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ABSTRACT

Bacterial canker is one of the most common citrus diseases, causing widespread losses throughout the
citrus growing regions of the world, including India. Madhya Pradesh is one among the leading states in
India for citrus production. Therefore, to Keep track of the disease prevalence on lime, lemon, malta,
grapefruit, and other citrus fruits, a survey was conducted in eastern (Baghelkhand) and northern (Gird)
regions of Madhya Pradesh during the months of February to March 2022. Various crucial data were collected
on disease severity (percentage) and disease incidence (percentage). During the survey, disease incidence
was recorded from 0% to 40% range, and disease severity from 0% to 37%, with a maximum mean disease
incidence (36.5%) and severity (34%), respectively, in Chinor tahsil of Gwalior district and a minimum
disease incidence (18%) and severity (17.3%) in Satna district of Madhya Pradesh. Disease samples of
Xanthomonas axonopodis puv.citri were collected from various villages in the chosen district during the survey
(Turari, Bhanduli, Khohar, Ambha, and Panihar). After three days of purification, all five isolates showed
a light yellow to yellow colour, a mucoid surface, and a circular colony with a diameter of 4 to 5.5 mm. The
biochemical characteristics of bacterial isolates subjected to various biochemical tests, including the catalase
test, KOH solubility test, H,S production, and Gram reaction, were studied. All isolates were positive in
catalase, KOH solubility, and H,S production tests, but negative in Gram'’s reaction. The virulence behaviour
of the isolates, namely Xacl, Xac2, Xac3, Xac4, and Xach, was diagnosed during the pathogenicity test by
spraying the isolate suspension on the citrus plant. Symptoms appear 12-17 days after inoculation with a
different isolate. Lesions appear on the leaf’s bottom surface as small, translucent, round spots. A yellow
halo surrounded the lesions. Isolate Xac3 develops water-soaked lesions on the leaves 12 days after
inoculation. Other isolates, such as Xac4, had low virulence, with symptoms showing up afterl6days.Xacl,
Xac2, and Xach were all partially virulent isolates.
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Introduction

Citrus (Citrus spp.) belongs to the Rutaceae family
and the Aurantioedae subfamily (Swingle 1943).
This is a very important fruit crop of India, after
mangoes and bananas, lime encompasses 1.07 mil-
lion ha. area, yielding 10.49 million tonnes total and
9.77 tonnes/ha average in 2017. The leading lime

producing states in India are Andhra Pradesh,
Madhya Pradesh, Panjab, Maharastra, and Gujarat
(Horticulture website, 2013). Madhya Pradesh is the
country’s fourth largest producer of citrus fruits, ac-
counting for 10.8 percent of total production, with a
production of 0.80 MT of citrus on an area of 0.05
million hectare. Average state production is 17.7
tons/ha. Chindawara, Mandasaur, Khandwa, and
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Hoshangabad are the major citrus producing dis-
tricts (MIDH, 2013). Lime contains a lot of nutritious
and refreshing food, as well as flavour and aroma.
This is high in vitamins B1, B2, folate and C (62.mg/
100 ml), minerals like phosphorus (20 mg/100ml),
calcium (90mg /100 ml), magnesium (8 mg/100 ml),
potassium (138 mg/100 ml amino acids, sugars, and
other nutrients (Sarolia and Mukherjee, 2002). Many
agricultural pests and diseases that threaten citrus
plants are caused by fungi, viruses, and bacteria.
Bacterial inflamation is lime canker caused by
(X.axonopodispv.citri Hasse). Citrus canker is the most
damaging citrus disease in the world (Gottwald,
2002). Citrus bacterial spot is thought to have intro-
duced in India or Southeast Asia and has since dis-
persed throughout the world (Civerolo 1984;
Verniere et al., 1998). It was discovered in 1915 in
Florida (USA). Hasse (1915) was the first to isolate
organisms and prove pathogenicity. Citrus canker is
caused by a variety of pathovars and variants of the
bacterium Xanthomonas axonopodis (Graham et al.,
1990). Most Citrus cultivars are susceptible to bacte-
rial canker, therefore, to restrict further dissemina-
tion, mass elimination of infected plants began in the
southern states of the United States in 1915, and the
disease was confirmed put an end on 1947. Subse-
quent epidemics were reported in over 30 countries
in Asia, New Zealand, Africa, and South Africa; it
reappeared in the 1980s and was reported to be
United States, Africa and Australia. Afterward,
cases were reported in Mexico in 1981 and Florida in
1984, which appear to be distinct from in Asia (Goto,
1992). In 1995, a novel and widespread outbreak
was found in urban Miami, Florida (Schubert and
Miller, 1996). Fruit canker was first discovered in
India in Punjab (Luthra and Sattar, 1942). Several
research viz, Bal and Dhiman (2005) identified citrus
canker (Xanthomonus axonopodis pv. citri) in Kinnow
mandarin nursery and studied the relationship be-
tween disease development and environmental fac-
tors. The highest incidence of citrus canker (73.3%)
was recorded in the second week of September.
Talib Sahi et al. (2007) in three tehsils (Pakistan), the
incidence of citrus canker disease were7.5 percent.

Materials and Methods

Survey and collection of disease sample in
Baghelkhand and Gird region

A survey was conducted in four districts of
Madhyap Pradesh, i.e., Gwalior, Morena, Satna and
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Rewa to assess the incidence and severity of citrus
canker. The disease’s incidence and severity on fruit
and leaf were recorded. Nearly 100-150 leaves were
collected from five randomly selected plants, show-
ing typical canker symptoms.Using the standard
scale developed by Seif and Hillocks (1999), disease
incidence on leaf (Wheeler, 1969), and disease sever-
ity were calculated using the given formula.

Total number of infected plant

Disease incidence = x 100

Total number of plant observed

Number of diseased leaves
Percent disease severity = x 100

Total number of leaf observed

During the survey, the Canker-infected lime
plant fruit and leaf samples were collected from an
orchard at ITM University Gwalior and surveyed
villages (Turari, Bhanduli, Khohar, Ambha and
Panihar) then placed in plastic bags, transported to
the lab, and stored for microscopic analysis.

Isolation of the pathogen

Small bits of tissue measuring 4-5 mm were taken
from the infected leaf, fruitor stem, cut with a steril-
ized blade, surface sterilised with Sodium hypo-
chlorite 0.1 percent for 10-15 seconds, and then
cleaned in distilled water. To allow the bacteria to
ooze out of the infected portion, the cut slices were
placed in distilled water for 5 minutes. Under the
cabinet of laminar air flow, a loopful of this inocu-
lum was streaked on already poured NA
petriplates. The inoculated plates were incubated in
the BOD incubator for 24 to 48 hours in the inverted
position at 30 °C.

Identification of the pathogen

To identify the pathogen by the morphological, cul-
tural and biochemical characters.

Morphological and Cultural characters

Five 250 ml conical flasks were filled with 100 ml
nutrient broth media and sterilized for 15 minutes at
121 °C and 15 Ib pressure. After cooling at room
temperature, each isolated bacterial colony was in-
oculated in the conical flask and incubated at 28+1°C
for 24 to 48 hours. After incubation, 1 ml of each
flask’s bacterial suspension was taken and serially
diluted up to a dilution factor of 10°cfu and were
inoculated in Nutrient Agar Media (NAM) poured
petriplates. These plates were incubated for 48 to 72
hours at 28+1°C in the BOD incubator. Color, mar-
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gin, size, shape, surface, and elevation of each
colony were recorded for each isolate.

Biochemical characters

The biochemical attributes of bacterial isolates sub-
jected to various biochemical tests, such as the cata-
lase test, KOH solubility test, H,S production and
gram reaction, were investigated. To confirm and
identify all isolates as per the methodology given by
Bergey’s Manual of Determinative Bacteriology
(1923).

Pathogenicity test

The bacteria Xanthomonas axonopodis pov.citri was iso-
lated from various plant parts which were collected
from University orchard and various villages in the
selected district (Turari, Bhanduli, Khohar, Ambha
and Panihar). The isolates were then purified and
kept separately on NAM slants. Using a spray in-
oculation technique, pathogenicity of Xacl, Xac2,
Xac3, Xac4, and Xac5 isolates was tested on suscep-
tible Citrus trees (Variety).

Results and Discussion

Survey and collection of disease sample in
Baghelkhand and Gird region

The data presented (Table 1) clearly revealed that
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the maximum percent disease incidence was 36.5%
in Chinor tahsil, followed by Dabara (35%),
Mangawan (35%), Kotar (33.5%), Morena (30.5%),
Jawa(29.5%), Gwalior (28.5%), Sirmaur (24%),
Ambha (22%), Amarpatan (14%), and Nagod
(12.5%). The minimum percent disease incidence of
citrus canker of acid lime was found in Majhgawan,
i.e., 12.0%. Teonthar had a disease incidence of citrus
canker of acid lime of 0%. The Highest percent dis-
ease severity was found in Chinor tahsil (34%), fol-
lowed by Kotar (33%), Mangawan (31.5%), Dabara
(29%), and Morena (28%). The lowest percent dis-
ease severity was observed in Majhgawan (9%).
Teonthar reported 0% disease severity. However,
the maximum average percent disease incidence
and severity were found in Gwalior district (33.3
and 28.8%), followed by Morena district (26.25 &
26%) then Rewa district (22 & 18.6%). Satna district
had the lowest average percent disease incidence
and severity (18 and 17.3%, respectively).

Isolation of pathogen

Pathogens were isolated and purified on NA media
using bacterial ooze obtained from a canker-infected
lime leaf. Bacterial colonies formed after 24 to 48
hours of incubation Xanthomonas colonies appeared
yellow in color. Five isolates were obtained from leaf

Table 1. Tahsil wise incidence and severity of citrus canker on acid lime in the orchard of Gwalior, Morena, Satna and

Rewa districts.

Sr.  Districts Tahsil No. of village Disease percent
No. surveyed Incidence Severity
1. Gwalior Dabara 2 35 29
2. Gwalior 2 28.5 23.5
3. Chinor 2 36.5 34
Total 6
Mean 33.3 28.8
4. Morena Ambha 2 22 24
5. Morena 2 30.5 28
Total 4
Mean 26.25 26
6. Satna Amarpatan 2 14 16.5
7. Majhgawan 2 12 9
8. Nagod 2 12.5 11
9. Kotar 2 33.5 33
Total 8
Mean 18 17.3
10. Rewa Teonthar 2 00 00
11. Mangawan 2 35 31.5
12. Sirmaur 2 24 19
13. Jawa 2 29.5 24
Total 8
Mean 22 18.6
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samples collected in various locations and named
Xacl, Xac2, Xac3, Xac4, and Xach.

Xac 1 Xac 2

Xac4

Xach

Cultural characteristics of X. auxonopodishpv.citri

The cultural characterization of five isolate colonies
of X.campestris puv. citri were investigated using Nu-
trient Agar Media (NAM) as a basal medium. Three
isolates, Xac2, 3, and 5, were yellow, while the other
two, Xacl and 4, were yellow to light yellow in
color. The colony’s shapes and surfaces were all
mucoid and circular.

Biochemical characteristics
Catalase test

When bacteria were combined with a few droplets
of 3 percent H,O, on a glass slide, gas bubbles
formed. The catalase test was used to determine
which organisms produced the enzyme. Hydrogen
peroxide is detoxified by this enzyme, which breaks
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it down into water and oxygen gas. A catalase posi-
tive result is clearly attributed to the presence of
bubbles generated by the production of O, gas.

KOH solubility test

The Gram reaction was confirmed when all of the
test isolates reacted positively to the KOH solubility
test. The appearance of slime strings indicates the
existence of gram-negative bacteria, which have
comparatively weak cell walls surrounded by an
outer membrane. KOH instantly disrupts this, al-
lowing the viscous DNA to escape. On the other
hand, gram-positive bacteria have a thicker, more
rigid cell wall that protects them from the harmful
effects of KOH. The bacterium reacted positively to
the KOH test, according to the present investigation.

Catalase test H,S production test KOH solubility test

-
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Hydrogen sulphide (H,S) production

It was demonstrated that strains of X. campestris pv.
citri generated the gas, which then reacted with the
lead acetate strips, forming a precipitate at the
strips” apex. As a result of the reaction, lead acetate-
treated strips turned black. This reveals the exist-
ence of hydrogen sulphide (H,S).

Pathogenicity test

The virulence behaviour of the bacteria/isolates,
namely Xacl, Xac2, Xac3, Xac4, and Xac5, was diag-
nosed by spraying the isolate suspension on the cit-
rus plant, as according Koch’s postulate. In the
evening, a 10°cfu/ml cell suspension was sprayed
with a hand sprayer.Symptoms appear 12-17 days
after a different isolate is inoculated. Lesions begin

Table 2. The list of isolates of X. axonopodis pv.citri obtained from different places.

Sr.No. Name of Isolate Place of Isolate Host Affected plant part
1 Xacl Turari village C. aurantifolia Leaf
2 Xac2 Bhanduli village C. aurantifolia Leaf
3 Xac3 Khohar village C. aurantifolia Leaf
4 Xac4 Deoravillage C. aurantifolia Leaf
5 Xach Panihar village C. aurantifolia Leaf
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Table 3. Cultural characteristic of X. campestris pv.citr iisolates

Sr. Isolates Colony color Colony shape Margin Elevation  Cell shape After 72 hrs

No. colony diameter
(mm)

1. Xacl Light yellow Circular Entire Convex Rod 45

2. Xac2 Yellow Circular Entire Convex Rod 4.8

3. Xac3 Yellow Circular Entire Convex Rod 55

4. Xac4 Light yellow Circular Entire Convex Rod 4

5. Xach Yellow Circular Entire Convex Rod 5.1

as small, translucent, round spots on the leaf’s bot-
tom surface. There was a yellow halo around the le-
sions. Within 12 days after inoculation, isolate Xac3
develops water-soaked lesions on the leaves. Other
isolates, such as Xac4, had low virulence, with
symptoms appearing after 16 days of infection and
it shows disease incidence 18% and disease severity
14%. Xacl, Xac2, and Xach were partially virulent
isolates. The Isolate Xac3 defines disease incidence
40% and disease severity 37% was found to be the
most potent and virulent of the group, followed by
the other isolates.Xacl shows disease incidence was
31% and disease severity 25 %, Xac2defines disease
incidence rate 18% and severity 21%, Xac5 shows
disease incidence 26% and disease severity 22%.

Conclusion

Citrus canker was prevalent on sour limes in
Madhya Pradesh. According to the findings of the
survey, Gwalior district had the highest average
percent disease incidence and severity (33.3 and
28.8%, respectively), while Satna district had the
lowest average percent disease incidence and sever-
ity (18 and 17.3 percent, respectively). On the basis
of biochemical tests such as KOH solubility, H,S
production, and catalase tests, the associated patho-
gen was identified as X. axonopodis pv. citri. Five bac-
terial isolates were collected (Xacl, 2, 3, 4, 5). The
colors of Xac2, 3, and 5 were yellow, while the colors
of Xacl and 4 were yellow to light yellow. After in-
oculation, symptoms appear 12-17 days later.
Within 12 days after inoculation, isolate Xac3 devel-
ops water-soaked lesions on the leaves. Other iso-
lates, such as Xac4, had low virulence, with symp-
toms appearing after 16 days of infection. Xacl,
Xac2, and Xach were partially virulent isolates.
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