

Rhizoctonia solani, Acrocylindrium oryzae, Xanthomonas 

campestris pv oryzae and P. syringiae pv phaseolicola 

(Sakthivel et al., 1986) as shown in fig. 2. 

P. fluorescens isolated from rhizosphere of rape seedlings 

has been reported to inhibit Fusarium roseum and Pythium 

ultimum (Dahiya et al., 1988). Bare root dip treatment or soil 

drench with Pseudomonas fluorescens CHA0 significantly 

suppressed Rhizoctonia solani of tomato (Siddiqui and 

Shaukat, 2002). Pseudomonas fluorescens strain A 506 is a 

commercially available biological control agent (Available in 

the name of blight Ban 506; N. farm Americas Inco., Sugar 

Land, TX) used for the suppression of fire blight on pear and 

apple trees (Temple et al., 2004). 

Biological control is the strategy for reducing disease 

incidence or severity by direct or indirect manipulation of 

microorganisms (Papavizas, 1985; Paullitz and Bekanger, 

2000; Tesfaye Alemu and Kapoor, 2004; Zhang et al., 1994). 

Biological control has attracted great interest because of 

increasing regulation and restriction of fungicides or 

unnecessary control attempts by other means. It is especially 

attractive for soil borne diseases because it needs critical 

evaluation of economics of the country and the pathogens are 

difficult to reach with specific fungicides (Montealegre et al., 

2003). The application of biological controls using antagonistic 

microorganisms has proved to be successful for controlling 

various plant diseases in many countries (Sivan, 1987). 

Outside the host, the biocontrol agent may be antagonistic and 

thereby reduce the activity, efficiency, and inoculum density of 

the pathogen through antibiosis, competition and 

predation/hyper parasitism. This leads to a reduction in 

inoculum potential of the pathogens (Baker, 1977). 

There is an urgent need to improve Vicia faba yield, since 

this plant remains an important part of the diet of both 

humans and domestic animals in many parts of the world, 

because of its high nutritive value in both energy and protein 

contents. Furthermore, faba bean supplies an important 

benefit to the crop by fixing atmospheric nitrogen in 

symbiosis with Rhizobium leguminosarum thus, reducing 

costs and minimizing impact on the environmental, that is 

why increasing the plant production is one of the major 

targets of the agricultural policy in several countries (El-

Fallal and Migahad et al., 2003; Mahmoud et al., 2004).  

However, this crop is subjected to many abiotic and biotic 

stresses that seriously compromise the final yields. Among 

the menacing biotic stresses, chocolate spot, caused by 

botrytis fabae, is a worldwide disease capable of devastating 

the unprotected faba bean, result in harmful effects on 

growth, physiological activities, and yield. Chocolate spot 

disease of faba bean is the most widespread and destructive 

disease in Ethiopia with yield reductions of up to 61% on 

susceptible cultivars (Dereje and Beniwal, 1987). The 

problem of adequately protecting plants against the fungus by 

using fungicides has been complicated by development of 

fungicidal resistance and many chemicals traditionally used 

to control chocolate spot disease is less effective (Harrison, 

1988), giving only partial disease control, high cost of their 

use and /or adverse effects on growth and productivity of 

faba bean as well as on the accompanying microflora 

(Khaled et al., 1995). Therefore, controlling B. fabae by 

biocontrol agents seemed to better and preferred than the 

chemical control (El-Fallal and Migahad et al., 2003; 

Mahmoud et al., 2004). The present study is an initiative and 

also helps in better understanding and utilization of P. 

fluorescens isolates as biocontrol agent. It can be also assist 

further exploited for the commercial production of an 

inoculum to use a bio-primed seed as biocontrol and 

biofertilizers are an efficient approach to replace chemical 

fertilizers, fungicide, and its incorporation in the production 

system of Vicia faba. This is also the first study to control the 

Botrytis fabae plant pathogen through biocontrol. Therefore, 

the present study was designed to isolate Pseudomonas 

fluorescens species from rhizospheric soil of healthy faba 

bean will be evaluated for their antagonistic activity against 

Botrytis fabae. 

2. Materials and Methods 

2.1. Soil Sample Collection 

The rhizospheric soil samples were collected in an 

envelope from fields growing faba bean (Vicia faba L.) from 

five Kebales of Salele zone: Mechale wartsu at altitude of 

2560 meters above sea level, Wachale at altitude of 2540 

meters above sea level, Gore kateme at altitude of 2590 

meters above sea level, Eveno at altitude of 2510 meters 

above sea level and Gago at altitude of 2520 meters above 

sea level of North Showa of Oromiya Region of Salele zone, 

Ethiopia as shown in fig. 3. The soils were brought to 

Mycology Laboratory, Department of Microbial, Cellular and 

Molecular Biology, College Natural Sciences, Addis Ababa 

University. 

 

Figure 3. Soil samples. 
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2.2. Isolation of Pseudomonas fluorescens 

Isolation of Pseudomonas fluorescens isolates studies 

were carried out on King’s B medium (KBM) (King et al., 

1954). 1g of rhizosphere soil sample was suspended in 99 

ml of sterile distilled water. Samples were serially diluted 

and 0.1 ml of sample was spreaded on King’s B medium 

plates. After incubation at 28°C for 48 h the plates were 

exposed to UV light at 365 nm for few seconds and the 

colonies exhibiting the fluorescence were picked up and 

streaked on to the slants for maintenance, purified on 

King’s B medium plates and also desigented as P f1-12 

which stands for Pseudomonas fluorescens isolates used for 

further studies as indicated in fig. 4. 

 

Figure 4. UV lamp apparatus set up. 

2.3. Collection of Pathogen 

One isolate of Botrytis fabae was obtained from Holeta 

Agricultural Research Centre, Ethiopia. This pathogenic 

fungus was isolated from the Leaf of infected faba bean 

leguminous crops. 

2.4. In Vitro Tests of Fungal Antagonism 

All Pseudomonas fluorescens isolates were assessed for 

potential antagonistic activity against Botrytis fabae on 

King’s B agar using dual culture technique (Rangeshwaran 

and Prasad, 2000). An agar disc (4 mm dia.) was cut from an 

actively growing (96 hr) phytopathogen, B. fabae culture and 

placed on the surface of fresh King’s B agar medium at the 

center of the Petri plates. A loopful of actively growing 

Pseudomonas fluorescens isolates (each) was placed opposite 

to the fungal disc and streaking the Pseudomonas fluorescens 

isolates on the plate at four locations, approximately 3 cm 

from the center. Plates inoculated with phytopathogen and 

without bacteria were used as control. All in vitro tests of 

antagonism were performed triplicates, with new 

coinoculations used each time. Plates were incubated at room 

temperature for 7 days. Degree of antagonism was 

determined by measuring the radial growth of pathogen with 

bacterial culture and control and percentage inhibition 

calculated by the following equation (Riungu et al., 2008) as 

follow as below. 

Percent inhibition �
100�C � T�

C
 

Where, 

C=Radial growth of fungus in control plates (mm) 

T=Radial growth of fungus on the plate inoculated with 

antagonist (mm) 

2.5. Data Analysis 

All the measurements were replicated three times for each 

assay and the results are presented as mean. IBM SPSS 20 

Version statistical software package was used for statistical 

analysis of mean in each case. 

3. Results and Discussion 

3.1. Isolation of Pseudomonas fluorescens 

During this research study, 12 Pseudomonas fluorescens 

were isolated from rhizospheric soil of healthy faba bean 

from five Kebales of Salale zone of Oromiya Region on 

King’s B medium and observed under UV light at 365 nm for 

few seconds and pigment producer was screened as indicated 

fig. 5. Then it was purified again on same medium and 

observed under UV light as shown in fig. 6. All the 

rhizospheric isolates were named as Pseudomonas 

fluorescens isolate 1=P f1, Pseudomonas fluorescens isolate 

2=P f2, Pseudomonas fluorescens isolate 3=P f3, 

Pseudomonas fluorescens isolate 4=P f4, Pseudomonas 

fluorescens isolate 5=P f5, Pseudomonas fluorescens isolate 

6=P f6, Pseudomonas fluorescens isolate 7=P f7, 

Pseudomonas fluorescens isolate 8=P f8, Pseudomonas 

fluorescens isolate 9=P f9, Pseudomonas fluorescens isolate 

10=P f10, Pseudomonas fluorescens isolate 11=P f11, 

Pseudomonas fluorescens isolate 12=P f12, and maintained 

on Nutrient Agar slants for further testing. 

 

Figure 5. Pseudomonas fluorescens was isolated based on their pigment 

production under UV light at 365 nm. 
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Figure 6. Pseudomonas fluorescens isolates was confirmed again under UV light at 365 nm. 

3.2. Pathogens 

Spore morphology of Botrytis fabae attachment to mycelia when slide culture was observed under microscope (Fig. 7 and 

Fig. 8). 
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Figure 7. Conidiophore of Botrytis fabae (Branched dichotomously). 

 

Figure 8. Conidia of Botrytis fabae (Ovoid shape) with measure horizontal and vertical diameter at 400x magnifications. 

3.3. In Vitro Antagonism 

The results of in vitro tests of antagonism toward the plant 

pathogen B. fabae were shows in Table 1 and fig. 9. 

Inhibition was clearly discerned by very limited growth of 

fungal mycelium in the inhibition zone surrounding a 

bacterial colony. The antagonistic effects of P. fluorescens 

isolates against B. fabae were in the range of 84.1- 88.1%. P 

f10 gave the maximum inhibition about 88.1%, followed by 

P f 9 (88.0%), P f 7 (87.6), P f 1 (87.0%), P f 8 (86.7%), P f 3 

(86.5%), P f11 (86.3%), P f 2 (85.4%) or P f6 (85.4%), P f5 

(84.8%), P f 12 (84.8%) and P f 4 (84.1%) respectively. 

Results as indicated that the mycelial growth diameter of B. 

fabae was with range 2.86-2.13cm as well as the lowest 

mycelial growth was obtained by (2.13cm) P f10 dual 

culture. Control plates not treated with P. fluorescens isolates 

were completely covered by the B. fabae showing no 

inhibition. 

 

Table 1. Effect of Psedomonas fluorescens isolates treatments aganist the 

leaner mycelial growth of Botrytis fabae in vitro tests. 

Pseudomonas 

fluorescens isolates 
Antagonistic effect against Botrytis fabae 

 
Mycelial diameter (cm) 

Inhibition (%) 
Mean ± SD 

P f 1 2.30 ±0.26458 87.0 

P f 2 2.63 ±0.32146 85.4 

P f 3 2.43 ±0.20817 86.5 

P f4 2.86 ±0.11547 84.1 

P f 5 2.73 ±0.30551 84.8 

P f 6 2.63 ±0.49329 85.4 

P f7 2.23 ±0.25166 87.6 

P f 8 2.40 ±0.36056 86.7 

P f 9 2.20 ±0.00000 88.0 

P f10 2.13 ±0.15275 88.1 

P f 11 2.46 ±0.50332 86.3 

P f 12 2.80 ±0.20000 84.8 

Control 9.00 ±0.00000 - 

Key: Mean and SD= standard deviation 
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In the present study, twelve Pseudomonas fluorescens were 

isolated from the rhizospheric soil of healthy faba bean plants 

and were tested for their antifungal activity and promising 

antagonistic against B. fabae. The dual culturing of pathogen 

with 12 isolates of P. fluorescens showed clearly potential of 

biocontrol agent as shown in fig. 9. 

All P. fluorescens isolates treatments reduced the mycelial 

growth of B. fabae on King’s B medium. These might be due 

to producing secondary metabolites which inhibited growth 

of B. fabae. Similarly, the antimicrobial activity of 

Pseudomonas fluorescens had reported against numerous 

fungi (Khan and Zaidi, 2002 and Sivamani and 

Gnanamanickam, 1988). Pseudomonas fluorescens was 

shown to effectively inhibit R. solani and P. oryzae by agar 

plate method (Rosales et al., 1995). Vidhyasekaran and 

Muthamilan (1995) recorded that Pseudomonas fluorescens 

strains showed inhibitory action against the chickpea (Cicer 

arietinum) wilt pathogen Fusarium oxysporum f. sp. ciceris 

under in vitro studies.  

As present results showed that all P. fluorescens isolates 

were success on growth inhibition against B. fabae with 

highest 88.1%. On other study, according to Sherga (1997), 

Bacillus isolates can be used as a biocontrol agent against 

Botrytis fabae and Botrytis cinarea. The highest reduction 

was caused by Bacillus isolate 115y (64%) against Botrytis 

fabae (Sahile et al., 2009). Pseudomonas fluorescens isolated 

from rhizosphere of organic farming area is an effective 

against Rhizoctonia solani (Anitha and Das, 2011). 

Pseudomonas fluorescens strain 003 was found to effectively 

inhibit (85%) the mycelial growth of fungal pathogens tested 

Rhizoctonia solani (Reddy et al., 2007). 
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Figure 9. Dual culture of Pseudomonas fluorescens isolates with B. fabae on King’s B medium. 

And also Pseudomonas fluorescens 003 was found to be 

highly effective in controlling Rhizoctonia solani with 

inhibition 58% (Reddy et al., 2010). Pseudomonas 

flourescence showed highest antifungal activity against 

Penicillium italicum (94%) and was moderately effective 

against Aspergillus niger (61%) (Mushtaq et al., 2010). 

Isolate of Pseudomonas fluorescens on co-inoculation with 

fungal pathogens showed maximum inhibition for 

phytopathogens of Collectotrichum gleosporioides (58.3%), 

Alternaria brassicola (50%), Alternaria brassiceae (12.5%), 

Alternaria alternate (16.66%), Fusarium oxysporum 

(14.28%) and Rhizoctonia solani (50%) (Ramyasmruthi et 

al., 2012). 

4. Conclusion 

The application of fungicides for plants disease control are 

largely affecting human health, normal flora of soil and 

environment and also the pathogenic fungi became very fast 

resistant to them. For this reason, biocontrol inoculation such 

as Pseudomonas fluorescens isolates are needed antagonistic 

activities against B. fabae is an acceptable alternative to 

chemical fungicides application. Pseudomonas fluorescens 

isolates under investigation possess a variety of promising 

properties which make them better biocontrol agents that are 

capable of producing, antifungal substances, and subsequent 

enhancement of yield of faba bean crop. Such type of study is 

necessary as it advocates that the environmental friendly 

biological control use for increase soil fertility and 

production of faba bean crop through management of 

chocolates spot disease. Therefore, further investigations are 

needed to investigate which type of biochemical production 

are making P.fluorescens isolates as one of the most suitable 

candidate in suppressing the phytopathogenic fungi. More 

investigations are needed to investigate this regard for 

isolation and characterization of antifungal compounds. 

Pseudomonas fluorescens isolates must be evaluted and 

tested against B.fabae in field condition in near future. 
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