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ABSTRACT

Xathomonas axonopdis pv. betlicola could grow and survive as leaf surface epiphyte on betelvine.

Population of this bacterium on leaf surface depended on prevailing weather condition. This bacterium

was detected from leaf rot lesion caused by Phytophthora nicotianae and stem lesions caused by

Colletotrichum capsici and Phoma piperis-betle. But there was significant (41.34%) increase in area of

spots in case of combine inoculation of C. capsici and X. a. pv. betlicola. Increase in area of spots was

less (13.53%) when betelvine leaves were inoculated with P. piperis-betle and X. a. pv. betlicola over

area of the spot in leaves inoculated only with the fungus. No significant difference in lesion size was

noticed when the leaves were inoculated with P. nicotianae plus X. a. pv. betlicola.
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INTRODUCTION

Betelvine (Piper betle L.) is an important cash crop in West Bengal. Betelvine is cultivated under
artificially erected structures known as ‘Boroj’. The moist and shaded conditions prevailing inside the
Boroj favour vine growth and are also congenial for development of many fungal (Maiti and Sen, 1979)
and bacterial diseases. (Bhattacharya et al., 2012) Incidence of bacterial leaf spot and stem rot caused by
Xanthomonas axonopodis pv. betlicola (Patel et al.) Vauterin et al. is common in all the cultivated
varieties (Bhattacharya and Khatua, 2004; Bhattacharya et al., 2005). This bacterial disease causes
extensive damage of betelvine in West Bengal (Bhattacharya et al., 2012). On the leaf, small to large,
circular to irregular and/or angular brown coloured spots and marginal leaf blight symptoms are
produced. All types of spots are surrounded by yellow halo or the halo is present in between brown and
green tissue. At the under side of the leaf, the brown lesion is encircled by a water soaked zone. Water
soaked zone is found in between brown lesion and green tissue in marginal blight. Prominent brown
lesion 1-5 cm in length is found at inter-nodal area at any height of vine, excepting top few internodes. In
moist condition surface of the affected area becomes sticky. As betelvine is a perennial crop and is
affected by number of fungal pathogens, possibility of epiphytic survival of X. a. pv. betlicola and its
association with other fungal pathogen are exploited in the present study.

MATERIALS AND METHODS

Presence of X. a. pv. betlicola on healthy leaf  surface was detected  using a semi selective medium
(Potato sucrose peptone agar + carbendazim + copper oxychloride + metalaxyl + penicillin)  in boroj
having bacterial leaf spot infestation. Healthy leaves are collected at 8-9 am just above or below the
bacterial leaf spot infected leaves and kept separately in polypropylene packets, brought to laboratory for
experimental purpose. Each leaf was cut into small pieces (0.25 cm2) and put in conical flask containing
50ml sterile water. After five minutes shaking, the water was directly used for plating. One ml water from
the flask was taken in a sterile petriplate and 15ml of melted sterilized medium was added to this,
followed by rotary shaking. After solidification of medium, the plates were incubated at 28±1C. Three
days after incubation bacterial colony was counted. Besides X. a. pv. betlicola, a few fungal and white
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colony forming gram negative bacterial colony came up. Counting of yellow colony of X. a. pv. betlicola
was not difficult.

Leaves affected by Leaf rot disease (caused by Phytophthora nicotianae, Tripathi et al., 2003) were
collected from plantation infested with bacterial leaf spot. Following standard bacteriological method
(Bhattacharya et al., 2012), X. a. pv. betlicola was isolated from leaf rot affected tissue, in Potato sucrose
peptone agar medium. Similarly, X. a. pv. betlicola was also isolated from the stem lesion caused by
Colletotrichum capsici and Phoma piperis-betle. In the first case infection by Colletotrichum sp. was
confirmed observing presence of acervuli in the disease tissue and in second case presence of pycnidium
confirmed the infection  of Phoma sp.

Study of interaction of P. nicotianae and X. a. pv. betlicola on lesion development was conducted in the
laboratory condition. Healthy betelvine leaves (Bangla Pan) were collected from boroj. Then on the
lower surface of 40 leaves, a small (1 mm) injury was made in the vein with a needle. A mycelium disc,
(0.5 cm diameter from petriplate culture) of P. nicotianae was placed on the injured area. Then the
inoculated area was covered with thin layer of moist cotton and the leaf was kept in a polythene packet.
At this time, moist non-absorbent cotton was placed inside the packet. After 24 hours, the wounded zone
was painted with bacterial culture using a brush and then the leaves were kept in the previous form. Other
twenty leaves were kept as such. Diameter of the individual lesion was measured after 5 days.

RESULTS AND DISCUSSION

Presence of Xanthomonas axonopodis pv. betlicola as leaf surface microflora

Most cases yellow bacteria grew in the medium in petriplates (Table 1). Number of yellow colonies
varied from 0.14 – 5.4 per plate indicating presence of 7 to 270 bacterial cells on each leaf. Pathogenicity
of the yellow colony forming bacterium was confirmed through procedure described by Bhattacharya et
al. (2012). All the yellow colony forming bacteria were pathogenic producing leaf spot symptom. Finding
of this study indicated that X. a. pv. betlicola can grow and survive as leaf surface epiphyte on betelvine.
Population of this bacterium depends on prevailing weather condition.

Epiphytic populations of Xanthomonas axonopodis pv. citri were found on symptom less grapefruit and
mandarin fruits. The occurrence of epiphytic populations was not related to subsequent appearance of
symptoms on branches or leaves directly below contaminated fruits (Al-Saleh and Ibrahim, 2010).
Epiphytic survival of X. a. pv. allii in onion leaf (Gent et al., 2005), X. a. pv. phaseoli on Phaseolus
vulgaris (Gent et al., 2005; Karavina et al., 2011) and X. campestris pv. mangiferae-indicae on mango
bud (Pruvost et al., 1993) have been reported earlier. But presence of X. a. pv. betlicola on healthy leaf
surface is not reported earlier.

Association of Xanthomonas axonopodis pv. betlicola in the lesion caused by other pathogens
Out of nine samples affected by leaf rot disease (caused by Phytophthora nicotianae, Tripathi et al.,
2003), in three cases bacteria did not grow in medium (Table 2). From six samples, yellow colony
forming bacterium, X. a. pv. betlicola was detected in good number. Positive result was obtained in
pathogenicity test with the isolated yellow colony forming bacterium. Out of eight stem lesions caused by
Colletotrichum capsici collected from different plantations X. a. pv. betlicola was detected from four
lesions. Similarly this yellow colony forming bacterium was detected from six stem samples infected with
Phoma piperis-betle out of eight samples.
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Table 1. Presence of X. axonopodis. pv. betlicola on healthy betelvine leaf surface

Place of
collection

Date of
collection

Position of the
leaf

Prevailing
environmental

condition

Number
of yellow

colony
(per ml)

Number
of yellow

colony
per leaf

Other
colonies

formed in
plates
Study

Mondouri,
Nadia

3rd July,
2006

Immediately
below the

infected leaf*

Rain on 2nd &
3rd July

2.4 120.0 One type of
bacterial  &
two types
of fungal
colonies

Kalyani,
Nadia

11th July,
2006

Immediately
below the

infected leaf

Dry spell 0.14 7.0 Two types
of fungal
colonies

Kalyani
Nadia

25th July,
2006

Immediately
above the

infected leaf

Dry spell for last
3 days

1.4 70.0 One type of
bacterial  &
two types
of fungal
colonies

Immediately
below the

infected leaf

-do- 5.4 270.0 One type of
bacterial  &
two types
of fungal
colonies

Kalyani,
Nadia

12th August,
2006

Immediately
above the

infected leaf

After a heavy
shower 0 0

One white
fluffy

mycelium
forming

fungus, one
gram +ve
bacteria

Immediately
below the

infected leaf

0.14 7.0 -do-

Khejuri,
Purba

Medinipur

10th
September

2006

Immediately
above  &
below the

infected leaf

No rain Nil Nil Nil

*Leaf infected with X. a. pv. betlicola showing leaf spot symptom

On artificial inoculation, Leaf rot symptom developed without yellow halo. There was no significant
difference in lesion size when the leaves were inoculated with P. nicotianae only and leaves inoculated
with P. nicotianae plus X. a. pv. betlicola.

There was marginal increase in diameter of spots (13.53%) when leaves were inoculated with Phoma
piperis-betle and X. a. pv. betlicola over spot size in leaves inoculated only with the fungus. Prominent
yellow halo developed around the brown colour lesion when leaves were inoculated with P. piperis-betle
plus X. a. pv. betlicola.   But the halo was not prominent when the leaves were inoculated only with the
fungus, P. piperis betle (Maiti et al.,1978).
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Table  2. Bacteria isolated from Leaf rot affected disease tissue of betel vine

Effect of interaction of Phoma piperis-betle and Colletotrichum capsici with Xanthomonas axonopodis
pv. betlicola on the extent of lesion development

It is commonly known that when two pathogens are involved in invading the host, the disease is more
pronounced. In betelvine, leaf spot symptoms may sometimes be produced by fungal-bacterial complex
(Bhattacharya et al., 2012). Such an occurrence where both Colletotrichum and Xanthomonas form a
disease complex has been reported by Bhale et al.(1987). Presence of yellow colony forming bacterium
(X. a. pv. betlicola) was recorded in the stem and leaf lesion caused by P. piperis-betle and stem lesion
caused C. capsici (Bhattacharya et al., 2012). The present experiment was conducted to note whether
simultaneous infection of P. piperis-betle and X. a. pv. betlicola, and C. capsici and X. a. pv. betlicola
had any effect on the lesion development. At first spore suspension (5  109 conidia /ml) of P. piperis-
betle and C. capsici was prepared. The bacterial suspension was

After that, the mixed suspension of fungal spore and bacteria was injected to the healthy betelvine leaf.
On the other hand, some healthy betelvine leaves were inoculated with the fungal spore suspension. All
the inoculated leaves were kept in humid condition after inoculation. Diameter of the individual lesion
was measured 5days after inoculation and the result presented in Table 4.

Average area of  spots increased upto 13.53% when leaves were inoculated with P. piperis-betle and X. a.
pv. betlicola over spot size in leaves inoculated only with the fungus. But there was 41.34% increase in
area of spots in case of combine inoculation of C. capsici and X. a. pv. betlicola. Prominent yellow halo
developed around the brown colour lesion when leaves were inoculated with P. piperis-betle plus X. a.
pv. betlicola.  But the halo was not prominent when the leaves were inoculated only with the fungus, P.
piperis betle.

Place of collection Period of collection Growth of yellow
colony

Pathogenicity

Simurali, Nadia July 11, 2006 A good number +

Kalyani, Nadia July25, 2006
Sample I
Sample II
Sample III
Sample IV

Nil
Nil

Profuse
Many colonies

+
+

Kalyani,Nadia August 12,2006
Sample I
Sample II

Profuse
Nil

+

Purba Medinipur September12,2006 Profuse +

Purba Medinipur September12,2006 A few colonies +
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Table 3. Effect of interaction of P.nicotianae and X. a. pv. betlicola on the extent of betelvine leaf
area damage

prepared by adding distilled water in the culture tube of yellow colony forming bacteria, X. a. pv.
betlicola. The fungal spore suspension and the bacterial suspension were mixed in the ratio of 1: 1. In a
separate set, spore suspension was diluted with water (1:1).
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Table 4. Effect of interaction of P. piperis-betle and C. capsici with X. a. betlicola on the extent lesion

development on betelvine leaf.

Leaf inoculated with
P. piperis-betle

only
P. piperis-betle and X.

a. pv. betlicola
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betlicola
Diameter

of the
spot (cm)

Area of
the
spot

(cm2)

Diameter
of the spot

(cm)

Area of
the spot
(cm2)

Diameter
of the spot

(cm)

Area of
the
spot

(cm2)

Diameter
of the spot

(cm)

Area of
the spot
(cm2)
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