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Abstract 

Citrus canker disease of acid lime caused by Xanthomonas axonopodis pv. citri is an important disease in 

many parts of MH region. In vitro experiment were conducted to study efficacy of fungicides botanicals 

bioagents against Xanthomonas axonopodis pv. citri. The growth characteristics of all the isolates were 

studied on nutrient agar medium. All seven isolates were found Gram –ve, short rod and positive for 

biochemical tests viz. KOH, catalase test, starch hydrolysis, Indole production, acid and gas production 

and gelatein liquefacation. The efficacy of bioagents, botanicals and chemicals was studied by paper disc 

method. The Copper oxychloride (0.2%) + streptomycin sulphate (200 ppm) was found significantly 

effective in inhibiting growth of bacteria. 
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Introduction 

Citrus is an important value as fruit crop. Present day citrus is delectable, juicy, and seedless is 

of great nutritional significance as well (Khan et al., 1992) [1, 5]. Additionally, it possesses 

enormous therapeutic qualities (Chaudhry et al., 1992) [1]. Citrus is a member of Rutaceae 

family and grown in varying densities in countries with tropical or subtropical climates.  

Citrus plant is attacked by a number of diseases like citrus canker, gummosis, citrus decline, 

citrus tristeza virus, greening, etc. Citrus canker is caused by “Xanthomonas campestris pv. 

citri” that is probably the worst enemy to citrus plants (Sahi et al., 2007). Citrus canker 

disease is of regular occurrence on several citrus cultivars in varying degrees of incidence 

depending on the climatic conditions. The bacterium, Xanthomonas causes different symptoms 

ranging from pustules to necrotic lesions consisting of erumpent corky tissue surrounded by 

water soaked tissues and yellow halo on leaves, stems and fruits (Zekri et al., 2005; Graham et 

al., 2004; Das, 2003) [7, 2]. Xanthomonas axonopodis pv. citri is a rod shaped, gram negative 

bacterium with single polar flagellum. 
 

Material and Methods 

Collection, isolation and maintenance of bacterial strains. 

The citrus canker diseased sample were collected from different district of Maharashtra state 

viz. Akola, Warora, Nagpur, Parbhani, Sangli, Rahuri, Pune (Table 1). A total of seven isolates 

of pathogen were obtained from infected leaves, twigs of acid lime showing typical symptoms 

of citrus canker. These isolates were isolated by tissue isolation method. A bacterial 

suspension of each specimen was then cultured on NA medium. Following incubation, 

colonies similar to Xanthomonas were maintained on NA medium at room temperature by 

adopting subsequent subculturing at periodical, regular intervals. Three days old cultures were 

used for further studies. 
 

Table 1: List of isolates of Xanthomonas axonopodis pv. citri 
 

Sr. No Location District Code no. 

1 AICRP on fruits Dr. P.D.K.V. Akola Akola Xac1 

2 Warora Chandrapur Xac2 

3 Nagpur Nagpur Xac3 

4 Parbhani Parbhani Xac4 

5 Sangli Sangli Xac5 

6 M.P.K.V.Rahuri Ahmednagar Xac6 

7 C.O.A.Pune 05 Pune Xac7 
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Morphological studies  
The confirmations of the Xanthomonas axonopodis pv.citri 

isolates were performed with the following studies.Pure 

culture of selected isolates were streaked on Nutrient agar 

medium separately for colony development. The individual 

colonies were examined for colony colour and shape 

 

Biochemical test 

All the isolates of Xanthomonas axonopodis pv. citri. were 

compared on the basis of their biochemical tests viz., starch 

hydrolysis, Gelatin liquefaction, Indol Production, KOH test, 

Gram’s reaction, Acid and gas production, catalase test. 

 

In vitro efficacy of different Botanicals, Bioagents, 

Chemicals against Xanthomonas axonopodis pv.citri by 

Paper disc method  

Sensitivity of the Akola isolates (Xac1) was tested by 

modified paper disc inhibition assey method.Derived 

concentration of the botanicals, bioagents & chemicals were 

freshly prepared in sterile distilled water. Similarly the neem 

extract solution at diifferent concentration i.e 1%, 2.5%, 5% 

and bioagents solution i.e Pseudomonas fluorescence 

(1x108cell) and Bacillus subtilis (1x108cell) culture prepared. 

The filter paper disc (Whatman No. 42) measuring 5 mm in 

diameter were soaked in the respective solution for 5 minutes 

and transferred onto the surface of the seeded medium in 

petriplates. The plates were incubated at 25-27 0C for 72 

hours and observed for the production of inhibition zone 

around the filter paper discs. The results obtained were 

analysed statistically. paper disc soaked in sterile distilled 

water served as control.  

 

Results and Discussion. 

Morphology and Biochemical Characteristic of 

Xanthomonas axonopodis pv. citri 

All the isolates were studied with respect to their colony 

colour, shape and Grams staining reaction. The results are 

presented in Table 4 revealed that bacterial cells appeared 

short rod and Gram negative. Isolates Xac1, Xac2, Xac3 

produced yellow colonies however Xac4, Xac5, Xac 6, Xac7 

showed pale yellow colour colonies on NA medium. The 

biochemical tests for their identification, some of the tests 

were performed for comparing the characteristics depicted in 

Burgey’s manual of Systematic Bacteriology. Seven isolates 

with respect of KOH, catalase, starch hydrolysis, Indole 

production, acid and gas production, Gelatein liquefacation 

were studied. The results are presented in table 2. 

 
Table 2: Morphological and Biochemical characteristic Xanthomonas axonopodis pv. citri isolates 

 

Sr. No. Isolates Xac1 Xac2 Xac3 Xac4 Xac5 Xac6 Xac7 

1 Shape Rod Rod Rod Rod Rod Rod Rod 

2 Colony colour yellow yellow yellow Pale yellow Pale yellow Pale yellow pale yellow 

3 Gram reaction -ve -ve -ve -ve ve -ve -ve 

4 Starch hydrolysis +++ +++ +++ + + + + 

5 Catalase +++ +++ +++ +++ +++ +++ +++ 

6 Indole production +++ +++ +++ +++ +++ +++ +++ 

7 KOH +++ ++ +++ +++ ++ ++ ++ 

8 Gelatein liquefication +++ +++ + ++ ++ + ++ 

9 Acid and gas production ++ ++ ++ ++ ++ ++ ++ 

- negative varying degree of reaction 

+ positive  

: + poor 

: ++ moderate 

: +++ strong 

 

Manjula (2002) [6] reported that, seven isolates of the 

pomegranate bacterium were small rods, appeared singly, 

Gram negative. Gottwald et al. (2002) [4] who reported 

Xanthomonas axonopodis is a rod shaped, Gram negative 

bacterium. Das (2003) [2] reported that the bacteria is rod 

shaped measuring 1.5-2.0 x 0.5-0.75µm, Gram 

negative.Biochemical tests viz., KOH, catalase, starch 

hydrolysis, gelatein liquefaction, acid and gas production, 

Indole production confirms the bacterial pathogen 

Xanthomonas axonopodis pv.citri. The cultured showed 

variation among the isolates of Xanthomonas axonopodis 

pv.citri. Similar variation among the isolates has been earlier 

noted by Raut (1990) [8] studied 15 isolates of Xanthomonas 

axonopodis pv. mangiferae indicae for different physiological 

and biochemical properties viz. H2S production, action on 

carbohydrates, gelatin test, KOH test etc. Das (2003) [2] 

reported that the bacterial cells of Xanthomonas citri are 

positive for hydrolysis of starch, liquefaction of gelatin, 

catalase. Das (2005) [3, 7] studied different isolates of 

Xanthomonas axonopodis pv. citri for different physiological 

and biochemical properties viz. H2S production, gelatin 

liquefaction, KOH test etc solubility test, catalase test, acid 

production from D-xylose, glucose 

 

Efficacy of different chemicals, botanicals and bioagents 

against Xanthomonas axonopodis pv. citri by Paper disc 

method: 

In order to asses the efficacy of chemicals, botanicals and 

bioagents against Akola isolates of Xanthomonas axonopodis 

pv. citri (Xac1) an experiment was conducted and the 

evaluation was made by paper disc method. The data 

presented in Table 3, revealed the significant differences 

among the different treatment. 
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Table 3: Efficacy of different chemicals, botanicals and bioagents against Xanthomonas axonopodis pv. citri by paper disc method 
 

Sr. no. Treatment Conc. Zone of inhibition (mm) 

T1 Streptomycin sulphate 100 ppm 14.10*(22.02) 

T2 Streptomycin sulphate 200 ppm 15.06*(22.83) 

T3 Copper oxychloride 0.2% 14.33*(22.04) 

T4 Copper oxychloride 0.3% 15.06*(22.83) 

T5 COC + Streptomycin sulphate 0.2%+100 ppm 30.00*(33.21) 

T6 COC + Streptomycin sulphate 0.2%+200 ppm 34.66*(36.05) 

T7 Kasugamycin 100 ppm 13.33*(21.39) 

T8 Kasugamycin 200 ppm 12.66*(20.84) 

T9 Agrimycin 100 ppm 9.33*(17.76) 

T10 Agrimycin 200 ppm 13.66*(21.67) 

T11 COC + Agrimycin 0.2%+100 ppm 11.66*(19.94) 

T12 COC + Agrimycin 0.2%+200 ppm 10.66*(19.05) 

T13 COC+ Kasugamycin 0.2%+100 ppm 10.23*(18.63) 

T14 COC+Kasugamycin 0.2%+200 ppm 10.36*(18.76) 

T15 Neem extract 1% 9.86*(18.30) 

T16 Neem extract 2.5% 10.73*(19.11) 

T17 Neem extract 5% 13.13*(21.24) 

T18 Pseudomonas fluorescens 1x108 cfu /ml 10.33*(18.73) 

T19 Bacillus subtilis 1x108 cfu /ml 10.13*(18.56) 

T20 Control  00.00* (0.368) 

 ‘F’ test  Sig. 

 SE (m) +  0.008 

 CD (P) = 0.01  0.023 

 

The treatment number T6 i.e. combination of copper 

oxychloride (0.2%) + streptomycin sulphate (200 ppm) were 

significantly superior in inhibiting the growth of bacteria 

(34.66mm). which in at par with T5 i.e. COC (0.2%) + 

streptomycin sulphate (100 ppm) 30.00mm. Among the 

bioagents Pseudomonas fluorescence showed maximum zone 

of inhibition (10.33mm) followed by Bacillus subtilis 

(10.13mm).In botanical neem extract (5%) showed 

(13.13mm) zone of inhibition followed by neem extract 2.5% 

(10.73mm) and 1%(9.86mm). Sharma et al. (1981), who 

reported that, the combination of streptocycline and copper 

oxychloride was most effective in inhibiting the growth of 

Xanthomonas vesicatoria as assessed in vitro by paper disc 

method. Das (2005) [3, 7] reported that COC (0.3%) + 

streptomycin (100 ppm) inhibiting the maximum growth of 

Xanthomonas axonopodis pv. citri. 
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