
www.ijcspub.org                                               © 2022 IJCSPUB | Volume 12, Issue 3 July 2022 | ISSN: 2250-1770 

IJCSP22C1091 International Journal of Current Science (IJCSPUB) www.ijcspub.org 761 
 

BIOFORMULATION OF SELECTED 

BIOCONTROL AGENT AGAINST FUSARIUM 

OXYSPORUM 

1Bethlehem Kifle, 2Hilina Legesse, 3Mekdes Tibebu, 4Fekadu Shemekite, 5Mulisa Jida and 6Eshete Amebaw 
1Student, 2Student, 3Student,  4Doctor,  5Doctor,  6Student 

1School Of Bioscience And Technology, 
1Vellore Institute Of Technology, Vellore, Tamil Nādu ,India 

 

Abstract:  Fusarium wilt which is caused by Fusarium oxysporum f.sp. Cucumerinum (FOC) is one of the major soil-borne diseases 

infecting legume plants. Bacteria named as Paenibacillus polymyxa and Bacillus subtilis can be used as a biocontrol agent for 

controlling this fusarium wilt. Bacillus subtilis is a gram and catalase-positive bacteria found in soil and Paenibacillus is also a 

gram-positive bacterium which is found in soil. Both the bacteria have the capacity to produce antagonistic activity.  In this study 

four strains of bacteria, ALCR42(Paenibacillus polymyxa), and three strain of Bacillus subtilis which is labelled by 

number(45,46,48) which are isolated from a pure chickpea soil have been used to control the damage caused by fusarium wilt on 

Kidney bean. After the laboratory trial the bacteria was taken for the field trial on Kidney beans. Three variables used for the field 

trial, 1. Seeds treated with both the bacteria and fungus, 2. Seeds treated with only fungus as a positive control and 3. Seeds with 

no treatment as a negative control. These seeds were planted, and a continuous observation was done to record data on the potential 

of the bacteria against the pathogen. The results indicated that paenibacillus polymyxa has a relatively good potential of controlling 

the pathogen, Fusarium oxysporum. The results found in this work help to expand existing knowledge on the two bacteria and their 

application in agriculture. 
  

Index Terms - Paenibacillus polymyxa                   Bacillus subtilis            chickpea soil  

fusarium wilt             Kidney beans. 

I. INTRODUCTION 

Legume is a plant in the family fabaceae or the fruit or seed of such a plant. The edible seed from a legume plant is pulse. Pulses 

include beans, lentils, and peas. Legumes are widely distributed as the third-largest land plant family in terms of number of species. 

Seed viability of legume plants decreases with longer storage time. Legumes are plants that can grow with low nitrogen inputs in a 

harsh environment and there are some products like food, feed, fibers and even fuels that come from legumes. There are various 

plants that are included under legume plants and the well- 

known legumes include beans (soybeans, kidney beans, broad beans, common beans), peas, peanuts, chickpeas, clover and others. 

In this study white kidney beans have been used. Kidney bean is a variety of common beans, and it is grouped under legume plants. 

White kidney beans are nutritional rich beans, they are rich with fibre and protein from macronutrients, magnesium, and vitamin 

B6 from micronutrients.  

Among diseases affecting legumes, Fusarium wilt caused by the soil-borne pathogen Fusarium oxysporum. Fusarium oxysporum 

is one of the major factors which is limiting production of legume worldwide. This disease can cause total losses in highly infested 

fields of some legume species such as kidney beans. Fusarium oxysporum is soil borne pathogen in the class of hyphomycete which 

causes wilt on many plants such as tomato, banana, and legume plants. It has become a serious issue since it can survive in the soil 

or associated with plant debris such as mycelium or in its spore form, for about ten years. It is also favoured with warm temperature 

(26-28°c) and acidic soil (PH 5- 5.6). In addition to these, plants exposed to fertilization with ammonium nitrate are susceptible to 

fusarium oxysporum infection.The fungus, after penetrating root tip, reaches to xylem. Once it reaches xylem, it produces spores, 

and its mycelia clog the vascular vessels and lead to plant wilting. This process is more favoured if the root has wounds. Yield loss 

of infected crops can be high up to 10-90% and become a serious issue in developing and developed countries. Several studies have 

been conducted to overcome these agricultural losses. There are some microbes which can be beneficial to plants and have the same 

role as chemical fertilizers and pesticides, acting as a biofertilizer or biopesticide (Abeer Hashem et al.,2019). Large number of Bio 

controlling agents including bacteria invested, for this study bacillus is considered. Bacillus species are a type of plant growth 

promoting rhizobacteria (PGPR). Plant growth is enhanced by PGPR through the induction of systemic resistance, antibiosis, and 

competitive omission. Three bacillus subtilis strains and one paenibacillus polymyxa are used.  

 Bacillus subtilis is a gram positive, catalase-positive bacteria found in soil and it is not considered pathogenic or toxigenic to 

humans, animals and plants. It produces endospores that allow the survival of extreme environmental conditions. Bacillus subtilis 

produce antagonistic activities against several bacterial pathogens and it is an effective strain which grows quickly. Bacillus subtilis 
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exhibits both a direct and indirect biocontrol mechanism to suppress disease caused by pathogens (Abeer Hashem et al.,2019). The 

synthesis of many secondary metabolites, hormones, cell-wall degrading enzymes and antioxidants that assist the plant in its defense 

against pathogen attack is the direct mechanism of biocontrol whereas, the simulation of plant growth and the induction of acquired 

systemic resistance is the indirect mechanism.    

         Paenibacillus polymyxa is a gram-positive bacterium capable of fixing nitrogen. It is found in soil and has the potential 

future applications as a biofertilizer and biocontrol agent in agriculture. Like Bacillus subtilis, Paenibacillus polymyxa is also a plant 

growth promoting rhizobacterium (PGPR) that has been used as a soil inoculant for biocontrol of plant pathogenic fungi and to 

promote plant growth. (Chi Eun Hong et al., 2016). It can produce antibiotic compounds like polymyxin and antifungal compounds 

like fusaricidin that can suppress the growth of pathogens in both lab and field conditions. (Kiran Preet Padda et al.,2017). 

 

 

II. RESEARCH METHODOLOGY 

   

2.1 ISOLATION 

Three bacterial isolates (Paenibacillus polymyxa, Bacillus subtillus stored in the culture collection of the Ethiopian Biotechnology 

Institute (EBTi), and fungal isolates obtained from the Addis Ababa University (AAU), Ethiopia were used for this study. 
2.2 CHARACTERIZATION OF THE ISOLATED BACTERIA 

Morphological properties, (including shape, size, edge, color) and biochemical characteristics such as Gram stain, catalase and 

oxidase test were used for the verification of the bacterial strains before further use. Color, shape, transparency and margin were 

examined and recorded as colony morphological characteristics according to cheesbrough(1991). 

2.2.1 KOH TEST  
To perform KOH test, a sterilized glass slide was prepared for each strain of bacteria and in each slide two drops of 3 % KOH were 

added then put on one loop of incubated bacterial culture from the surface of NA media then bacterial strain stirred with KOH 

solution gently for 5 to 10 sec at room temperature. The loop was lifted slowly from the mixture. If it turns to a tread of slime and 

thick followed by 0.5 cm or more it is gram positive but if not, it is gram negative. 
2.2.2 CATALASE TEST  

A sterilized glass slide was prepared for each strain of bacteria and in each slide 1 ml of hydrogen peroxide (H2O2) was added then 

using a serialized loop inoculated colonies taken from the surface of NA media and immersed in H2O2 solution, then stirred for 5 

to 10 sec at room temperature.  If it shows immediate gas bubbling, it is catalase positive unless it is catalase negative. 

 

2.3 CULTURE PRESERVATION 
Pure culture was preserved by preparing media   using nutrient agar medium then four bacterial strain samples inoculated in a media 

and stored in an 180c refrigerator for further use. 

 

2.4 DUAL CULTURE ASSAY 
In-vitro inhibition of the mycelial growth of Fusarium oxysporum (FOC) by the four bacterial strains was tested using the dual 

culture technique described by Linda et al (1997) and Mulisa et al (2015), but with some modification. 

One microliter of liquid culture suspension of each bacterial strain was spotted equidistantly along the perimeter of Potato Dextrose 

Agar (PDA) plates and were incubated in the dark at 28 ◦C for 2 days. After 48 h, a 4-5 mm diameter agar disc from potato dextrose 

agar (PDA) cultures of the fungal pathogens was placed at the center of the bacterial inoculated PDA plate. Plates without BCA 

were used as the control and incubated at the same temperature and time. The radii of the fungal colonies from the bacterial colonies 

were measured and the inhibition zone, noted by the absence of any contact between the bacteria and the FOX. After incubation, 

was scored and percentage of mycelial inhibition growth was calculated as described in Souad Zaim et al (2013). Each test was 

replicated three times. An inhibition index (I) was also calculated according to the following formula (Wang et al, 2009). 

 

Percentage inhibition(I) 

I=R1-R2*100 

                                         R1                                        (1)         

  

where    R1 right side average inhibition 

                                                        R2 is left side average inhibition 

 

A total of three measurements were taken per experimental unit by measuring R1 and R2 on both sides of the pathogen colony, 

repeated at the two timepoints. The two R1 and R2 values in each experimental unit were averaged, respectively. 

 

 

 

 

2.5 PRODUCTION AND FORMULATION OF BACTERIAL SPORES 

Bacterial spores were harvested following the procedure described in EL-Hassen and Gowen (2006). Fresh cells of Paenibacillus 

polymyxa, and three strains of Bacillus subtilis were grown on nutrient broth by a fermentation process using 300ml of NB plus 2% 

glucose, in 500ml Erlenmeyer flasks, until sporulation was completed. Each flask was inoculated with 1ml initial bacterial 

suspension of 24h old bacterial culture grown on NA and incubated at 28±20C on a constant rotary shaker incubator (faithful shaker 

incubator) at 150 r.p.m. for 5 days. Spore biomass of the Bacterial strains was harvested by centrifugation (universal centrifuge 

model PLC-036) of the culture broth at 4100 r.p.m., 20◦C for 30 min in 15ml sterile universal graduated conical Falcon tubes. The 

pelleted bacterial spores were washed twice with cold 1.0M NaCl and thrice with sterilized 0.05 M Phosphate buffer saline (PBS, 

pH 7.0) solution, re-suspended and centrifuged again under similar conditions.  
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2.6 DETERMINATION OF BACTERIAL GROWTH  

Growth of the four bacterial strains was determined by the standard procedure described in scientific publications. Colony forming 

units (CFUs) of bacterial growth in sterile PBS were determined by estimating the optical density (OD) of the spore suspension 

using a tube reading centrifugation adjusted to 1.978 (corresponding to 8.5x108CFU/ml) at 600 nm absorbance wavelength. 

Correspondingly, serial dilution of PBS inoculated bacterial suspension was used to count the number of CFUs per unit of inoculants. 

First, spores were taken and serially diluted until extinction. Plates containing NA media were inoculated by a 250µl bacteria gently 

spread on to the NA by using a glass road. Then, suspension taken from each test tube containing nutrient broth; and it were 

incubated at 28±2◦C. After 2days of incubation, colonies were counted from each NA plate and CFU/ml was calculated. The 

bacterial spore suspension was gently sprayed at different times on sterilized talc-based powder at a ratio of 40 ml suspension to 

200 g of the carrier. Formulations were individually placed on sterile aluminum foil in pans and air-dried for 24 h with an occasional 

stirring in a laminar airflow cabinet. Formulations (35% moisture content) of the bacterial strains were passed through a 250 µl 

meshed to attain the desired particle size and packed in sterilized polypropylene bags, sealed and stored at room temperature prior 

to use. 

2.7 GERMINATION  
Totally 90 seeds of kidney beans were collected from Piasa market, ADDIS ABEBA, Ethiopia. Further the seeds were soaked in 

water for 48-72 hr. on account of kidney beans needing more time to germinate. From germinated 90 seeds, 15 seeds were used for 

each strain of bacteria which means totally 60 seeds used for bacterial strain. From the rest 30 seeds 15 seeds were used for positive 

control and the remaining 15 seeds were used for a negative control. 

2.8 SEED TREATMENT WITH BACTERIAL SPORES 
Seeds of kidney bean were surface sterilized by 97% (vol/vol) alcohol, washed three times in double distilled (DD) water; and 

then dried in a laminar airflow cabinet for 2h prior to dressing. Fifteen dried seeds of kidney bean were moistened with 0.2ml of 

1% solution of CMC, as a sticking agent; then 0.5g of bacterial spore was added to the moistened seeds. The spore count of the 

bacterial strains was adjusted to 108spore per ml of PBS. After 24h of soaking in the bacterial spore formulated media, seeds were 

again inoculated by 5ml FOC spore, a pathogen causing fungal wilt. The entire mixture was shaken carefully in a petri-plate for 

1min to form an even coating of the seeds. The same number of seeds was immersed in bacterial spore suspension of the above 

concentration for 10min, serving as a positive control. Both sets of seeds were then dried on filter paper under a laminar airflow 

cabinet for at least 2 h after which they were ready for planting. Germination was calculated and reported as percentage of 

germinated seeds.     
2.9 EFFICIENCY OF SEED TREATMENT BY BIOCONTROL AGENTS AGAINST FUSARIUM OXYSPORUM  
The experiment was designed to test the efficacy of bacterial strains used as biocontrol agents against FOC, a wild disease-causing 

fungus. Dressed seeds with bacterial spores and moistened with FOC were used in a pot experiment under a simulated greenhouse 

set in the lab condition following the procedure described in Vincent (1970), with a slight modification.  

Loam/sand soil was sterilized in an autoclave set at 121◦C and 1atm.pressure; and then 3kg containing pots were filled with a 

mixture of the sterile loam/sand soil. Pots were punctured at their bottom side to drain excess water. Five dressed and germinated 

seeds of kidney bean were put in each pot into the soil at a depth of 3cm; and watered with N-free media until the radicle and epicotyl 

gave rise to root and steam, respectively. Then, pots were thinned down to three after a few days. Watering and nutrient 

supplementation continued until plants got mature. The same pots drenched with and without urea were also included in this 

experiment, serving as positive and negative control. All treatments were set in triplicate pots. The treatments employed in this 

experiment were: i) untreated kidney bean seeds containing pots (negative control); ii) FOC treated seeds only (positive control); iii) 

Kidney seeds treated with Paenibacillus polymyxa + FOC; iv) kidney bean seeds treated with Bacillus subtilis FOC.   

 

III. RESULTS AND DISCUSSION 

3.1 CHARACTERIZATION  

3.1.1MORPHOLOGICAL CHARACTERIZATION 

 

The cultural morphological characters of isolates showed slightly raised, flat, regular, irregular, white-, and cream-colored colonies.  

3.1.2 CATALASE TEST 

Catalase test, test the presence of catalase enzyme which can break harmful substance hydrogen peroxide into water and oxygen. 

Catalase positive bacterial sample identified by bubble formation due to oxygen production. The four strains of bacterial P.Polymyxa 

and B.subtilis have been found to be catalase positive because there was bubble formation after a few minutes of mixing.  Bacteria 

capable of protecting themselves from the lethal effect of Hydrogen peroxide which is accumulated as an end product of aerobic 

carbohydrate metabolism. (February 9, 2022 by Sagar Aryal). 

 

                                         
                        Fig 1. bubble produced on the strains Paenibacillus Polymyxa(42) and Bacillus subtilis(45,46,48).  
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3.1.3 KOH TEST 

Potassium hydroxide test (KOH test) is used to identify gram negative bacteria. KOH dissolves the thin layer of peptidoglycan of 

the cell walls of gram-negative bacteria but does not affect gram positive cell walls. Disintegration of gram-negative cell walls lyses 

the cell and releases its contents, including the DNA. The DNA will make the solution very  viscous, and the solution will stick to 

the plastic loop when touched. Gram positive bacteria will not be affected by KOH, because they have a thicker peptidoglycan layer 

in the cell wall. Thus, the cells will not be lysed, the DNA not released, and no viscosity will be observed (August 15, 2019 by 

Sagar Aryal). 

B.subtilis and p.polymyxa showed negative results and found to be gram positive, because there were no viscosity or stickiness and 

it was concluded that all strains have thicker peptidoglycan layer in their cell wall. 

                                      

                                            
           Fig 2. All bacterial strain turns to be gram positive, negative result for KOH test 

 

3.2 DUAL CULTURE ASSAY 
After characterization of isolated bacterial strains, antagonistic efficiency of each strain was analysed by growing both bacteria and 

fusarium oxysporum on PDA media. Inhibition zones were identified by measuring fungus free zones and converting it to 

percentile.  

 
 

Percentage Inhibition Formula: 

                                                           I=R1-R2*100   

                                                                 R2                      

 

 

  

 
Fig .3 inhibtion  
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3.3 FORMULATION OF BACTERIAL SPORE  
Bacterial strains which were Cultured in liquid nutrient broth with 2% glucose, underwent centrifugation and spores were harvested 

Then spore size was identified by subtracting the weight of empty conical Falcon tube from total weight of conical Falcon tube with 

spore.  

Table.1 Dry mass of bacterial spore measured on electronic balance  

Bacterial strain Harvested spore (g) 

42 0.3 

45 0.5 

46 0.7 

48 0.9 

 
3.4 COLONY COUNT 

From the five petri plate colonies, which were in the range between 30 - 300, were counted using the colony counter. 

Table.2 Number colonies with their respective dilution factor 

Name of 

bacterial strain 

Number of 

colonies  

Dilution 

factor  

42 152 10-6 

45 50 10-4 

46 103 10-6 

48 133 10-6 

 

 

 
3.5 GREENHOUSE  

Table 3: Growth analysis in number  

 

 
                                              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variables  

Pot Seed per pot 

 1st pot 2nd pot 

42 2 2 1 

45 2 1 2 

46 0 — — 

48 0 — — 

Positive control (FOC only) 2 1 1 

Negative control  

( seed only) 
2 4 1 
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Table 4: Disease assessment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variables 
Day Total number of leaves 

Symptom of FOC wilt 

Necrosis Yellowing Stunting Death of seedling 

42 

1 10 No No No 

12 
2 10 2 leaves No No 

3 20 2 leaves No No 

4 29 No 2 leaves No 

45 

1 10 No No No 

12 
2 10 1 leaf No 1 leaf 

3 24 2 leaves No 2 leaves 

4 39 No 2 leaves No 

Fungs only 

(Positive control) 

1 3 No No No 

13 
2 9 No No No 

3 15 No No No 

4 24 3 leaves No 3 leaves 

Seed only 

(negative control) 

1 0 No No No 

10 
2 20 2 leaves No No 

3 29 2 leaves No No 

4 55 9 leaves 9 leaves No 

       

Variables Day Total number of leaves 
Symptom of FOC wilt 

Necrosis Yellowing Stunting Death of seedling 

42 

1 10 No No No 

12 

2 10 2 leaves No No 

3 20 2 leaves No No 

4 29 No 2 leaves No 

45 

1 10 No No No 

12 
2 10 1 leaf No 1 leaf 

3 24 2 leaves No 2 leaves 

4 39 No 2 leaves No 

Fungs only 

(Positive control) 

1 3 No No No 

13 
2 9 No No No 

3 15 No No No 

4 24 3 leaves No 3 leaves 

Seed only 

(negative control) 

1 0 No No No 

10 
2 20 2 leaves No No 

3 29 2 leaves No No 

4 55 9 leaves 9 leaves No 
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Fig.4 Growth of kidney beans treated with bacterial strain 42 (Paenibacillus polymyxa) which was recorded for the last time 

 

 

    
Fig5 Growth of kidney beans treated with bacterial strain 45 (Paenibacillus polymyxa) which was recorded for the last time 

 

    

IV. DISCUSSION 

Laboratory analysis showed promising results on most replicate trials and the work was further developed in vitro. As they are 

common and vulnerable, Kidney bean seeds are used for disease assessment. During progress recording periods, Seeds which were 

treated with Paenbacillus Polymyxa(42) and B.subtilis (45) plus FOC showed good growth progress and persisted healthily. 

However, pest infection and stunting were observed on four leaves during second and third recording days. This did not affect the 

result significantly, but we recommend using a well-protected greenhouse for further scientific work.   

The other two strains 46 and 48, unlike the results observed in the laboratory trial, did not show growth till the last recording day. 

Most of the seeds were decomposed in soil. It is suggested this may be caused by wrong planting technique, poor aeration or due 

to infertility of the seeds. We suggest repeated trial and soil analysis for the presence of fusarium oxysporum . For the above reason, 

result discussion is left for further analysis. 

On Positive control during first recording days normal amount of leaf number was counted but later on number of leaves shown 

little progress, this may be due to mycelia clogging the vascular vessels and caused the slow growth and the negative control shown 

consistent growth during the period but some were infected by pests and shown leaf fall. These symptoms considered to be normal 

because the seeds were not treated with biocontrol agents. 

In addition to these, seedlings were observed on average of two on all of the variables and this may be because of fusarium infection 

in their early stage. 

V. Conclusion  
Fusarium wilt which is caused by Fusarium oxysporum f.sp. Cucumerinum (FOC) is one of the major soil-borne diseases infecting 

legume plants. Large number of Bio controlling agents including bacteria invested, for our study bacillus is considered. Bacillus 

species are a type of plant growth promoting rhizobacteria (PGPR). Plant growth is enhanced by PGPR through the induction of 

systemic resistance, antibiosis and competitive omission. Three bacillus subtilis strains and one paenibacillus polymyxa are used 

for this study.  

 Bacillus subtilis is a gram positive, catalase-positive bacteria found in soil, and it is not considered pathogenic or toxigenic to 

humans, animals and plants. It produces endospores that allow the survival of extreme environmental conditions.  

 Paenibacillus polymyxa is a gram-positive bacterium capable of fixing nitrogen. It is found in soil and has the potential future 

applications as a biofertilizer and biocontrol agent in agriculture. 

Based on significant antagonist efficiency observed in laboratory trials, seeds were planted under controlled environment and 

watered with distilled water  every two days interval and their growth was recorded after a week . 

Out of 18 pots that have been used for planting the seeds, 8 pots have shown growth and no growth have been shown in the rest 10 

pots. The seeds that were treated with 42 and 45 have shown good growth whereas the seeds which were treated with strain 46 and 

48 did not show any growth. When it comes to the control, out of three replicates two have shown growth in both positive (FOC 

only) and negative (seed only) control. 

Throughout the growing period, wilt incidence was less in the soil drenched with vegetative cells of B. subtilis. We assume that the 

bacterium and its toxins proliferated in the rhizosphere and provided protection against F. oxysporum f. sp. Kidney beans. Thus, the 

low severity and incidence of disease obtained probably was due to low frequency by the pathogen, which is not capable of attacking 

and colonizing the vascular system of plants. Further research is needed to see the full potential of both the bacteria and our research 

is going on by adding talc powder as a carrier in order to increase the shelf life of the bacteria. 
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