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Abstract 
The present investigation was designed to isolate and characterize of Xanthomonas axonopodis pv. citri 

bacteria in Citrus aurantifolia canker disease and evaluation of its antibiotic susceptibility, antibacterial 

sensitivity and antagonistic activity. Isolated bacterium was characterized by different biochemical test 

method. Isolated bacterium was found to be gram negative, small size, rod shaped, motile and pink in 

color. The biochemical tests showed catalase positive, glucose fermenting, lactose non-fermenting and 

urease test negative. The antibiotic susceptibility, antimicrobial sensitivity and antagonistic activity were 

determined by disc diffusion method. Gentamycin showed highest 21.0±0.0mm diameter of zone of 

inhibition against the isolated bacteria. Allium sativum extract showed highest 19.9±0.4mm diameter of 

zone of inhibition against the isolated bacteria. The highest antagonistic activity was found to be 

17.4±0.3mm diameter of zone of inhibition by soil borne bacteria X against the isolated bacteria. The 

present study would be helpful for biological control of canker disease.   

 

Keywords: Citrus aurantifolia, bacterial canker disease, characterization, biological control 

 

1. Introduction 
Citrus aurantifolia is an important fleshy, juicy and edible fruit plant belonging to the family 

of Rutaceae. It was thought to be originated in South East Asia and now occurs in more than 

30 countries around the world [1]. Citrus aurantifolia is rich in vitamin C, various fruit acids 

and up to 10% fruit sugar [2]. It is also a good source of different electrolytes-folate and 

potassium [3], phytochemicals [4] that are helpful to overcome the neural tube defects, anemia [3] 

and Asthma [5]. 

Canker is a disease affecting citrus species caused by the bacterium Xanthomonas axonopodis 

pv. citri. Infection causes lesions on the leaves, stems, and fruit of citrus trees, including lime, 

oranges, and grapefruits [6]. This devastating disease affects most commercial citrus cultivars, 

resulting in significant economic losses mainly due to its effect on fruits, which are no longer 

suitable for commercializing as fresh fruit in national and international markets. Moreover, 

disease severity on susceptible varieties of Citrus aurantifolia, results in defoliation, dieback, 

premature fruit drop and blemished fruit, which consequently decrease fruit production and 

market value [7,8]. There are many types of citrus canker disease caused by various pathovars 

and variants of the bacterium Xanthomonas axonopodis [8]. According to symptoms similarity, 

the separation of these bacterium forms is very difficult based on host range, cultural and 

physiological characteristics, and bacteriophage sensitivity patterns [9], serology [10], plasmid 

fingerprints [11] and by various RFLP and polymerase chain reaction (PCR) analyses [12,13]. All 

cultivars of citrus are susceptible to canker, but grapefruit, Mexican lime and lemon are highly 

susceptible, whereas sour orange and sweet orange are moderately susceptible. However, 

Mandarins are moderately resistant and all young above-ground tissues of citrus are 

susceptible to X. axonopodis [1]. Hussain et al. (2010) [14] reported that the different aspects of 

the disease have been potentially addressed and adequately researched in various parts of the 

world, thereby generating substantial information on the biology and management of the 

disease. It is demanded of the modern age to substitute the chemical control method with safe 

and environment friendly management strategies, like biological and genetic control. 
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This would lead to the alleviation of the dependence on the 

chemicals that will be eco-friendly for the environment. 

Moreover, traditional antibiotics are natural or chemically 

synthesized small molecules that can selectively kill or stop 

the growth of bacteria. Recently, a report has been published 

on antagonism which is representing one of the most widely 

distributed forms of natural defense against bacteria and fungi 
[15]. 

Therefore, the main objective of this study was to characterize 

the causal agent of Citrus aurantifolia canker disease and 

establish a suitable biological control method. 

 

2. Materials and methods 

2.1 Plant materials 

Canker disease infected plant leaves of Citrus aurantifolia 

were collected from Rajshahi University Campus, Rajshahi, 

Bangladesh and were identified by Md. Ashraful Alam, 

Scientific Officer, Bangladesh Fruits Research Institute, 

Binodpur, Rajshahi. Canker disease infected leave of Citrus 

aurantifolia was used as plant material for this present 

research.  

 

2.2 Isolation and culture of bacteria 

Canker disease infected leaves were surface-sterilized with 

10% bleach for 5 min, followed by seven rinses in sterile 

distilled water. Infected portion of the leaves were aseptically 

excised with a sterile scalpel and placed onto sterile mortar 

and crushed with pestle. The crushed tissue was placed in 

Luria-Bertani (LB) liquid medium and incubated at 37°C for 

overnight. After the bacteria have grown in LB liquid 

medium, a sterile loop was used to streak the bacteria onto a 

solid agar medium and incubated at 37°C for 16 hours to 

examine periodically for colony growth. 

 

2.3 Morphological and biochemical characterization  

The isolated white color bacteria was characterized by some 

morphological and biochemical test.  

Gram staining: Gram staining test was used to differentiate 

bacterial species into gram-positive and gram-negative, based 

on the physical properties of their cell walls. Gram staining 

was carried out according to Chaudhry and Rashid (2011) [16] 

method. Crystal violet, ethanol, iodine, and safranin were 

used. At first, the isolated bacterial culture was heat fixed 

onto a glass slide. Then crystal violet was added to the 

bacterial sample and incubated for 1 min. After washing the 

slide, iodine was added in the medium. Then safranin was 

used to counterstaining. After all these steps the slide was 

used to observe under the light microscope at 100X using oil 

immersion.  

 

SIM-medium test (Sulphide-Indole-Motility medium): 
SIM medium test was performed to test for hydrogen sulfide, 

indole, and motility of the organism. First of all in conical 

flask 50 ml distilled water and 1.5 gm ready-made media was 

taken. Then the medium, two test tube, conical flask, cotton 

were autoclaved at 121°C for 20 min. In the laminar air flow, 

25 ml media was taken in two test tubes. After cooling, a 

single bacterial colony was taken and inoculated. Finally, test 

tubes were kept for incubation at 37°C for 24 hrs. It will react 

with the sodium thiosulfate in the medium and the indicator, 

ferric ammonium citrate, to produce ferrous sulfide which 

falls out of solution as a blackish precipitate. The indole 

portion of the test was performed by adding Kovac’s reagent 

to the inoculated medium. The Kovac’s reagent reacts with 

the indole to produce a pinkish-red or reddish-purple ring 

around the top of the test tube. 

 

Simmon’s citrate test: Simmon’s citrate test was performed 

using Simmon’s citrate agar medium to detect the bacterial 

isolate for the ability to utilize citrate as its carbon and energy 

source [17]. The citrate test is often a part of the battery of tests 

used to identify gram-negative pathogens and environmental 

isolate. In the laminar air flow, medium was poured in two 

test tubes and kept in slant condition. Next, a single pure 

isolated colony was picked with a needle and the slant surface 

was lightly streaked and incubated at 37°C for 48 hrs. 

 

Catalase test: Catalase test was used to identify organisms 

that produce the enzyme catalase. A single colony was taken 

on a clean slide and hydrogen per oxide was added, smeared 

carefully. The catalase production was determined by adding 

the H2O2 (3% v/v) to a bacterial culture and the presence of 

catalase indicated by bubbles of free oxygen gas [18].  

  

MacConkey agar test: This test was used for the isolation of 

gram-negative enteric bacteria and the differentiation of 

lactose fermenting from lactose non-fermenting gram-

negative bacteria [19]. At first, appropriate amount of 

MacConkey agar kits were taken in conical flask and pH was 

adjusted to 7.0 and boiled to dissolve agar and sterilized at 15 

lbs and 121°C for 20 min. MacConkey agar was inoculated 

with bacteria using streak plate technique and was incubated 

the plate in incubator at 37°C for 24 hrs. 

 

Kligler Iron Agar (KIA) test: KIA test was used to aid in the 

differentiation of enteric gram-negative bacilli on the basis of 

carbohydrate fermentation and H2S production. For KIA test, 

55gm of the medium was suspended in 1 liter deionized 

water, mixed well and sterilized at 121°C for 20 min. The 

tubes were cooled in a slanted position to obtain a butt of 1.5 - 

2.0 cm depth. Then the medium was inoculated with the 

colony in study by stabbing the butt and streaking the surface 

of the tube. After that, the tubes were incubated at 37°C for 

24 hrs and the results were recorded. 

 

Urease test: Urease test was used to determine the ability of 

an organism to split urea through the production of the 

enzyme urease [20]. Media were autoclaved at 121°C for 20 

min. Then autoclaved medium was poured into two test tubes 

and kept in a rack in slant condition. The surface of a urea 

agar slant was streaked with a portion of a well-isolated 

colony and the tube was incubated at 37°C for 48 hrs.  

 

Kovac’s oxidase test: This test is used to determine bacteria 

that produce cytochrome c oxidase enzyme of electron 

transport chain. For Kovac’s oxidase test, a well isolated 

single colony was picked by a sterilized platinum loop. Then 

the inoculum was smeared over the center of filter paper 

containing a single drop of 1% kovac’s oxidase reagent. The 

change of color was obtained within 10 seconds (Kovac 1956) 
[21] Mubeen et al. (2015a) [27]. 

 

Triple Sugar Iron (TSI) Agar test: Triple Sugar Iron (TSI) 

Agar is a differential medium that contains lactose, sucrose, a 

small amount of glucose (dextrose), ferrous sulfate, and the 

pH indicator phenol red. It was used to differentiate enteric 

based on the ability to reduce sulfur and ferment 

carbohydrates. In a conical flask, appropriate amount of 

readymade TSI medium kits were taken in 50 ml distilled 

water. Two test tubes and the medium was autoclaved, then 
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taken in laminar air flow. Then autoclaved medium was 

poured into two test tubes and kept in a rack in slant 

condition. After cooling, a sterilized inoculating loop was 

used for the streaking of a pure bacterial colony the on surface 

of the slant and incubated at 37°C for 24 hrs.  

 

Methyl Red (MR) test: For Methyl Red (MR) test, 2-3 drops 

of MR reagent was added. Bacteria were inoculated into the 

MR broth medium in the test tubes and were incubated at 

37°C for 18 hrs. The suspension was poured 1/3 into a clean 

non sterile tube then run the MR test in the tube with 2/3 

medium. 

For biochemical test, different chemicals were collected from 

Oxido Ltd. Basingstoke, Hampshire, England. 

 

2.4 Antibiotic susceptibility assay 

Antibiotic susceptibility was determined by moderate disc 

diffusion method [22]. Commercially available fifteen different 

antibiotics namely, Amoxicillin, Erythromycin, Gentamycin, 

Chloramphenicol, Clarithromycin, Ampicillin, Tetracycline, 

Carbenicillin, Neomycin, Streptomycin, Azithromycin, 

Kanamycin, Doxycycline, Cefotaxime and Penicillin (Sigma, 

UNI-Chemical Company, China and S.R.L, India.) were used 

to determine the antibiotic susceptibility against the isolated 

bacteria. Briefly, 20ml quantities of nutrient agar were plated 

in petridish with 0.1ml of a 10-2 dilution of isolated bacterial 

culture. Antibiotics discs (6mm in diameter) were 

impregnated on isolated organism-seeded plates. The activity 

was determined after 16 hrs of incubation at 37°C. The 

diameters of zone of inhibition produced by the antibiotics 

were then measured in millimeters (mm) scale. All the tests 

were performed manually and enough care was taken for 

plating, streaking and handling of the isolated pathogen. 

 

2.5 Antibacterial activity screening 

Antimicrobial activity test was performed by moderate agar 

disc diffusion method [23]. Six different plants extracts, 

namely, Aliium cepa, Allium sativum, Adhatoda 

vasica,Terminalia arjuna, Ocimum sanctum, and Azadirachta 

indica were used against the isolated bacteria. Different parts 

of four plant species were harvested from Rajshahi university 

campus, Rajshahi, Bangladesh. Collected parts of the plants 

were cut, air-dried powdered in a grinding machine and stored 

in an airtight polybag. Powdered dried plants were extracted 

by distilled water in flat bottom conical flask, through 

occasional shaking and stirring for 10 days. The content was 

pressed through the markin cloth to get the maximum amount 

of extracts. The whole mixture was then filtered by Whatman 

No. 41(Whatman, UK) filter paper and the remaining filtrate 

were dried in vacuo to afford a blackish mass. The output 

extracts and fraction were collected in glass vials and 

preserved in a refrigerator at 4°C. Briefly, 20ml quantities of 

nutrient agar were placed in a petridish with 0.1ml of a 10-2 

dilution of isolated bacterial culture. Discs (6mm in diameter) 

were impregnated on isolated organism seeded plates. 10µl, 

20µl and 30µl/disc of each plant extracts were taken with the 

help of micropipette and incubation at 37°C for 16 hrs. The 

diameters of zone of inhibition produced by the plant extracts 

were then measured in mm scale.  

 

2.6 Antagonistic effect of soil bacteria  

Antagonistic effect of soil bacteria was performed by 

moderate disc diffusion method [24] against the isolated 

bacteria. Two soil borne bacterial strains were isolated from 

soil, near the roots of a flat bean tree. For the isolation of soil 

borne bacteria, 2gm soil was taken to an empty tube and 

dissolve in 10ml distilled water. The tube was incubated in 

the water bath for 12 min at 80°C followed by 37°C for 18 hrs 

in an incubator. Bacterial inoculums were cultured on a LB 

nutrient agar plate using an inoculating loop and incubated at 

37°C for 18 hrs. From the mixed culture of soil bacteria, two 

types of single colonies were observed and cultured 

separately. For the betterment of study, they were indicated as 

soil borne bacteria X and Y. The discs (6mm diameters) were 

made by punching the Whatman No. 41 (Whatman, UK) filter 

paper with the help of punch machine. Briefly, 20ml 

quantities of nutrient agar were placed in a petridish with 

0.1ml of a 10-2 dilution of isolated bacterial culture. Discs 

(6mm in diameter) were impregnated on isolated organism 

seeded plates. 10µl, 20µl and 30µl/disc of each soil bacterial 

culture was taken with the help of micropipette and were 

incubated at 37°C for 18 hrs. The antagonistic activities of the 

two soil bacteria against the isolated bacteria were determined 

by measuring the diameter zone of inhibition using mm scale. 

 

2.7 Statistical Analysis 

All the above experiments of the present study were 

conducted in triplicate for consistency of results and statistical 

purpose. The data were expressed as mean and standard error 

(Mean±SE) and analyzed by one way analysis of variance 

(ANOVA). P<0.05 was considered statistically significant. 

The data were calculated using Microsoft Excel 2010 

software. 

 

3. Results 

3.1 Isolation and purification of bacteria 

The infected leaf samples (Fig. 1 a) placed on LB liquid 

media showed the bacterial colonies after of incubation at 

37ºC. The turbid condition in the media indicates the bacteria 

were grown. By streaking method, single colonies were found 

and partially identified based on colony morphology. The 

colonies were creamy white in color. The size and shape of 

colonies were found to be small to medium, convex, and 

mucoid (Fig. 1b).  

 

3.2 Morphological and biochemical characteristics of 

isolated bacteria 

Gram-negative bacteria have a thinner layer (10% of cell 

envelope), and are stained pink with safranin. Here, the 

isolated bacteria found to gram negative, motile and rod 

shaped under light microscope at 100X magnification (Fig. 

1c). SIM medium was recommended for the differentiation of 

gram negative enteric bacilli on the basis of sulfide 

production, indole formation and motility. After adding the 

kovac’s reagent, bacteria did not produce red/pink color band 

on the top of the tube and H2S was not produced as no black 

precipitation was formed. In citrate test, the media inoculated 

with the strains changed from green to the royal blue color as 

the bacteria metabolized citrate while, the control medium 

had the deep forest green color. The catalase test was 

performed to identify organisms that produce the enzyme. 

This enzyme detoxifies hydrogen peroxide by breaking it 

down into water and oxygen gas. The presence of bubbles 

resulting from production of oxygen gas clearly indicates a 

catalase positive result in this study. In MacConkey agar test, 

isolated bacteria were grown on MacConkey agar medium. 

So, they were gram-negative enteric bacteria. The lactose 

fermenting capability of the strain was also detected by the 

MacConkey agar test. The isolated bacteria produce pink 

color around the colony so it was lactose fermenting. The 
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isolated bacteria yielded a yellow slant and cracks, splits, or 

bubbles in the medium indicate gas production. In Urease test, 

isolated bacteria did not hydrolyze urea. In Kovac’s test, 

medium containing filter paper and oxidizing agent reagent 

did not produce any color. The isolated bacteria were grown 

well on TSI agar medium and were considered as gram-

negative enteric bacteria. In carbohydrates test, isolated 

bacteria did not produce hydrogen sulfide but they were 

lactose, glucose or sucrose fermenting. In the MR test, the test 

bacteria were grown in a broth medium containing glucose 

and the color of methyl red changed from yellow to red. 

Bacteria showed positive results against Methyl Red test. The 

results of the morphological and biochemical test are 

represented in Table 1.  

 
Table 1: Responses of the isolated bacteria in different biochemical test media 

 

Name of the Test Reaction Appearance Remarks 

Gram staining -ve Small, rod shaped, pink in color Gram staining showed gram negative bacteria 

Sulphide –Indole- 

Motility(SIM) 
+ve, (-ve) 

Motile, no H2S and Indole 

production 

Bacteria showed motility but no indole and H2S 

production 

Simmon’s citrate agar +ve 
Color changed from green to the 

royal blue 
Citrate metabolizing gram negative bacteria 

Catalase +ve Presence of bubbles Bacteria formed bubbles from production of O2 gas 

MacConkey agar +ve No pink color around the colony Bacteria showed no pink color, lactose non-fermenting 

Kligler Iron Agar(KIA) +ve Yields yellow slants 
Bacteria yields yellow slants confirming lactose 

fermenting 

Urease -ve Slant remains yellow Bacteria did not hydrolyze urea 

Kovac’s oxidase -ve No color formation Bacteria did not produce any characteristic color 

Triple Sugar Iron(TSI) +ve Color changed from red to yellow 
Bacteria didn’t produce H2S and confirming lactose 

fermenting 

Methyl Red +ve 
Color changed from yellow to Red 

ring 
Bacteria had the ability to utilize glucose 

 

 
 

Fig. 1: Showing the plant sample, causal organisms isolation and gram staining (a) Bacterial Canker disease of Citrus, (b) Bacterial colonies 

(creamy) of isolated Xanthomonas axonopodis pv. citri, (c) Gram negative bacteria 
 

3.3 Antibiotic susceptibility assay 
The antibiotic susceptibility assay was examined using fifteen 

standard antibiotics against isolated bacteria. The standard 

Gentamycin revealed highest antibiotic activity with 

21.0±0.0mm diameter of zone of inhibition at 10µg/disc 

concentration followed by Chloramphenicol and Tetracycline 

with 20.6±0.2mm diameter of zone of inhibition at 30µg/disc 

concentration. On the left hands, the standard Ampicillin 

showed lowest activity with 6.0±0.0mm diameter of zone of 

inhibition at 10µg/disc concentration against isolated bacteria 

(Fig. 2 a-c). The results of antibiotic sensitivity tests are 

represented in Table 2. 

 
Table 2: Effect of some standard antibiotics against the isolated bacteria 

 

Name of Antibiotics Disc potency (µg/disc) Diameter of zone of inhibition (in mm), (Mean±SE) ANOVA 

Amoxicillin 10 9.4 ±0.23 P<0.05 

Erythromycin 10 14.0 ±0.0 P<0.05 

Gentamycin 10 21.0 ±0.0 P<0.05 

Chloramphenicol 30 20.6 ±0.2 P<0.05 

Clarithromycin 15 16.0 ±0.0 P<0.05 

Ampicillin 10 06.0 ±0.0 P<0.05 

Tetracycline 30 20.6 ±0.2 P<0.05 

Carbenicillin 100 14.7 ±1.0 P<0.05 

Neomycin 30 20.3 ±0.4 P<0.05 

Streptomycin 10 19.0 ±0.0 P<0.05 

Azithromycin 15 15.9 ±0.8 P<0.05 

Kanamycin 30 15.0 ±0.0 P<0.05 

Doxycycline 30 14.9 ±1.2 P<0.05 

Cefotaxime 30 12.6 ±0.6 P<0.05 

Penicillin 10 07.0 ±0.0 P<0.05 

Legend: Mean±SE=mean and standard error, ANOVA=analysis of variance, Resistant (R) =<10 mm; Intermediate (I) =11-15 mm; 

Susceptible (S) =>15 mm 
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Fig. 2: Showing the antibiotic activities against Xanthomonas axonopodis pv. citri (a) Gentamycin (b)Neomycin (c) Ampicillin 

 

3.4 Antibacterial activity screening 

Antibacterial activities of six different plant extracts were 

determined against the isolated bacteria. The extract of Allium 

sativum showed highest antibacterial activity with 

19.9±0.4mm diameter of zone of inhibition at 30µl/disc 

concentrations followed by 17.6±0.5mm diameter of zone of 

inhibition at 20µl/disc concentration of the same plant extract. 

On the left hand, the extract of Adhatoda vasica showed no 

inhibition zone against the isolated bacteria (Fig. 3 a, b). The 

results are given in Table 3. 

 
Table 3: Antimicrobial activity screening of some plant extracts against the isolated bacteria 

 

Name of plant extract 
Dose of plant extract (in µl) and zone of inhibition (in mm), (Mean±SE) 

ANOVA 
10µl/disc 20µl/disc 30µl/disc 

Allium cepa 7.9±0.5 8.0±0.0 9.0±0.0 P<0.05 

Allium sativum 10.0±0.0 17.6±0.5 19.9±0.4 P<0.05 

Adhatoda vasica 0.0±0.0 0.0±0.0 0.0±0.0 P<0.05 

Terminalia arjuna 9.3±0.3 11.6±0.3 12.5±0.4 P<0.05 

Ocimum sanctum 0.0±0.0 0.0±0.0 7.0±0.0 P<0.05 

Azadirachta indica 0.0±0.0 7.0±0.0 7.0±0.0 P<0.05 

Legend: Mean±SE=mean and standard error, ANOVA=analysis of variance, Resistant(R) =<10 mm; Intermediate (I) =11-15 mm; 

Susceptible(S) =>15 mm 
 

3.5 Antagonistic effect of soil bacteria 

In the present investigation, two soil bacteria were used to 

determine the antagonistic effect against the isolated bacteria. 

The soil borne bacteria X showed the highest antagonistic 

activity with 17.4±0.3mm diameter of zone of inhibition at 

30µl/disc concentrations followed by 11.5±0.2mm diameter 

of zone of inhibition by the same bacteria at 20µl/disc 

concentration against the isolated bacteria (Fig. 3c). On the 

other hand, the soil borne bacteria Y showed no zone of 

inhibition at 10µl/disc concentration against the isolated 

bacteria of canker disease. The results are represented in 

Table 4. 

 
Table 4: Antagonistic effect of soil bacteria against the isolated bacteria 

 

Name of soil bacteria 
Dose of soil bacteria (in µl) and zone of inhibition (in mm), (Mean±SE) 

ANOVA 
10µl/disc 20µl/disc 30µl/disc 

Soil borne bacteria X 7.0±0.0 11.5±0.2 17.4±0.3 P<0.05 

Soil borne bacteria Y 0.0±0.0 7.5±0.2 9.5±0.5 P<0.05 

Legend: Mean±SE=mean and standard error, ANOVA=analysis of variance 
 

 
 

Fig. 3: Showing the antimicrobial and antagonistic activities against Xanthomonas axonopodis pv. citri (a) Inhibition zone of Allium sativum 

extract (b) Inhibition zone of Terminalia arjuna extract (c) Inhibition zone of Soil borne bacteria X 
 

4. Discussion 

Citrus canker is an economically important disease that is 

found all over the world. The in efficiency of currently 

applied methods to control the citrus canker disease along 

with the need to develop sustainable methods of disease 

management has started the hunt for a suitable alternative. 

The biological control of plant diseases with bacterial 

antagonism is a potential alternative of chemical control. The 

present study was carried out to evaluate proper biological 

control of Citrus aurantifolia canker disease by the different 

antagonistic agent. In gram staining, the isolated bacteria 

showed gram negative as well assmall size, rod shaped and 
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pink color. Bacteria isolated from Citrus aurantifolia by 

Abubaker et al. (2016) [25] also showed similar results by 

different biochemical test. Arshiya et al. (2014) [26] also found 

that the different strains of Xanthomonas axonopodis pv. citri 

bacteria isolated from citrus canker were gram-negative, 

obligate aerobes and non-spore forming rod yellow giving 

convex round and mucoid colonies on YDC (Yeast, Dextrose, 

Calcium carbonate) agar medium. Our results confirmed the 

work of Mubeen et al. (2015a) [27] who used gram reaction 

tests to identify and differentiate different pathotypes of citrus 

canker causing bacteria. In biochemical test, the isolated 

bacteria showed positive results to Simmon’s citrate, 

Catalase, MacConkey agar, Kligler Iron Agar test, Triple 

Sugar Iron Agar, Methyl Red test and negative results to 

Urease and Kovac’s oxidase test. Arshiya et al. (2014) [26] 

found that the different strains of Xanthomonas axonopodis 

pv. citri bacteria isolated from citrus canker were positive for 

starch hydrolysis, gelatin liquefaction, aesculin hydrolysis and 

tween 80 lipolysis, H2S production, urease production, while 

all strains showed oxidase test negative. Our results 

confirmed the work of Mubeen et al. (2015a) [27], Islam et al. 

(2014) [29] and Hussain et al. (2010) [14] who used several 

biochemical tests to identify and characterize different strains 

of citrus canker causing bacteria. In antibiotic assay, 

Gentamycin showed highest 21.0±0.0mm diameter of zone of 

inhibition and Ampicillin showed lowest 6.0±0.0mm diameter 

of zone of inhibition against Xanthomonas axonopodis pv. 

citri. Mubeen et al. (2015b) [28] reported 1.4cm, 1.6cm, 1.8cm 

and 2.2cm inhibition zones by Sinobionic, Benzylpenicillin 

sodium, Streptomycin sulphate and Kanamycin sulphate 

respectively, while Ampicillin sodium and Chloramphenicol 

sodium did not show any inhibition zone against the 

Xanthomonas axonopodis bacteria. These results support our 

present findings. Different types of antibiotics, such as 

Tetracycline and Penicillin, were injected into infected citrus 

trees to temporarily relieve HLB symptoms and decrease Las 

bacterial titers [30]. Islam et al.(2014) [29] found the similar 

results for different commercial antibiotics against 

Xanthomonas axonopodis bacteria isolated from citrus canker 

which appreciate our research findings. In the antibacterial 

activity assay, Allium sativum extract showed highest 

antibacterial activity with 19.9±0.4mm diameter of zone of 

inhibition while Adhatoda vasica extract showed no inhibition 

zone against the isolated bacteria. Our result is quite similar to 

Praba and Kumaresan (2014) [31] and they worked on Allium 

sativum extract against different bacterial species at 50% 

concentration and they found significant results. Hussain et 

al.(2010) [14] reported that guava leaf, belericmyrobalan fruit, 

pomegranate fruit peel, nut gall fruit and myrobalan wood 

fruit had a pronounced effect on the inhibition of citrus canker 

bacteria, on culture media. Das and Singh (2000) [32] reported 

that neem cake suspension was found very effective in 

controlling the Xanthomonas axonopodis bacteria in citrus 

canker disease. Ahmad and Beg (2001) [33] reported similar 

results for antimicrobial of different plant extract against 

Xanthomonas axonopodis bacteria isolated from citrus canker 

which support our findings. In antagonistic test, the soil borne 

bacteria X showed the highest 17.4±0.3mm diameter of zone 

of inhibition against Xanthomonas axonopodis pv. citri. Some 

strains of bacteria viz., Pseudomonas syringae, Erwinia 

herbicola, Bacillus subtilis and Pseudomonas fluorescence 

isolated from citrus phylloplane were reported to be 

antagonistic in vitro to the canker pathogen [34]. Moore et al. 

(2013) [35] reported the similar results for newly isolated soil 

borne Bacillus strains against Salmonella, Shigella and 

Staphylococcus strains of food bacteria. Similar result was 

obtained by Huang et al. (2012) [36] in citrus bacterial canker. 

Interactions between Xanthomonas citri and antagonistic 

bacteria including Bacillus subtilis have been reported by 

Pabitra et al. (1996) [37] in vitro and in vivo of citrus plant. 

 

5. Conclusion 

Canker is one of the most economically devastating bacterial 

disease of Citrus aurantifolia plant caused by Xanthomonas 

axonopodis pv. citri. In the present research work, we 

performed isolation, biochemical characterization and 

biological control measurement against the isolated bacteria. 

We found significant result in both antibiotic and antibacterial 

sensitivity test as well as in antagonistic test against the 

isolated soil bacteria. Therefore, the isolation, identification 

and characterization of pathogen responsible for canker 

disease were detected. Finally, the evaluation of its 

antibacterial and antagonistic potentiality could useful for bio-

control agent in lieu of synthetic antibiotics. It would be 

helpful for future detection and control of this depletive 

disease. 
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