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CHEMICAL CONTROL OF BACTERIAL SOFT ROT OF ONION CAUSED
BY BURKHOLDERIA CEPACIA

M.M.Rahman’, A. A. Khan!, A. M. Akanda?, I. H. Mian! and M. Z. Alam?

'Department of Plant Pathology, “Department of Entomol ogy, Bangabadhu Sheikh Mujibur Rahman
Agricultural University, Gazpur-1706, Bangladesh Email of first author: majibar_rhmn@yahoo.com

(Thisisapart of Ph.D thesis of first author)

ABSTRACT

M. M. Rahman, A. A. Khan, A. M. Akanda, I. H. Mian and M. Z. Alam. 2013. Chemical control of bacterial
soft rot of onion caused by Burkholderia cepacia. Bangladesh J. Plant Pathol. 29 (1&2): 1-4.

Bactericidal properties of eight chemicals were tested in-
vitro against onion soft rot bacteria (Burkholderia
cepacia). Among the chemicals, acetic acid, boric acid and
bleaching powder showed bactericidal activity against
onion soft rot bacteria, B. cepacia O-15. These three
chemicals were tested to treat onion bulbs against soft rot
disease in storage. For treatment, fresh onion bulbs were
dipped in 0.00, 0.02, 0.05 and 1.00% solutions of acetic
acid, boric acid, and bleaching powder for 30 min. The
treated bulbs were inoculated by spraying B. cepacia

suspension and stored for 2-22 weeks. During the storage
period, the chemicals caused 0.0-18.2% reduction in soft
rot incidence and 0.00-18.0% reduction in weight loss of
onion bulbs over to control. The lowest incidence of soft
rot as well as weight loss was achieved with bleaching
powder followed by boric acid and acetic acid. Results of
both in vitro test and onion treatment experiment indicate
that bleaching powder, boric acid and acetic acid may be
used to control soft rot of onion bulbs during storage for a
period of 2-22 weeks.

Key words: Bacterial soft rot, Burkholderia cepacia, onion, chemical control

INTRODUCTION

Bacterial soft rot (Burkholderia cepacia) is a
common post harvest disease of onion and many
other vegetables throughout the world. The disease
causes severe loss of onion bulb in storage (Bdliya
and Haruna 2007). Normally, chemical bactericides
are not recommended for the control of soft rot
disease because of high risk of heath hazards
(Agrios 1997). However, many scientists tested
various bactericides including chemicals and
microbial pesticides to control the soft rot bacteria
(Chen and Lin 2000, Abd-El-Khair 2004, Wright et
al. 2005). Researchers identified some chemicals
with antimicrobial activity, which increase resistance
in potato and onion against soft rot disease
(Hammerschmidt and Smith 1997). Benzothiodiazole
(BTH) has been idenfied as a systemic resistance
inducer in many plants and effective against various
plant pathogens (Gorlach et al. 1996, Bokshi et al.
2003). Increased resistance in potato tubers against
E. carotovora subsp. carotovora was observed when
tubers were dipped in acetyl salicylic acid (Abd-El-
Sayed et al. 1996, Bokshi et al. 2003). Salt
treatments also can inhibit plant pathogens or
suppress their toxin production (Olivier et al. 1998).
Sdlts including calcium propionate and calcium
chloride reduced tissue maceration of potato tubers
caused by E. carotovora (McGuire and Kelman
1986, Biggs et al. 1997, Droby et al. 1997).
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Suppression of bacterial soft rot in potato
tubers by application of an antibiotic ‘kasugamycin’
was investigated by Bartz (1999). Reports on
chemical control of soft rot bacteria are not available
in Bangladesh. Search for selection of chemicals
without health hazard to human is necessary to
control soft rot of onion.

Considering the above facts the present
investigation was conducted to test some chemical
substances for their effectiveness to control soft rot
causing bacterial pathogens of onion.

MATERIALSAND METHODS

In vitro evaluation of eight chemicals against soft
rot bacteria

An in vitro experiment was conducted to evaluate
eight chemicals for their bactericidal activity against
soft rot pathogen, B. cepacia O-15 of onion. The
chemicals were acetic acid, boric acid, bleaching
powder, lactic acid, calcium hydroxide, calcium
chloride, potassum chloride and sodium
hypochloride. Acetic acid, boric acid, lactic acid,
bleaching powder and sodium hypo-chloride were
tested a 0.02, 0.05 and 0.10% (w/w). Other
chemicals were tested at 0.05, 0.10 and 0.20%. Y east
peptone dextrose agar (YPDA) was used as basal
medium.

The YPDA was prepared following a standard
method as described by Tuite (1969). After cooking
the medium was amended with appropriate quantity
of each chemical to have desired levels of
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concentrations. Each chemical was added to YPDA,
mixed thoroughly and autoclaved for 20 min at 121C
under 1.1 kg/cm? pressures. YPDA without any
chemical amendment served as control. After
sterilization, the medium was poured into 90 mm
glass Petri dishes at 20 ml/plate and alowed to
solidify.

To prepare the inocula, B. cepacia O-15 was
grown on YPDA at 28C for 24 hr. Bacteria cells
were collected from the culture and suspended in
sterilized distilled water to a concentration of ca.10°
cfu/ml. After solidification, YPDA in the plates was
inoculated with bacterial suspension and incubated at
30C in an incubator. The plates were arranged in an
incubator following completely randomized design
with three replications. Three additional plates
having YPDA without any chemical were maintained
as control. Growth of the test bacteria in the plates
was observed up to 14 days of inoculation and
antibacterial  activity of the chemicals was
determined based on initiation of colony growth.

Efficacy of the chemicalsto control soft rot

Based on the results of the in vitro test another
experiment was conducted to evaluate the efficacy of
acetic acid, boric acid and bleaching powder to
control soft rot disease of onion in storage.
Apparently healthy bulbs of onion variety
‘Taherpuri’ were selected and treated with the
chemicals at 0.00, 0.20, 0.05 and 1.00% concen-
trations. For each concentration of every chemical,
700 g of fresh onion bulbs were treated by dipping in
solution of each chemical separately for 30 min and
then air dried.

Fresh cultures of B. cepacia O-15 grown on
YPDA were suspended in sterilized distilled water to
prepare inocula at a concentration of ca.10® cfu/m.
Onion bulb treated with chemicals were inoculated
with the inoculum suspension of the bacteria using
an atomizers and air dried again. The onion bulbs
were packed in net bags and stored at room
temperature for 22 weeks. For control treatment
onion bulbs were treated with plain water, air dried
and inoculated with the pathogen. The bulbs were
checked for soft rot incidence on 2, 6, 10, 14, 18 and
22 weeks after inoculation. Data on soft rot infection
and loss of weight due to soft rot in storage were
recorded and expressed as percentage using the
following formula described by Abd-El-Khair and
Karima (2007):

2 Bangladesh J. Plant Pathal.

Number of infected bulbs

Infection %= X100
Total number of bulbs
[-W
Loss of weight %= -------------------- X100,
I
Where |= Initial weight of bulbs and
W= weight after discarding the infected tubers

Percentage of disease reduction (PDR) was
calculated using the following formula (Hajhamed et
al. 2007):

Ack - Atr

PDR= --------mmmoo- X 100,
Ack
Where Ack = lossin weight in control bulbs and
Atr =lossin weight of treated bulbs.

RESULTSAND DISCUSSION

In vitro evaluation of eight chemicals against soft
rot bacteria

Among eight chemicals tested in-vitro only acetic
acid, boric acid and bleaching powder showed
antibacterial activity against the soft rot bacteria. In-
vitro growth of B. cepacia O-15 was inhibited by
boric acid at al three concentrations (0.02, 0.05,
1.00%), acetic acid at two higher concentrations
(0.05, 0.10%) and by bleaching powder only at the
highest concentration of 1.00% (Table 1).

Efficacy of chemicalsto control soft rot

At 2, 6, 10, 14, 18 and 22 weeks of storage, the soft
rot incidence was 14.8, 42.9, 75.00, 82.10, 100.00
and 100.00% and loss in weight of onion bulb was
17.10, 43.5, 883.9, 100 and 100%, respectively. At
different weeks of storage, application of three
chemicals caused 0.0-18.2% reduction in soft rot
incidence (Fig. 1) and 0.00-18.0% reduction in
weight loss of onion bulbs (Fig. 2) over control. The
lowest incidence of soft rot as well as weight was
achieved with bleaching powder followed by boric
acid and acetic acid (Fig. 1 and 2).

Table 1. Antibacterial activity of three chemicals at
0.0 to 1.0% concentrations against soft rot
bacteria of onion (Burkholderia cepacia)

Chemicals tested Concentration (%)

00 002 005 10

Acetic acid - - + +
Boric acid - + + +
Bleaching powder - - - +

+ = positive; - = negative
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Results of the in-vitro test reveal that the most
effective chemical to inhibit in-vitro growth of soft
rot causing bacteria (B. cepacia O-15) of onion was
bleaching powder followed by boric acid and acetic
acid. Other investigators also found that organic
acids can inhibit growth of B. cepacia causing soft
rot of potato (Bokshi et al. 2003). Based on findings
of the present in vitro test acetic acid, boric acid and
bleaching powder were selected for treatment of

onion to control soft rot disease during storage.
Findings of the experiment revea that prestorage
treatment of onion bulbs with bleaching powder,
boric acid and acetic acid is effective to reduce soft
rot incidence and weight loss of onion bulbs. Many
researchers also reported similar results. Hajhamed et
al.(2007) found that potassium sulfate, ammonium
phosphate and calcium chloride as salt compounds
significantly decreased severity of bacterial soft rot

Val. 29, No. 1&2, 2013 3



disease of potato. Saleh and Huang (1997) reported
that benzoic acid and sodium benzoate at 1, 5 and 10
mM inhibited soft rot bacterial growth and were
effective in controlling the disease in both tomato
fruits and potato tubers. Salts including calcium
propionate and calcium chloride reduced tissue
maceration of potato tubers due to attack of E.
carotovora (Biggs et al. 1997, Droby et al. 1997,
Olivier et al. 1998). Findings of the two experiments
indicate that acetic acid, boric acid and bleaching
powder may be recommended to control soft rot of
onion caused by B. cepacia.
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ABSTRACT

S. S. Siddique, A. U. Ahmed, M. S. Akter, M. M. Idam and I. H. Mian. 2013. First report on Botrytis Blight
(Botrytis gladiolorum) of gladiolus from Bangladesh. Bangladesh J. Plant Pathol. 29 (1& 2):5-10.

Botrytis gray mold disease like symptoms appeared on
gladiolus during 2012 and 2013 crop season grown in Jessore
regions of Bangladesh. The disease caused spots on leaves,
flower buds and inflorescence. In severe infection, the
disease caused both flower and leaf blight and corm rot.
Botrytis gladiolorum was consistently isolated from infected
gladiolus plants. For confirmation of the disease, Koch’s
postulate was performed through artificial ino-culation of
healthy leaves of gladiolus grownin potsina glass house.

K ey words: Botrytis gray, Botrytis gladiolorum, incidence

Conidia suspension of B. gladiolorum isolated from
naturally infected plants used as inocula for inoculation.
Characteristic symptoms of Botrytis blight developed on
inoculated gladiolus plants were identical as recorded from
the field. Based on inoculation test it was confirmed that the
disease was Botrytis blight of gladiolus and the causal fungus
was B. gladiolorum. Thisisthe first record on the occurrence
of Botrytis blight and its causal pathogen, B. gladiolorum in
Bangladesh.

INTRODUCTION

Gladiolus (Gladiolus hortulanus), also known as queen
of the bulbous plants, is cultivated in Bangladesh for its
beautiful flower spikes having along life as cut flower.
Its magnificent inflorescence with variety of colors and
number of pretty florets makes it attractive to the
growers and cut flower users (Chanda et al. 2000, Bose
et al. 2003, Pant 2005). The cut flower is one of the
most important commercial crops in Jessore region of
Bangladesh. The requirements of cut flower in the
country are supplied by the growers of these regions.

Gladiolus plant is attacked by a number of
diseases throughout the world. Of them Botrytis blight
caused by B. gladiolorum is very destructive one. The
disease is manifested by spots on leaf, flower bud,
inflorescence and stem, and corm rot. Drayton (1928)
reported Botrytis disease of gladiolus from Canada in
1928. The disease has a so been reported from Holland
(Drayton 1929), England (Moore 1939), New York
(Dodge and Laskaris 1941), Australia (Wade 1945),
India (Sohi (1992, Singh et al. 2005), Pakistan (Mirza
and Shakir 1991) and Iran (Mirzaei et al. 2008). Mirza
and Shakir (1991) reported B. gladiolorum from corm
and leaves of gladiolus in Pakistan. Sohi (1992)
worked on diseases of ornamental plants and reported
B. gladiolorum from corms and leaves of gladiolus in
India. Blight caused by B. gladiolorum is noted as the
major threat for gladiolus production in India (Singh et
al. 2005).
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The disease has not yet been reported from
Bangladesh. In recent years, disease problems appeared
in Jessore regions of Bangladesh as one of the major
limiting factors for growing gladiolus. In 2013-2014
crop season, a new disease appeared in farmer’s fields
of the regions. The disease was manifested by
characteristic symptoms of Botrytis blight as spots on
leaf, flower bud, flower and stem and rotting of corm.
The disease severity was very high and caused leaf and
inflorescence blight. Almost al plants in a field were
found to be infected by the disease. Moreover, the
market price of flower sticks was reduced. The
symptoms appeared in the field was recorded and
compared with the symptoms reported by other
workers (Mirza and Shakir 1991, Sohi 1992, Singh et
al. 2005 and Mirzael et al. 2008). The comparison
reveals that the discase may be Botrytis blight. To
identify the disease an investigation was conducted
during the flower season of 2013 in Jessore region of
Bangladesh.

MATERIALSAND METHODS

Diseased samples of leaf, flower buds and stem of
gladiolus were collected from farmers’ fields of Jessore
regions. The fungus associated with the specimens was
isolated following tissue planting methods on potato
dextrose agar (PDA) (Mian 1995). Collected leaf
specimens were cut into small pieces, sterilized with
1.0% chlorox (NaHCI) solution for 1 min, rinsed in
sterile ditilled water for three times and placed in Petri
dishes containing PDA. The isolated fungus was
purified following hyphal tip method (Mian 1995). To
identify the fungus, morphological characters such as
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conidiophore length, conidial and sclerotial dimensions
were recorded, and the associated fungus was
identified based on the morphology (Mirzaei et al.
2008).

Pathogenicity of the isolated fungus was
performed under control conditions by inoculating
healthy gladiolus with spore suspension of B.
gladiolorum isolates. Gladiolus plants were grown in
earthen pots (20 cm height and 20 cm rim diameter).
The isolates were multiplied on PDA in Petri dishes.
Ten days after incubation, conidia were harvested from
the cultures by flooding the plates with sterilized
distilled water and scraping with sterilized glass dlides.
The conidial suspension was filtered through muslin
cloth to remove mycedium fragments. The suspension
was adjusted to 6x10* conidia ml™ using sterilized
digtilled water. At flowering stage, apparently healthy
gladiolus leaves were inoculated with the conidial
suspension. For inoculation, the inoculum suspension
was sprayed over the plants. Plants under control were
sprayed with plain water. Both inoculated and control
plants were covered with polythene sheet to keep the
plants humid for 48 hours. The pots with plants were
placed in a glass house having ambient temperature of
20-22C until development of symptoms. Characteristic
symptoms of the disease appeared within 12 days of
inoculation. The inoculated fungus was re-isolated
from the inoculated plant parts showing characteristic
symptoms following the procedures as mentioned
earlier. Pieces of leaf specimens were also plated on
moist blotting paper in Petri dishes and incubated at
21C. The fungus grew on the leaf samples were
isolated, purified and morphological characteristics of
the fungus were recorded.

RESULTSAND DISCUSSION

Symptoms of Botrytis blight of gladiolus observed on
leaf, stem, flower and corm in the farmer’s fields and
in inoculated plants of gladiolus are described below:

Symptoms on leaf

Initially, reddish brown tiny spots appeared on the
leaves which became round to oval and sometimes
irregular in shape (Plate 1 A). The spots enlarged
gradually and turned into pale brown in color with
reddish brown margin and dark yellow center (Plate 1
B). In case of severe infection, several spots coalesced
together and formed large lesions and a blighted
symptom appeared (Platel C). At later stage of
infection, moldy structure of mycelium, conidiophores
and spores appeared on the blighted leaves (Plate 1 D&
E). Severe lesions appeared on leaf sheath which
girdled the sheath around the stem (Plate 1 F).
Symptoms on stem

Infection of stem started from leaf sheath (Plate 1 F).
From the sheath, lesions moved downwards and

6 Bangladesh J. Plant Pathol.

reached the stem causing stem girdling. The lesion
encircles the stem and soft rot symptoms appeared.
Sometime stem girdling occurred at the point of
infection (Plate 2 A). Grayish fungal growth also
observed at the point of infection of stem (Plate |l B).

Symptoms on flower

Minute water-soaked lesions developed on flower buds
and flowers of infected plants at 72 hr after inoculation.
Lesionsincreased in size and coalesced to form patches
within 7 to 10 days of infection. Shoots became
blighted and died in 12-14 days. All the infected organs
were covered with gray mold within 16-18 days. Re-
isolation of the causal fungus from the inoculated
plants consistently yielded the inoculated fungus. On
petals and sepals translucent water soaked spots
appeared with light brown margin and pale colored
centre (Plate 111 A). As the spots enlarged, dead tissue
turned into brown and the flowers became rotten (Plate
[11 B). In severe cases entire flower can be rotted and
gray mass of spore appeared on rotted portion (Plate 111
C). Plants under control plants did not show any
symptom of the disease.

Symptoms on cor ms

Initially, small reddish brown lesions appeared on
corms of gladiolus (Plate IV A). Gradually, severa
lesions coalesced together and turned into large black
lesion (Plate IV B). Sometime large black mummified
areas appeared on the neck region of the corm. In the
neck region, large brown spots were observed (Plate IV
O).

Morphological characteristics of the causal fungus

After 48 hr of incubation, whitish mycelial growth
appeared on the infected leaf pieces of gladiolus used
as inocula and plated on moist blotting paper in Petri
dish (Plate V A). Similarly, after 5 days of incubation
colonies of B. gladiolorum grew from pieces of
gladiolus leaf were placed on PDA in Petri dishes
(Plate V B). Conidiophores bearing conidia (Plate Il C)
appeared on the colonies produced on leaf pieces as
well as PDA (Plate V A and C). Later on, the colony
turned into brown and produced black sclerotia after
14-16 days of incubation (Plate V D and E).
Conidiophores were dark brown and twisted (Plate V
A, B, D and E). Conidia were ellipsoid and ovoid or
oval in shape, pale brown in color and 14.2-20.7 mm X
9.3-12.9 mmin dimension (Plate V F).



Plate 1. Photographs showing leaf symptoms of Botrytis blight (B. gladiolorum) of gladiolus [A. Tiny spot,
B. enlarge spot, C. blighted leaf, D & E. blighted leaf, F. lesion on sheath].

=

Plate Il. Photographs showing stem symptoms of Botrytis
blight (B. gladiolorum) of gladiolus [A. sem

girdling with lesions, B. severe lesions on stem having
mycelium, sporangiophores and conidia] .

Plate Ill. Photographs showing flower symptoms of Botrytis blight (B.
gladiolorum) of gladiolus [A. spots on flower bud, B. blighted flower
having mycelium, sporangiophores and conidig].

The symptoms of Botrytis blight of gladiolus
recorded from inoculated as well as naturally infected
plants in the present investigation are similar to the
symptoms reported by other researchers (Mirzagi et al.
2008, Sung Kee Hong et al. 2003, Pscheidt and Ocamb
2013). The morphological characteristics of colonies,

mycelia, conidiophores, conidia and sclerotia of B.
gladiolorum recorded in the present investigation are
amost similar to the descriptions of Ellis, (1971),
Wang et al. (1996), Kishi 1998, Sung Kee Hong et al.
(2003) and Mirzaei et al. (2008).
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It has been recorded that B. gladiolorum infects
different flowers under Iridaceae family like gladiolus,
freesia, ixia, crocus, and irisin North America, Europe,
Africa, New Zealand, China, and Japan (Boerema and
Hamers 1989, Gould 1954, Kishi 1998, Mckenzie
1990, Plate and Schneider 1972, Wang et al. 1996, Sung
Kee Hong et al. 2003, Mirzagei et al. 2008).

Findings of the present investigation clearly reved
that Botrytis blight caused by B. gladiolorum regularly
attacks the gladiolus plants in Jessore regions of
Bangladesh. However, the disease has not yet been
reported from the country. So, the present report may be
considered as the new record of Botrytis blight of
gladiolus and its causal fungus, B. gladiolorum in
Bangladesh.

Plate 1V. Photographs showing corm symptoms
of Botrytis blight (B. gladiolorum) of
gladiolus [A. spots on flower bud, B.

blighted

flower

having mycelium,

conidiophores and conidia, C. large brown spot

on neck region].

Plate V. Photographs showing corm symptoms of Botrytis blight (B. gladiolorum) of gladiolus [A.
mycelium grew on leaves placed on moist blotter, B. mycelium grew on leaves placed on PDA, D and E. sclerotia
formation, C & F. conidiophores bearing conidia, F. Conidial.
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ABSTRACT

Shamim Shamsi and Anita Ghosh. 2013. Pestalotiopsis guepinii (desm.) Stay. — a new pathogen of black spot
disease of rose in Bangladesh. Bangladesh J. Plant Pathol. 29 (1&2): 11-14.

An investigation was conducted during November 2009 to
October 2010 to determine causal fungi of black spot disease
of rose (Rosa centifolia L.). Black spot infected |eaf samples
were collected from different locations of Dhaka city. The
fungi associated with the samples were isolated and
identified. The principal fungal pathogen associated with the
diseased specimens was Diplocarpon rosae Wolf (imperfect
stage Marssonina rosae). Other fungal pathogens associated
with the disease were Pestalotiopsis guepinii and its two
culture types (Pestalotiopsis guepinii-1, P. guepinii-2). The
fungi belong to the class Coelomyecetes under the Division

Keywords: Black spot, rose, Pestalotiopsis guepinii

Deuteromycota. The fungi were frequently isolated from
black spot infected leaf samples of the rose. After inoculation
of detached leaves and seedlings of rose, P. guepinii and its
two culture types developed characteristics symptoms of
black spot. The pathogen was reisolated from black spot
infected inoculated leaves to fulfill Koch’s postulate. The
findings of the investigation indicate that P. guepinii is
another fungal pathogen of black spot of rose in addition to
D. rosae. This is a new record about causal agents of black
spot disease of the cut flower.

INTRODUCTION

Rose (Rosa centifolia L.) is grown throughout the
world for their beautiful flower and fragrance. The
ornamental plant is aso grown in Bangladesh.
Diplocarpon rosae Wolf and its imperfect stage
Marssonina rosae (Lib.) Died is well documented
pathogen of black spot of rose. Black spots are circular
with a perforated edge and reach a diameter of 14 mm.
Severely affected plants however, do not show the
circular spots as they coalesced together and form large
lesion (Debner 1988). From India, Mukerji and Bhasin
(1986) reported leaf spot of rose caused by
Pestalotiopsis versicolor. Islam et al. (2010) reported
seven diseases of rose from Bangladesh. The diseases,
in order of their prevalence, are Botrytis blight
(Botrytis cinerea), Cercospora leaf spot (Cercospora
puderi), rose mosaic (Rose Mosaic Virus), black spot
(Diplocarpon  rosae), die-back (Botryodiplodia
theobromae), Alternaria leaf spot (Alternaria
alternata) and stem canker (Crytosporella umbrina
(Speg.) Stey. In Bangladesh, reports on association of
fungal pathogens with black spot symptoms are not
available. The present investigation was undertaken to
identify the fungal pathogens associated with black
spot disease of rose plant other than D. rosae.

MATERIALSAND METHODS

Healthy and diseased leaves of rose were collected
from different locations of Dhaka city during
November 2009 to October 2010. Fungi were
isolated from black spot infected leaf samples

2013 Bangladesh Phytopathological Society

following “Tissue Planting method” on PDA medium
and pure culture of the isolated fungi were prepared
following single spore method (Tuite 1969).
Morphological characteristics of the fungi were
recorded under a compound microscope and
identified using standard key books (Barnett and
Hunter 2000, Booth 1971, Ellis 1971, 1976, Sutton
1980, Ellis and Ellis 1997). All diseased specimens and
associated fungi were preserved in the Herbarium of the
Department of Mycology and Plant Pathology,
University of Dhaka.

Pathogenicity test of the isolated fungi was
performed following modified detached leaf assay
technique (Azad and Shamsi 2011). Fresh, healthy
and mature leaves of rose were collected, washed
with distilled water, surface sterilized with 1.0%
Clorox for five minutes and rinsed in sterilized water.
Ventral and dorsal sides of the leaflets with and
without pricking with needles were inoculated with 2
mm diameter mycelial block of the isolated fungi
previously grown on PDA medium for seven days.
Another set of leaves with and without pricking and
without inoculation were maintained, which served as
controls. Three replicated leaflets were used for each
treatment. The inoculated lesflets were placed in Petri
dishes containing water soaked filter paper and cotton
ball to maintain sufficient humidity to initiate infection.
The plates were incubated at 25-28C. The inoculated
and non inoculated | eaflets were checked for symptom
development starting from 3 days of inoculation and
continued up to 7-10 days.
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Seedling inoculation method was also followed to
confirm pathogenicity of the isolated fungi. Healthy
seedling of rose plant was transplanted in pots (30
cm Diam.) containing sterilized soil at three seedlings
per pot and alow to grow for three month in a
nethouse providing necessary water and nutrients.
Healthy leaves of seedlings were washed with
sterilized water and surface sterilized with 1.0%
Chlorox and rinsed with sterilized distilled water.

Surface sterilized leaves were pricked with
sterilized needle. Pricked and unpricked leaves were
inoculated with the test fungi by rubbing sporulating
PDA culture of the test fungus. Leaves under control
received only fresh PDA medium without fungal
inoculum. Plants were covered with polythene bags to
maintain proper humidity level and to avoid
contamination. Three seedlings were inoculated for
each treatment. The inoculated plants were placed in a
clean bench. The plants were examined daily and

continued up to 10 days to record the development of
symptoms. Symptoms developed on artificia
inoculated leaves were recorded and compared with
the symptoms of those observed on naturally
inoculated leaves. The fungus was resonated from
the inoculated leaves of rose to fulfill Koch’s
postulates.

RESULTSAND DISCUSSION

Marssonina rosae was isolated from black spot
infected leaves of rose plants. In addition to M. rosae,
another fungal pathogen, Pestalotiopsis guepinii and its
two culture types (Pestalotiopsis guepinii-1, P.
guepinii-2) were frequently isolated from leaves having
black spot symptoms (Plate | A, B and C). Their
cultural characteristics are summarized in Table 1.
Other fungi associated with black spot infected leaves
of rose were Cladosporium cladosporioides (Fresen.)
de Vries, F. oxysporum Berk. & Curt. and a species of
Penicillium.

Table 1. Comparative study of Pestalotiopsis guepinii and its culture types isolated from black spot infected rose

leaves
Isolate No. Name of Characteristics of the fungus on PDA medium
isolate Seven days old colony Acervulus Dimension of Conidia
character (um)

SS 2034 P. guepinii Colony compact & Formed within 7-10 Length 18.4-23.6

diameter 17 mm days, large, many, Width 5.6-7. 2
compactly arranged

SS 2041 P. guepinii, Colony compact & Formed within 7 days Length 20.0-28.0

diameter 18 mm minute, nUMerous, Width 4-6.8
scattered

SS 2041 P. guepinii, Colony fluffy & Formed after 25 days, Length 20.4-26.8

diameter 18 mm colony fluffy Width 6.4-8.4
P. gueplnll-l P. guep|n||—2

Pestalotiopsis guepinii

(7S
Y

12 Bangladesh J. Plant Pathal.

: \:v

\L\

-L/ \V‘
{ @ 8

C_\ b

Camera lucida drawings of conidia of Pestalotiopsis guepinii (A) and its two cultural types (B&C).



Taxonomic enumer ation of Pestalotiopsis guepinii

Colonies on PDA having pH 6.0 and incubated
temperature 25+1C are white, cottony. Hyphae
hyaline, septate and profusely branched. Acervuli are
black, shinning, conspicuous, conidiomata 200 pm
long. Conidiophores short hyaline, 10-15 pum long and
1-2 um wide, mostly aseptate, with 1-2 proliferation.
Conidia blackish brown, mostly three septate with 2-5
(mostly 3) hyaline appendages at the apex and a short
hyaline appendages at the base, apical appendages 16.5
- 26.1 um long and a basal 4.2 - 7.8 um long (Plates |
and I1). Based on these morphological characteristics,
the fungus was identified as Pestalotiopsis guepinii
(Desm.) Stay. (Sutton 1980).

Characteristic symptoms of black  spot
developed on rose leaves which were pricked dorsally
and inoculated with Pestalotiopsis guepinii as dark
brown lesion. The fungus was reisolated from
inoculated rose leaves showing characteristic
symptoms to fulfill the Koch's postulates. Two culture
types of P. guepinii (1&2) also produced characteristic
symptoms of black spot on inoculated rose leaves.
Pestalotiopsis guepinii produced 8-10 mm dark lesion
around the point of inoculation. Subsequently P.
guepinii-1 produced 10-11 mm and P. guepinii-2

produced 8-12 mm irregular dark lesion around the
point of inoculation. Control leaves did not show any
symptoms of disease (Plate l11).

Plate 1. Ten days old PDA culture of Pestalotiopsis guepinii, P. guepinii-1 and P. guepinii-2 (A-B) and acervulus
with conodiophos and conidia of three pathogens (D-F).

Results of the present study reveal that P.
guepinii and its two culture types can develop
symptoms of black spot only when test leaves are
pricked with dorsally before inoculation. It indicates
that injury is essential for penetration of the fungus.
Black spot caused by D. rosae and its imperfect
stage has been reported earlier from Bangladesh
(Islam et al. 2010) as well as abroad (Willium 1949,

Debner 1988, Mukerji and Bhasin 1986). Reports on
the association of P. guepinii with black spot infected
rose leaves wunder natural conditions and its
pathogenicity to cause the disease on inoculated rose
leaves are not available in Bangladesh or abroad. The
findings indicate that P. guepinii is another pathogen of
black spot of rose and this is a new information on
causal agent of the disease.
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Plate I11. Symptoms of black spot disease developed on detached leaves of rose inoculated with P. guepinii, P.
guepinii-1 and P. guepinii-2 [A: Uninoculated leaf (control), B-D: Leaves inoculated with three isolates of P.
guepinii, E: Control plant, F—K: Plants inoculated with three isolates of P. guepinii].
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ABSTRACT

S. B. Jahan, M. A. Ali, S. Alam, Z. R. Moni and M. A. Alam. 2013. In-vitro evaluation of antifungal activity of
plant extracts against Rhizoctonia oryzae-sativae causing aggregated sheath spot of rice. Bangladesh J. Plant Pathol.

29 (1&2):15-19.

In-vitro experiments were conducted to test the
antifungal activity of garlic clove (Allium sativam),
ginger rhizome (Zingiber officinales), and leaves of
henna (Lawsonia inermis), water pepper (Poligonum
hydropiper), ivy gourd (Coccinia cordifolia) and neem
(Azadirachta indica) against mycelia growth of
Rhizoctonia oryzae-sativae, the causal fungus of
aggregated sheath spot of rice. Aqueous extracts of all
the botanicals were prepared, mixed with liquid potato
dextrose agar (PDA) medium at 0, 5, 10, 15, 20 and
25% concentrations and poured into 90 mm Petri
dishes at 20 ml per dish. After solidification of PDA,
90 mm glass Petri dishes were inoculated with mycelia
blocks of Rhizoctonia oryzae-sativae cut from 5 days

old PDA culture of the pathogen at one block per plate.
It was found that the plant extract reduced radial
colony diameter of the pathogen appreciably at
different concentrations of the botanicals compared to
control (0%). Among the tested plant extracts, garlic
and henna was the most effective material against R.
oryzae-sativae showing 50% reduction in colony
diameter at 3.25% concentration, which indicated
lowest LD (lethal dose) 50 value followed by henna
extract at 3.75%. Lowest LD 90 value also showed by
garlic extracts at 17.25% followed by henna extract at
19%. Garlic and henna considerably decreased
sclerotia germination at all the concentrations tested in
the present study.

Key words. Rhizoctonia oryzae-sativae, aggregate sheath spot, in-vitro screening, plant extracts

INTRODUCTION

Aggregated sheath spot caused by Rhizoctonia oryzae-
sativae is usually considered as a minor disease of rice
but it can be a very aggressive disease of the crop
under favourable conditions (Lanoiselet et al. 2007). It
occurs in many of the rice growing countries of the
world (Gunnel et al. 1984, 1992, Cedeno et al. 1998,
Lanoiselet et al. 2001). In Bangladesh, aggregate
sheath spot was reported for the first time in 1988 by
Shahjahan et al. (1988). The disease caused yield
losses of 20% in Austrdia, 4 to 9% in Uruguay
(Lanoiselet et al. 2005) and in Bangladesh the disease
may reduce rice yield by 14.74%.

Chemical, physica and cultural methods are
recommended to control aggregated sheath spot of rice.
Available reports reveal that extracts of many plant
species possess antifungal and antibacterial properties
(Hasan et al. 2005, Ogbo and Oyibo 2008, Dubey et al.
2009). Severa higher plants and their constituents may
be used successfully in plant disease control (Singh et
al. 1993). Adityachaudhury (1991) mentioned that use
of plant extracts and phytoproductsis gaining attention
due to their bio-degradability, low toxicity and mini-
2013 Bangladesh Phytopathological Society

mum residual toxicity in the ecosystem. Antifungal
activities were found in Eucalyptus, Syzygium
aromticum, Azadirachta indica, Rosmarinus officinalis
against Rhizoctonia solani, R. oryzae, R. oryzae-sativae
and <clrotium hydrophilum (Aye et al. 2011).
Cinnamon oil was found efficient plant product that
inhibited in vitro colony diameter of R. oryzae-sativae
as well as suppression of aggregate sheath spot disease
of rice under greenhouse condition. The present piece
of research was undertaken to evaluate efficacy of six
plant extracts to inihiting invitro vegetative growth and
sclerotia germination of R. oryzae-sativae.

MATERIALSAND METHODS

Six localy available plant species namely garlic
(Allium sativam), ginger (Zingiber officinales), henna
(Lawsonia inermis), water pepper (Poligonum
hydropiper), ivy gourd (Coccinia cordifolia) and neem
(Azadirachta indica) were collected. Water extracts of
garlic clove, ginger rhizome, and leaves of henna,
water pepper, ivy gourd and neem were prepared. For
preparation of the plant extracts, 100 g of each material
was washed in sterile distilled water, 100 ml sterile
water was added (1:1 w/v), crushed in a mortar and
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pestle and passed throught 2-ply cheese cloth. Each
plant extract was filtered through filter paper
(Whatman no.1), which was considered as standard
plant extract of each plant species and tested for
antifungal activity.

Poison food technique was followed to test the
plant extracts using potato dextrose agar (PDA) as the
basic medium (Dhingra and Sinclair 1985, Ali and
Archer 2003). The agueous extracts were thoroughly
mixed with warm PDA (40C) at 5, 10, 15, 20 and 25%
concentration and poured into sterile Petri plates (90
mm). PDA without any extract served as the control.
An isolate (No. MY-1) of R. oryzae-sativae was
obtained from Plant Pathology Division, Bangladesh
Rice Research Institute (BRRI), Gazipur and multiplied
on fresh PDA. Mycelial disc were cut from the actively
growing section of 3-day old culture of the pathogen.
The disc was placed at the center of each Petri plate
containing amended or unamended PDA at one disc
per plate. The inoculated plates were incubated at room
temperature (25-28C). The plates were arranged on the
desks in the Laboratory of Plant Pathology Division,
BRRI following completely randomized design. Four
replicated plates were used for each treatment. The
redial colony diameter was measured in all treatments
when the mycelium reached the rim of the Petri plate
under control. Percent growth inhibition was calculated
based on diameter of colony under control plates.

Inhibition of sclerotia germination was
determined by the method of Chaizuckam and Davis
(2010). PDA medium was amended with the plant
extracts at 0, 5, 10, 15, 20 and 25% following the
procedures as mentioned earlier. Ten sclerotia of the
pathogen (isolate MY -1) were collected from 14 days
old PDA culture, soaked in sterile water for 10 min.
Water soaked sclerotia were transferred to amended
PDA plates. After tree day of incubation at room
temperature number of germinated sclerotia was
counted. The experiment was repeated once.

Data on radial mycelia growth were subjected
to datistical analysis using CropStat (version 7.2)
computer software. Paired-t test was performed to
assess the effect of plant extract on sclerotia
germination comparing with control.

RESULTSAND DISCUSSION

In-vitro mycelial growth of R oryzae-sativae in the
control plates reached the rim within 4 days of
incubation. Every plant extract significantly reduced
in-vitro radial colony diameter of the fungus at all
concentrations compared to control. The degree of
reduction corroborated with their concentrations (Table
1).

Percentage of mycelial growth inhibition at
different concentrations of five plant extracts over
control is shown in Figure 1. In general, the highest
reduction was achieved with garlic extract followed by
henna, neem and ginger extracts. The reduction in
colony growth under the extracts ranged 67.67-
100.00%, 33.39-78.33 and 27.22-70.56%, respect-
tively. The lowest reduction of 12.22-32.78% was
recorded from treatments with water pepper followed
by ivy gourd which showed 15.56-61.67% reduction in
colony growth. Irrespective of plant extract, growth
inhibition percentage increased gradually with the
increase of concentration. The relationship between
growth inhibition and concentration was linear and
positive. The correlation coefficient for each extract
was significant (Fig. 1 and Table 2).

All of the plant extracts caused inhibition of
sclerotia germination of R. orya sativae. The most
effective one was garlic followed by henna. Significant
reduction in sclerotia germination was achieved with
all concentrations of two plant extracts compared to
control. The least effective plant extract was water
pepper followed by Ivy gourd (Table 3).

Table 1. Effect of different concentrations of six plant extracts on invi-tro mycelial growth of R. oryzae sativae

Radial diameter (mm) at different concentration of plant extract (%)

Plant extract 0 5 10 15 20 25
Garlic 45.00 14.50 12.25 8.25 0.00 0.00
Ginger 45.00 38.00 2775  21.25 1850  13.25
Henna 45.00 15.50 13.00 9.250 3.75 2.50
Water pepper 45.00 39.50 3650  34.75 33.00 3025
Ivy gourd 45.00 32.75 31.00 2775 2050  17.25
Neem 45.00 29.75 2300  17.75 13.25 9.75

LSD (P=0.05) to compare treatments means (except control) is 1.47 and to compare treatment means with control

meanl.31
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Fig. 1. Relationship of percentage of reduction over control in in-vitro radia colony
diameter of R. oryzae-sativae with concentration of five plant extracts.

Table 2. Regression equation, coefficient of determination and coefficient of correlation of
relationship between growth reduction and concentration of different plant extract

Botanicals Regression Equation Coefficient of (zjetermi nation Coeffici.ent of
(RY) correlation (r)
Water pepper y =0.978x + 7.99 0.963 0.989*
Ivy gourd y = 1.844x + 14.88 0.977 0.955*
Ginger y =2.611x + 8.06 0.980 0.950*
Neem y =1.997x + 30.71 0.929 0.864*
Henna y = 1.566x + 56.94 0.990 0.971*
Garlic y =1.837x + 56.85 0.963 0.928*

Results of the present investigation revea that
water extracts of garlic, zinger, henna, ivy gourd and
neem posses antifungal activity showing cause of
inhibition of in-vitro colony growth of R. oryzae-
sativae. The most effective botanical is garlic followed
by henna. They can reduce mycelial growth of R.
oryzae-sativae at least by more than 60% at their
lowest concentration. Garlic at 20% concentration and

above concentration is effective for complete inhibition
of in-vitro growth. Henna extract is able to reduce
mycelia growth of the pathogen by 94.44% at 25%
concentration. In-vitro antifungal activity of botanicals
tested in the present study have also been reported by
many other investigators (Chaijuckam and Devis 2010,
Aye et al. 2011, Rahman et al. 2012, Chaity et al.
2012).
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Table 3. Antifungal activity of different plant extracts with different concentrations on sclerotia germination of R.

oryzae-sativae

Concentration of plant extracts (%)

Plants Extract

5 10 15 20 25
Garlic 8.0%** 7.25%%* 7.0%%* 0 0
IVY Gourd 9.5 9.0 9.0 8.75 8.25%*
Ginger 8.25%* 8.25** 8.0%** 7.5%%* 7.25%**
Henna 9.5 9.5 9.5 9.0 9.0
Water pepper 9.5 9.5 9.25 8.75 8.5%
Neem 9.25 9.0 8.75 8.5% 8.0%**

Control (without plant extract)

Significant difference between plant extracts with different concentration and the controls at 0.1%, 1% and 5% level is indicated

by *** ** and * respectively

The factors responsible for antifungal activity of
the botanical tested have not been studied in present
investigation. However, other investigators reported
that sulfur rich protein Ajoene derived from garlic had
antifungal activities against Aspergillus niger, Candida
albicans (Yoshida et al.1987). Other workers also
showed the presences of antifungal properties in A.
sativam (Misra and Dixit 1976, Agarwal 1978). Garlic
has already been reported to have antifungal activity
against R. oryzae-sativae (Chaijuckam et al. 2010).
The sensitivity of fungi and even isolates of the same
species to plant extracts may vary. Such as, garlic
extract at 5% completely inhibited vegetative growth of
Cadliforniaisolates of R. oryzae-sativae (Chaijuckam et
al. 2010) but in case of Bangladeshi isolate of R.
oryzae-sativae, it required 20% concentration.

In the present experiment R. oryzae-sativae
was added in the list of sensitivity to the henna extract.
The henna leaf extract caused 65.56% - 94.44%
inhibition at 5 - 25% concentrations. Leaf extract of
henna completely controlled the growth of Drechslera
oryzae, Sclerotium oryzae, S. rolfsii and Rhizoctonia
solani at 20% (w/v) concentration. The presence of
antifungal compound (2- hydroxyl- 1, 4 napthoquinine)
in the leaf extract of henna had been identified which
might be responsible for microbial growth inhibition
(Tripathi et al. 1978).

Neem leaf extract showed 33.89 - 78.33%
inhibition at 5 - 25% concentration. The plant extract
inhibited the mycelial growth of R. solani, R. oryzae
sativae R. oryzae, and Sclerotium hydrophilum by 87.5,
80.0, 925 and 49.2% respectively (Aye and
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Matsumoto 2011). Similarly, findings of the present
investigation showed satisfactory reduction in colony
growth on R. oryzae-sativae by using neem leaf
extract. In present test, ginger showed moderate
inhibition against R. oryzae-sativae. Pakrashi (2003)
demonstrated that Ginferenone A, a diarylheptenone
congtituent of ginger, showed strong antifungal action
against Pyricularia oryzae and moderate anticoccidium
effect in vitro.

Lower inhibition percentage were noted in this
investigation with P. hidropiper and Coccinia
cordifolia. Hasan et al. (2009) observed that P.
hidropiper root extract on chloroform had strong
antifungal activities against A. niger, A. fumigatus, A.
flavus, C. albicans, Rhizopus oryzae and Tricophyton
rubrum. Garlic and henna extracts significantly
decreased sclerotia germination at all concentrations
while, neem extract at 20% and 25% reduced sclerotia
germination significantly compared to the control. The
findings of the present investigation reveal that garlic
and henna contain effective properties against R
oryzae-sativae (Table 3).
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ABSTRACT

S. M. K. H. Chowdhury, I. H. Mianand M.A.I. Khan. 2013. Identification of pathotypes of Xanthomonas oryzae pv.
oryzae causing bacterial blight of rice in Bangladesh. Bangladesh J. Plant Pathol. 29 (1& 2):21-27.

An investigation was conducted to identify pathotypes or
races of Xanthomonas oryzae pv. oryzae causing bacteria
blight of rice depending on the reaction patterns to a set of
nine near-isogenic lines (NILs) or differentials. Ten isolates
of X. oryzae pv. oryzae collected from different locations of
Bangladesh were tested on the NILs namely IRBB2, IRBB4,
IRBB5, IRBB7, IRBB10, IRBB11, IRBB13, IRBB14 and
IRBB21 harboring the resistance genes Xa2, Xa4, xa5, Xa7,
Xal0, Xall, xal3, Xal4 and Xa2l, respectively. The
resistance frequency was maximal in IRBB21 followed by
IRBB4, IRBB5 and IRBB7. Among the differentials (NILS),
the resistance frequency was the lowest in IRBB13 followed

by IRBB10, IRBB2, IRBB14 and IRBB11. Based on
susceptibility of the differentials and virulence of the isolates
in terms of lesion length and infection frequency the isolates
were grouped into 8 different pathotypes or races. Of them
three isolates (1SO3, 1SO4 and 1SO6) showed identica
virulence on the differentials and they were grouped into
pathotype 1. Other seven isolates were grouped into 7
different pathotypes (Pathotype 2 to 8). The most avirulent
isolate was 1SO-1 followed by 1SO-5 and 1SO-10. Only one
differential, IRBB21 showed resistant reaction to all isolates
whereas IRBB13 was susceptible to all isolates except 1SO1.

Key word: Xanthomonas oryzae pv. oryzae, pathotype, rice differential.

INTRODUCTION

Bacterial blight (BB) caused by Xanthomonas oryzae
pv. oryzae is one of the major diseases of rice (Oryza
sativa L.) in Bangladesh. The disease appears every
year with different degree of severity (Jalaluddin et al.
2005). It is noted as the most destructive and wide
spread bacterial disease in the tropics and sub-tropics
(Mew 1989, Ezuka 2000). The average yield of ricein
Bangladesh is lower compared to the other rice
growing countries of the world. There are many
congtraints responsible for low yielding, among them
disease are considerable as the most important one.
Bacterial blight disease has been recognized as one of
the most damaging disease of rice in Bangladesh. But,
comprehensive report on the effects of BB onrice yield
in Bangladesh is not available. Reports from other rice
growing countries reveal that yield loss due to BB
varied from 2% to 74% depending on location, season,
crop growth stage and genotype (Kumar et al. 2013).
Present recommendations for the management
of bacterial blight of rice are use of host resistance,
modifications in cultural practices, use of biological
control agents, botanical extracts, natural products, and
conventional and non-conventional chemicals. Rice
genotypes showing resistance to bacterial blightin

different countries are also recorded Ou 1985, Anon.
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(Ou 1985, Anon. 1988). Use of resistant varieties is
the most effective and economic management practice
against bacterial blight of rice. When different strains
of a bacterial pathogen are present, it is recommended
to grow resistant varieties possessing field resistant
genes to overcome development of new races in the
pathogen populations (Khan et al. 2009). Khan et al.
(2009) identified virulence differentiation of 41 isolates
of X. oryzae pv. oryzae collected from different areas
of Bangladesh, based on strain-cultivar interaction
using 9 near isogenic lines of rice with different
resistance genes. Leaves were inoculated following leaf
clipping method. The virulence of the strains was
differentiated distinctly. Weak interaction patterns
were found between bacterial isolates and rice cultivars,
but there were specific interactions. They suggested
that X. oryzae pv. oryzae could be divided into 6
pathotypes.

Environment, rice cultivation with new varieties,
BB incidence/severity might cause a shift in pathogen-
host interaction. Therefore, regular investigations
especially before development of durable resistant rice
varieties to BB, is necessary to identify the existing
pathotypes or races of the causa pathogen.
Considering the above point, the present investigation
was undertaken to identify pathotypes or races of X.
oryzae pv. oryzae (Xoo) isolates collected from
selected areas of Bangladesh.
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MATERIALSAND METHODS

Leaf samples of rice infected with Xanthomonas oryzae
pv oryzae (BB) were collected from farmers’ fields of
Gazipur, Comilla, Chittagong, Rangpur and Dinajpur
districts in Bangladesh during 2010-2011. Ten isolates
of X. oryzae pv. oryzae were established from the
collected samples using peptone sucrose agar (PSA)
medium (Jalaluddin et al. 2005). Single colony of pure
culture of each isolate was prepared and maintained in
PSA medium dlants. Bacteria were mixed in sterilized
clay suspension and stored under room condition for
long term use (Hossain 2001).

The isolates were designated using an
abbreviation ‘ISO’ for isolate and a serial number.
Pathogenicity of the isolates was tested on a set of nine
near-isogenic lines (NILs) namely IRBB2, IRBB4,
IRBB5, IRBB7, IRBB10, IRBB11, IRBB13, IRBB14
and IRBB21 harboring the resistance genes Xa2, Xa4,
xab, Xa7, XalO, Xall, xal3, Xald and Xa2l,
respectively (Huang et al. 1997). This set of NILs was
developed by IRRI, Philippines using background of
IR24.

Seeds of the NILs were collected from
Bangladesh Rice Research Institute (BRRI). The BRRI
obtained them from International Rice Research
Ingtitute (IRRI), Manila, Philippines. The experiment
was conducted in the Experimental Farm of BRRI,
Gazipur during T. Aman season, 2011. Seedlings of
each differential were raised in earthen pots containing
sandy loam soils mixed with well decomposed cow
dung. Thirty days old seedling was transplanted in the
field at one seedling per hill maintaining row to row
and hill to hill distances of 20 cm. Ten sets of nine
NILs were planted for ten isolates maintaining 40 cm
set to set distance.

The isolates of X. oryzae pv. oryzae were grown
on PSA dants separately for 72 hours at 30°C.
Inoculum of each isolate was prepared by mixing the
cultured bacteriain 10 ml sterile distilled water in atest
tube. Before inoculation, the concentration of the
bacterial suspension was adjusted to 10° CFU/ml using
sterile distilled water. At the maximum tillering stage,
8-10 leaves/hill were inoculated by clipping with sterile
scissors dipped in the bacterial suspensions. Three hills
of each of the NILs were inoculated with individual
isolate (Khan et al. 2009).

For data collection, a total of 20 leaves infected
with BB were collected after 21 days of inoculation.
Data on lesion length on each leaf was measured.
Disease reactions of the NILs to the isolates were
categorized based on lesion length, where less than 3
cm was considered as resistant (R) and more than 3 cm
was rated as susceptible (S) according to Li et al.
(2008). The isolates of X. oryzae pv. oryzae produced
more than 3 cm long lesion on inoculated leaves were
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considered as virulent and the NILs were considered as
susceptible (S), and those produced less than 3 cm long
lesion were noted as avirulent and the NILs as resistant
(R).

RESULTSAND DISCUSSION
Reactions of nine near-isogenic lines (NILS)

Mean lesion length of bacterial blight developed on
nine near-isogenic lines (NILs) owing to inoculation
with ten isolates of X. oryzae pv. oryzae varied greatly.
Each of ten isolates produced a range of lesion size,
showing the largest size lesion on a single NIL and the
shortest on another NIL. These two extreme values
were significantly different. The intermediate values
some were significantly different from the highest
value and some were different from the lowest value
(Table 1).

Significantly the highest mean lesion length was
recorded from NIL IRBB10. The second highest mean
lesion length was found on IRBB11 followed by
IRBB4 and IRBB2. The lesion length of three rice
NILs was statistically similar but significantly higher
compared to other NILs except IRBB10. The average
lesion length on leaves of IRBB5, IRBB13 and IRBB7
was also statistically similar and significantly higher
compared to only IRBB14 and IRBB21. The lowest
lesion length was found in IRBB21 followed by
IRBB14. The response of two NILs to the pathogen
was significantly different (Fig. 1).

The mean lesion length on nine-rice NILs
caused by isolates 1SO4, 1SO6 and 1SO3 of X. oryzae
pv. oryzae was statistically similar and significantly
higher compared to other seven isolates. The mean
lesion length developed by 1SO2, 1SO8 and 1SO9 was
aso datistically similar and significantly higher
compared to 1SO1, I1SO5 and 1SO10. The differencesin
average lesion length of later three isolates were not
significant (Fig. 2).

Virulence diversity among ten isolates

The isolates of X. oryzae pv. oryzae were polymorphic
for virulence to nine NILs of rice possessing the
resistance genes Xa2, Xad, xab, Xa7, Xal0, Xall, xal3,
Xald and Xa2l. Ten isolates collected from naturally
BB infected rice plant grown in the districts of Rangpur,
Dingjpur, Gazipur, Jhalokati, Comilla and Chittagong
were classified into 8 pathogenic groups, which were
tentatively designated as pathotype 1 to 8 on the basis
of their pathogenicity on nine NILs. The reaction
patterns of the 8 pathogenic groups were respectively
SSSSSSSSR, SRRRSRSRR, RRRRSRSRR,
RSSSSSSSR, SRRRSSSRR, RRRRSRSSR,
RRRRRRSRR and RRRRRRRRR. None of the isolates

showed virulence effect on all the NILs (Table 2).



Table 1. Lesion length of bacteria blight on nine near isogenic lines (NILS) and a variety of rice caused by ten
isolates of Xanthomonas oryzae pv. oryzae after inoculation.

NILs Mean lesion length (cm) developed by ten isolates
ISO1 1SO2 1S03 ISO4 ISO5 ISO6 ISO7 1SO8 1SO9 [1SO10 Mean

IRBB2 071 1386 1981 2373 051 7.37 2.57 850 0.83 1.60 7.95
IRBB4 041 054 1781 2543 060 2210 1070 083 055 0.60 7.96
IRBB5 0.36 240 1503 1363 0.72 1933 1074 039 094 0.62 6.42
IRBB7 042 088 1160 1142 077 1928 8.09 1.14 1.13 0.85 5.56
IRBB10 118 1024 1737 2623 402 2017 765 1157 1295 120 11.26
IRBB11 0.67 177 1755 1757 073 1746 2121 444 279 1.53 8.57
IRBB13 160 594 8.92 9.06 4.62 9.01 370 898 365 3.47 5.90
IRBB14 143  0.99 9.61 3.13 0.82 1337 550 179 447 1.76 4.29
IRBB21 0.55 271 172 1.09 1.62 2.66 1.15 1.07 0.72 242 157

Mean 081 437 1327 1459 160 1453 792 430 311 1.56 -
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Figure 1. Mean lesion length of bacterial blight on nine near-isogenic lines of rice due to inoculation with isolates
(Xanthomonas oryzae pv. oryzae)
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Figure 2. Mean lesion length of bacterial blight caused by ten isolates of Xanthomonas oryzae pv. oryzae on nine
near-isogenic lines of rice

Table 2. Pathogenic diversity of the 10 isolates of Xanthomonas oryzae pv. oryzae based on the reaction of nine
near-isogenic lines (NILS)

Near-isogenic lines (NILs) and known resistance genes®

Py — — — — — — — — —
P _8 Py Py Py Py Py Py py) py) Py
g g o 5] 5] 5] 5] 5] 5] 53] 53] 5]
3 _% @ e w© w w w © © @
— 2 N I ol ~ = [ [ [ N
s Bg s 3 % % =2 £ & =2 &2
® < R R ) 2 & ) & & g

° -7 -8 e & B 8
1 1SO3, S04, 1SO6 S S S S S S S S R
2 1SO2 S R R R S R S R R
3 1SO5 R R R R S R S R R
4 1SO7 R S S S S S S S R
5 1SO8 S R R R S S S R R
6 1SO9 R R R R S R S S R
7 1SO10 R R R R R R S R R
8 1SO1 R R R R R R R R R

#Near-isogenic lines (NILs) harboring a single gene for resistance were used to characterize pathotypes among 10 isolates of X.
oryzae pv. oryzae. S = susceptible and R = resistant. Note: A mean lesion length of < 3 cm was considered as resistance and >3
as susceptible (*Li et al. 2008).
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All tested isolates were avirulent to only one
differential (IRBB21). Isolates 1SO3, 1SO4 and 1SO6
were virulent to all NILs except IRBB21 which were
grouped into pathotype 1. The isolate, 1SO1 was
avirulent to all the NILs which was placed in another
pathotype designated as pathotype 8. Isolate 1SO7 was
avirulent to IRBB2 and IRBB21 containing resistance
genes Xa2 and Xa21 respectively. Other isolates (1SO2,
ISO5, 1S07, 1S08, 1SO9 and 1S010) showed variable
reaction patterns on the NILs and they were classified
into different pathotypes and designated as pathotype 2
to 7, respectively (Table 2 and Fig. 3).

Differential characteristics of near-isogenic lines

Ten isolates were tested to assess the differential
characteristics of nine NILs. Genotype IRBB21
showed resistant reaction to all isolates showing lesion
length of 0.55-2.71 cm with mean 1.57 cm. IRBB13
(xal3) showed resistant reaction to only 1SO1 having
lesion length of 1.60 cm and IRBB10 possessing
resistant gene Xal0 was resistant to 1SO1 and 1SO10
showing lesion length of 1.18 cm and 1.20 cm,

respectively. Three genotypes, IRBB4, IRBB5 and
IRBB7 containing the resistant genes Xa4, xa5, Xa7
respectively were resistant to 6 isolates (1SO1, 1SO2,
1SO5, 1S08, 1S09 and 1SO10). In other NILs, IRBB2,
IRBB11 and IRBB14 showing resistant reaction
against 5 different isolates and lesion length ranged
0.51-23.73, 0.67-21.21 and 0.82-13.37 cm with means
of 7.95, 857 and 4.29 cm, respectively (Tables 1&2
and Fig. 1).

Resistance frequency of isolates on rice near-
isogenic lines(NILs)

The resistance frequency of the isolates on the rice
near-isogenic lines having specific gene for resistance
isshown in Table 3 and Fig. 2. The BB resistance gene
showed 10 to 100% resistant reaction to the isolates of
X. oryzae pv. oryzae tested in the present study. The
highest resistance frequency was found in IRBB21
(Xa21) followed by IRBB4 (Xad), IRBB5 (xa5) and
IRBB7 (Xa7). The lowest resistance frequency was
found in IRBB13 (xal3) followed by IRBB10 (Xal0),
IRBB2 (Xa2), IRBB14 (Xal4) and IRBB11 (Xall).

Near-isogenic lines (NILs) and known resistance genes?®
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&Near-isogenic lines (NILs) containing a single gene for resistance
S = susceptible and R = resistant. A mean lesion length of < 3 cm was considered

as resistance and >3 as susceptible.

Figure 3. Pictorial views of reaction pattern of nine near-isogenic lines (NILs) to BB isolates of

Pathotype 1.
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Table 3. Resistance genes of rice near-isogenic lines
(NILs) and their resistance frequency to 10
Bangladeshi isolates of X. oryzae pv. oryzae

NILs Resistance Resistance
gene frequency (%0)*
IRBB2 Xa2 50
IRBB4 Xad 60
IRBB5 xab 60
IRBB7 Xa7 60
IRBB10 Xal0 20
IRBB11 Xall 50
IRBB13 xal3 10
IRBB14 Xal4 50
IRBB21 Xa2l 100

®Resistance frequency was calculated as the ratio of isolates
including resistance reaction vs. total isolates tested on each
NILs.

Pathotypes or races of bacterial plant pathogens
are generaly grouped on the basis of virulence
phenotypes on a set of differential varieties of rice
(Jeung et al. 2006, Liu et al. 2007, Khan et al. 2009).
In the present investigation, nine NILs of rice with
distinct genes for bacterial blight resistance were tested
in determining virulence of ten isolates of X. oryzae pv.
oryzae collected from different locations of Bangladesh.
The symptoms developed by those isolates were clear
to distinguish virulent and avirulent isolates (Fig. 3).
Based on susceptibility of the differentids and
virulence of the isolates, in terms of lesion length and
infection frequency, the isolates were grouped into 8
different pathotypes. Similar results were reported by
other investigators who worked in other countries with
other isolates of the pathogen (Noda et al. 2001, Khan
et al. 2009). Khan et al. (2009) tested 41 Bangladeshi
isolates of X. oryzae pv. oryzae using the same set of
differentials and grouped them into 6 pathotypes.
Pathotypes 1 contained 33 isolates, 2 contained 3
isolates and pathotype 3 contained 2 isolates. Each of
pathotypes 4, 5 and 6 contained only one isolate. The
BB resistance gene showed 9.09 to 63.64% resistant
reaction to the isolates used by them. In the present
study, 8 pathotypes were identified. Among them 1SO3,
ISO4 and 1SO6 were most virulent. Among the
differentials IRBB13 (xal3) and IRBB10 (Xal0) were
susceptible to aimost al the tested isolates. In China,
xa5 and xal3 genes were found resistant to almost all
the isolates tested by Noda et al. (2001). It indicates

26 Bangladesh J. Plant Pathol.

that Bangladeshi isolates tested in the present
investigation are different from those in China (Li et al.
2008, Liu et al. 2007). The NIL IRBB21 (Xa2l) was
found resistant to all pathotypes tested in the present
study. IRBB5 and IRBB7 showed complete resistance
to al isolates, and IRBB2 and IRBB11 were
susceptible to all isolates in Vietnam, indicating that
Bangladeshi isolates are different from those in
Vietnam (Lai Van et al. 1999).

Based findings of te investigation it may be
concluded that wide variations exist in the populations
of X. oryzae pv. oryzae that cause bacterial blight of
rice in Bangladesh. There are at least 8 different
pathotypes in the populations of the BB pathogens
occur in the country. The isolate 1SO4, aong with
ISO3 and 1SO6, was the most virulent whereas
SO1showed the most avirulent pathotype. All isolates
were avirulent to only one differential, IRBB21 (Xa21)
tested in the present study.
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ABSTRACT

M. M. Rahman, M. A. Ali, M. U. Ahmad and T. K. Dey. 2013. Effect of tuber-borne inoculum of Rhizoctonia
solani on the development of stem canker and black scurf of potato. Bangladesh J. Plant Pathol.29 (1& 2):29-32.

An experiment was conducted to determine the effect of
level of Rhizoctonia solani infected seed tubers on
germination, plant growth and development of stem canker
and black scurf diseases of potato. The levels of infected
seed tubers tested in the experiment were 0, 5, 10, 20, 50,
and 100%. Germination, stem number per hill, plant
height, disease incidence and percent disease incidence
(PDI) under control (0% infected seed tuber) were 98.33%,
5.1, 60.58 cm, 18.33% and 7.29, respectively. At 5-100%
infected seed tubers, the three growth parameters
decreased to 86.33-94.08%, 4.43-4.70/hill, 54.33-59.55
cm, whereas DSI and PDI increased to 27.08-51.24% and
9.16-21.25, respectively. Decrease in growth parameters
and increase in DS as well as PDI were corroborated with

the levels of infected seed tubers. Planting 5-100% infected
seed tubers increased production of diseased tubers by
number as well as by weight compared 100% healthy seed
tubers (control). At 100% healthy seed, number of russet,
deformed and sclerotia bearing tubers were 8.25, 5.50 and
4.00/plot. Use of potato seeds mixed with 5-100% R.
solani infected tubers reduced the three parameters within
the range of 12.75-20.00, 9.75-17.00 and 90.50/plat,
respectively. The results revealed that increase in inoculum
level caused increased in infection on progeny tubers.
Number of russet, deformed and sclerotia bearing tubers
were higher when 100% infected tubers were sown. The
other levels of tuber-borne R. solani incoculum showed
low of infection.

K ey words: Rhizoctonia solani, stem canker, black scurf, potato, seed tuber

INTRODUCTION

Potato is the major vegetable crop in Bangladesh. It
also plays an important role for food security in the
country (Hashem 1990). The area under potato
cultivation is increasing year after year and farmers
are adopting it as a cash crop. During 2008-20009,
about 6.89 million tons of potato was produced from
0.46 million hectares of land with an average yield of
14.86 t/ha (Uddin et al. 2010). The national average
yield of potato is much lower as compared to other
potato growing countries like the Netherlands, where
the average potato yield is 41.3 t/ha (Chadha 1995,
Swaminathan 2000).

The major constraint of potato production in
Bangladesh is prevalence of epidemic diseases and
shortage of quality seed tuber. A total of 39 diseases
(both biotic and abiotic) of potato have been
recorded in the country (Ali and Khan 1990). The
major soil and tuber-borne diseases of potato are
black scurf and stem canker, bacterial wilt and
common scab. Among them stem canker and black
scurf caused by Rhizoctonia solani (Kuhn) is the
most common and widespread disease throughout
Bangladesh (Ali and Dey 1994).

Rhizoctonia solani infects the underground
stem and produces necrosis called stem canker,
whereas tuber infection produces symptoms on skin
in the form of black sclerotia called black scurf. The
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pathogen is also involved in the early dying
syndrome of potato plants (Kotcon et al. 1985).
Tuber-borne inocula act as the main source for
introducing the disease into the new areas (Wicks et
al. 1996). The highest level of inoculum causes the
highest infection resulting in maximum reduction in
plant growth and tuber yield (Rahman et al. 1996a).
So, it is essential to know the effect of tuber-borne
inoculum on disease development. The present study
was undertaken to determine the effect of inoculum
levels of seed tuber infected with R. solani on the
development of stem canker and black scurf of
potato.
MATERIALSAND METHODS

Healthy as well as R. solani infected seed tubers of a
susceptible variety, Diamant were collected from the
Breeder Seed Production Centre (BSPC) Debigan
under Panchagarh district. Both healthy and infected
potato seed tubers were mixed before planting at O,
5, 10, 20, 50 and 100% infected seed tubers. The
experiment was conducted at the Tuber Crops
Research Sub-Centre (TCRSC) of Bangladesh
Agricultural  Research  Ingitute (BARI), at
Chalopara, Bogra district during 2007-2008 potato
growing season. The experiment was laid out in a
randomized complete block design with four
replications. The unit plot size was 3 m x 3 m. Block
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to block and plot to plot distances were 100 cm and
50 cm, respectively. Row to row and tuber to tuber
distances were 60 cm and 25 cm, respectively.

Recommended doses of fertilizers and manure
were applied as suggested by Tuber Crops Research
Centre, BARI, Gazipur. Cowdung was incorporated
in the soil during land preparation at the rate of 10
t/ha. Urea, Triple super phosphate (TSP), Muriate of
potash (MOP), Gypsum, Zinc sulphate and Boric
acid were applied at the rate of 360, 220, 250, 120,
14 and 6 kg per hectare, respectively. Half of urea
and the entire amounts of TSP, MP, Gypsum, Zinc
sulphate and Boron were applied at the time of final
land preparation. Tubers were planted on 30
November, 2007. Rest half of urea was applied at 30
days after planting. Weeding was done at 25 and 50
days after planting. Earthing up was done at 30 days
after planting. Irrigation was applied at 25 and 45
days after planting. Dursban 50WP (Chloropyrifos)
@ 0.5% and Admire (Imidacloprid) @ 0.1% were
applied to control cutworm and aphid, respectively.
Secure (Pyriminamine) @ 0.1% was sprayed at 10
days intervals as preventive measure against late
blight of potato. The crop was harvested on 27"
February, 2008.

Data on germination, number of stems per
hill, plant height, disease incidence, percent disease
index (PDI), tuber infection and yield were recorded.
Data on disease incidence were recorded at 70 days
after planting. To collect data on disease incidence,
20 plants were uprooted carefully from each plot,
washed with tap water and checked for infection.
Number of infected and healthy plants was counted
in each plot and incidence percentage was calculated
based on total number of plants checked.

Disease severity was indexed on a 0-6 scale
(Dey 2010), where 0=No symptom on stolon,
1=Minute brown lesion on stolon or root,
2=Moderately brown lesion on stolon and curling
tendency on central leaf, 3=Stolon symptom
discolored accompanied by brown discoloration on
roots, 4=Brown to black discoloration on
underground parts, tissue discoloration and tissue
squeezed/curling of growing leaves, 5=Profuse

emergence of auxiliary leaves and leaf size reduced
markedly with pale green

margin, and 6=Production of aerial tubers with green
colour. The plants were checked individually and
categorized into different group according to the
indexing scale. The number of stem canker infected
plants under each grade was recorded and percent
disease index (PDI) was caculated using the
following formula:

Class frequency

PDI= X100

Number of plants assessed X highest score

Incidence of black scurf was recorded at
harvest. The black scurf infected tubers were
separated into three groups such as russet, deformed
and sclerotia (Chand and Logan 1982). The number
of tubers under each group was counted and the
respective weight was recorded. Number and weight
of healthy tubers of each plot was also recorded.

Data on different parameters were analyzed
using computer program MSTAT-C. Differences
among the treatment means were compared
following Duncan’s Multiple Range Test (DMRT).

RESULTSAND DISCUSSION

Germination, stem number per hill, plant height,
disease incidence (DSI) and percent disease
incidence (PDI) under control (0% infected seed
tubers) were 98.33%, 5.1, 60.58 cm, 18.33% and
7.29, respectively. At 5-100% infected seed tubers,
the three growth parameters decreased to 86.33-
94.08%, 4.43-4.70/hill, 54.33-59.55 cm, whereas the
two disease related parameters (DSI and PDI)
increased to 27.08-51.24% and 9.16-21.25,
respectively. Decrease in growth parameters and
increase in DSI as well as PDI were corroborated
with the levels of infected seed tubers. However,
decrease in germination and increase in DS| as well
as PDI were significant compared to control but
decrease in stem number per hill and plant height
were statistically similar at 5-100% infected seed
tubers (Table 1).

Tablel. Effect of tuber-borne inoculum levels of Rhizoctonia solani on germination, growth parameters and
disease incidence of potato

Tuber-borne Germination StenV/ hill Plant height  Diseaseincidence Disease severity
inocula (%) (%) (cm) (%) (PDI)

0 98.33a 5.10a 60.58 a 18.33e 7.29e

5 94.08 b 443 a 59.55a 27.08d 9.16d

10 90.49 ¢ 4.65a 58.25a 33.33¢ 12.08c

20 86.33d 4.83a 57.88a 38.33 bc 13.75¢c

50 84.99d 470 a 56.08 a 43.33b 16.87b

100 80.95e 448 a 54.33a 5l.24a 21.25a

M eans within the same column with a common letter(s) do not differ significantly (P=0.05).
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Planting 5-100% infected seed tubers
significantly increased production of diseased tubers
by number as well as by weight compared 100%
healthy seed tubers (control). At 100% healthy seed,
number of russet, deformed and sclerotia bearing
tubers were 8.25, 5.50 and 4.00/plot. Use of potato
seeds mixed with 5-100% R. solani infected tubers
reduced the three parameters within the range of
12.75-20.00, 9.75-17.00 and 90.50/plot, respectively.
Weight of russet, deformed and sclerotia bearing
tubers were 600.0, 515.0 and 200.0 g/plot under
control. All parameters decreased the three
parameters to 600.0-1370.0, 515.0-1200.0 and 200.0-
67.00 g/plot. The increase in number and weight of
deformed and sclerotia bearing tubers were
significant compared to control (100% healthy seed).
The highest number and weight of diseased tubers
were harvested from plots planted with 100%
infected seeds followed by 50 and 20% infected seed
tubers. The differences in production of diseased
tubers by number as well as weight at three higher
levels of infected seed tubers were significant with
the exception of weight of russet tuber at 100 and
50% infected seed tubers. The minimum increase in
diseased tubers having russet and deformed
symptoms and bearing sclerotia were harvested from
plots planted with 5% infected seed tubers followed
by 10% (Table 2).

The highest yield of 21.50 t/ha was harvested
from plots planted with 100% healthy seeds which
was statistically similar to the yield of the plots
planted with 5, 10 and 20% infected seed tubers. The
lowest yield of 17.50 t/ha was harvested from plots
planted with 50% infected seed tubers which was
statistically similar to the yield at 100% infected seed

tubers deformed and sclerotia bearing tubers. The
yield at two higher levels of infected seed tubers was
significantly lower compared to control (Table 2). It
was found that the tuber yield decreased gradually
with the increase in levels of infected seed tubers.
Their relationship was negative and linear (Fig. 1).

In the present investigation, the highest
germination, plant growth and lowest disease
incidence and percent disease incidence were
recorded from control (100% healthy seed tubers)
followed by infected seed tuber levels of 5 and 10%.
On the other hand, the lowest germination, plant
growth and highest disease incidence as well as
severity were recorded at 100% infected seed tubers
(Tables1 and 2).

The findings of the present investigation were
found to be similar to the findings of many other
researchers (Chand and Logan 1982, Read et al.
1989, Rahman et al. 1996a, 1996b, Naz et al. 2008).
They found that severity of stem canker and stolon
infection by R. solani increased with increasing
levels of R. solani inoculum. Inoculum levels
showed significant negative impact on germination
of seed tuber and plant height. The treatment having
higher level of tuber inocula significantly differed
from other treatments in the degree of tuber
infection. Read et al. (1989) reported that  high
inoculum levels caused severe infection with delay in
shoot growth and decrease in stem height and foliage
weight. Based on findings of the present study it may
be concluded that higher level of seed tuber-borne
inoculum of R. solani leads to increase in stem
canker and black scurf infection in the subsequent
crop resulting in decrease of tuber yield and quality
of potato.

Table 2. Influence of levels of infected Rhizoctonia solani seed tuber on germination, plant growth, yield and

disease incidence of potato

Tuber-borne Number of infected tubers/plot Weight of infected tuberg/plot (g) Yield (t/ha)
inocula (%) Russet Deformed Sclerotia Russet Deformed Sclerotia

0 8.25d 5.50d 4.00f 600.0c  515.0e 200.0f 2150a
5 12.75¢ 9.75¢ 18.00 e 900.0b  617.0d 1090.0 e 19.94 ab
10 13.75¢ 10.75¢ 24.75d 970.0b  820.0c 1170.0d 19.11 ab
20 14.45c 11.00c 4450 ¢ 998.0b  850.0c 3110.0¢ 18.86 ab
50 17.25b 15.00 b 60.50 b 1250.0a 920.0b 4320.0b 18.50 b
100 20.00a 17.00 a 90.50a 1370.0a 1200.0a 6700.0 a 17.59b

M eans within the same column with a common letter(s) do not differ significantly (P=0.05).
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ABSTRACT

M. G. Kibriaand I. H. Mian. 2013. Integrated application of insecticide and fungicide to control OkYVCMV
and Pseudocercospora leaf spot of okra seed crops. Bangladesh J. Plant Pathol. 29 (1& 2):33-38.

A field experiment was conducted to test the efficacy of
integrated application of pesticides to control Okra yellow
vein clearing mosaic virus (OkYVCMV) and Pseudo-
cercospora leaf spot caused by Pseudocercospora
abelmoschi (PLS) of okra seed crop, and to increase yield
and quality of okra seeds. All pesticidal treatments gave
considerable reduction over control in incidence of
OkYVCMYV, severity of PLS, and population of whitefly
(Bemisia tabaci). The reduction over control was 55.95,
43.33, 35.35 and 21.02% in OkYVCMV incidence and
89.18, 72.45, 62.36 and 31.52% in PLS due to treatments
T,= pre-sowing seed treatment with Gaucho 72 WS
(Imidacloprid) at 5 g/kg seed + soil treatment with Furadan
5G (Carbofuran) at 30 kg/ha)+ 4 foliar sprays with Admire

(Imidacloprid) a 1 mi/L+ 4 foliar sprays with Emivit 50
WP at 3 g/liter, T,=seed treatment with Gaucho 72 WS+ 4
foliar sprays with Admire + 4 foliar sprays with Emivit 50
WP, Ts=seed treatment with Gaucho 72 WS+ 4 foliar
sprays with Emivit 50 WP, and T,=seed treatment with
Gaucho 72 WS, respectively. Reduction in population of
whitefly due to the pesticidal treatments were 69.06, 58.39
and 17.78% at 30 days after sowing, and 73.90, 65.76 and
40.29% at 60 days after sowing. The treatments improved
plant growth, pod and seed yield and seed quality
considerably. The seed yield was increased by 133.22,
80.54, 6491 and 23.05% over control due to the
treatments. The best treatment was T, to control both
diseases and to improve yield and quality of seeds.

Key words: Okra, OkYVCMYV, Pseudocercospora leaf spot.

INTRODUCTION

Okra, aso known as lady’s finger (Abelmoschus
esculentus L.) is one of the popular vegetable crops
in Bangladesh. It is cultivated throughout the year
except 3-4 cool months. It suffers from a number of
diseases caused by fungi, bacteria, nematode and
viruses (Talukdar 1974, Fakinr 2000, Rangaswami
and Mahadevan 2006). Among them, Okra Yellow
Vein Clearing Mosaic Virus (OkYVCMV) and
Psudocercospora leaf spot (P. abelmoschi) are two
major diseases. OKYVCMYV infects at all growing
stages of okra causing severe reduction in plant
growth and yield. The disease is transmitted by the
vector whitefly (Bemisia tabaci). Plants infected at
early stages remain stunted. The fruits of the infected
plant exhibit pale yellow color, deformed, small and
tough in texture. Seeds of infected plants are smaller
and shriveled. If the plants are infected within 20
days after germination (DAG), the yield loss may be
up to 94%. Infection of plants at 50 and 60 DAG
may cause 84 and 49% vyield losses, respectively
(Sastry and Singh 1974).

Attempt was made by many researchers to control
the disease through insect vector control and found
that application of insecticide minimized whitefly
population and the incidence of OkYVCMYV (Pun et
al. 20053, 2005b, Gowdar et al. 2007). Significant
reduction in OKYVCMYV incidence and whitefly
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populations was achieved with foliar spray of Aceta-
miprid, Dimethoate, Imidacloprid, Meta-systox,
Monaocrotophos, Nuvacron, Thiamethoxam, Triazo
Ahmed et al. 2001, Misra 2005, Gowdar et al. 2007).
Pegticidal seed treatment with insecticide
(Imidacloprid) (Praveen et al. 2007) and soil
application of Carbofuran at the time of sowing are
effective measures to control OkYVCMYV through its
vector suppression (Murthy and Reddy 1992,
Praveen et al. 2007).

Pseudocercospora leaf spot (PLS) of okra
caused by Pseudocercospora abelmoschi is prevalent
in late summer and early winter. The disease may
cause severe problem in seed crop causing smaller
fruits and shriveled seeds. Spraying okra field with
500 g Zineb or Maneb suspended in 250 liters of
water at 15 days interval after the first appearance of
the symptoms proved effective for controlling
Pseudocercospora leaf blight disease. The best
control of P. abelmoschi was obtained from foliar
spray of Copper oxychloride, followed by
Carbendazim and Mancozeb. Carbendazim gave the
highest vyield increase, followed by Copper
Oxychloride and Mancozeb (Srivastava et al. 1992,
Rahman et al. 2000).

Both OkYVCMV and Pseudocercospora |eaf
spot are common in Bangladesh (Talukdar 1974).

These are considered as serious diseases of okra,
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especialy when it is grown in late summer.
Comprehensive research has not yet been accom-
plished in the country to find out effective control
methods against the diseases. Available literature
reveal that effective control of OkYVCMV and
Pseudocercospora leaf spot may be achieved
through vector control using insecticides and foliar
spray with fungicides, respectively. Integrated
application of the pesticides may give better control
compared to application of either insecticides or
fungicides. Present piece of research was conducted
to test the efficacy of integrated application of
insecticide and fungicide to control OkYVCMV and
Psuedocercospora leaf spot of okra.

MATERIALSAND METHODS

An experiment was conducted to test the efficacy of
three insecticides and a fungicide applied in an
integrated approach to control Okra Yellow Vein
Clearing Mosaic Virus (OkYVCMV) and
Psuedocercospora leaf spot (Pseudocercospora
abelmoschi) of okra. Three insecticides namely
Gaucho 72 WS (Imidacloprid), Furadan 5G
(Carbofuran) and Admire (Imidacloprid) were
applied to control OkYVCMYV through vector
control, and the fungicide Emivit 50 WP was used to
control  Psuedocercospora leaf spot. Individual
components of treatments in the present experiment
were: C, = Pre-sowing insecticidal seed treatment
with Gaucho 72 WS (Imidacloprid) @ 5 g/kg seed,
C, = Pre-sowing soil treatment with Furadan 5G
(Carbofuran) @ 30 kg/ha), C; = Four foliar sprays
with Admire (Imidacloprid) @ 1 ml/L, and C, = Four
foliar sprays with Emivit 50 WP @ 3 dlliter.
Spraying of Admire was started from 15 DAS and
continued for 4 times at 15 daysinterval. Furadan 5G
was applied in the furrows at sowing. Seeds were
treated with the insecticide just before sowing. Spray
of fungicide was started when symptoms of PLS
appeared and continued for 4 times with 7 days
interval. The integrated treatments, T,;= C;+ Co+ Cs+
Cs, To=was Ci+C+ Cy, To= Ci+ Cy and T,=Ci. An
additional treatment Ts was maintained which
received neither insecticide nor fungicide and served
as control.

The experiment was conducted in the
experimental farm of Bangabandhu Sheikh Mujibur
Rahman Agrilcultural  Univeristy (BSMRAU),
Gazipur during 2009. The experiment was laid out
following randomized complete block design with
three replications. The unit plot sizewas4.5m x 1.2
m. Drains of 50 cm width and 30 cm depth were dug
around each unit plot for maintaining isolation
distance as well as facilitating irrigation and drainage
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of excess water. The experimental field was prepared
properly for good tilth following standard practices
(Razzague et al. 2000). Fertilizers were applied @
50-24-30-10-1-0.5 kg of N-P-K-S-Zn-B per hectare,
respectively (Anon. 2005). Manure was applied as
cowdung at the rate of 4 t/ha. The entire quantity of
cowdung, P, K, S, Zn and B and half of N were
applied at the time of fina land preparation.
Remaining N was applied around the base of the
plant as top dressing and incorporated with soil at
3rd and 5th week after sowing. A previously selected
susceptible okra genotype was used in the
experiment. Seeds of the genotype were soaked in
tap water for 12 hours, air dried and treated with
Gaucho 72 WS, Treated seeds were sown in the field
maintaining plant to plant and row to row distances
of 60 and 50 cm, respectively. After 6 to 7 days of
germination, the seedlings were thinned to have one
plant per hill. If any seedling died within three weeks
of germination it was replaced by seedling of same
age raised in polyethylene bags (9 x 15 cm).
Irrigation was applied after each top dressing of urea
and whenever necessary. Every time, irrigation was
followed by mulching and weeding. Other necessary
intercultural operations were done throughout the
cropping season for proper growth and fruit
production (Razzague et al. 2000).

Data on incidence of OKYVCMV was
recorded on 60 days after sowing (DAS). Number of
diseased and healthy plants in each unit plot was
counted. Incidence of OkYVCMV was expressed in
percentage based on total number of plants checked.
The disease incidence (DI) was computed following
aformulaas shown below:

Number of infected plants

% DI = X 100

Total number of plants checked

Data on whitefly population was also
recorded. To count population of adult whitefly, five
plants were selected randomly from each unit plot
and 5 leaves were selected from each plant at
different nodal positions (one at the top, two in the
middle and two at the bottom). The counts were
taken in the morning when whiteflies are less active
as suggested by Basu (1995). Number of whitely per
leaf was counted at 30 and 60 DAS. Precaution was
taken not to disturb the insect at the time of counting.
Severity of Pseudocercospora leaf spot (PLS) was
indexed on a 0-8 scale as suggested by Rahman and
Nahar (1990) at 60 DAS. Percent Disease Index
(PDI) for the leaf spot was computed according to
the following formula as described by Mian (1995):

Sum of all disease ratings

PDI = X 100
Total number of leaves checked X maximum disease grade




Data on plant growth, seed yield, selected
yield contributing parameters, and seed quality were
aso recorded. Quality of seeds in terms of
germination, seedling growth and vigor index were
determined following methods of International Seed
Testing Association (ISTA) (Anon. 1996). Seedling
vigour was determined using a standard formula
(Baki and Anderson, 1972) viz.

Vigour Index = (mean root length + mean shoot
length) x percent emergence.

Fully ripened pods were collected from each of the
unit plot and seeds were separated from the pods, sun
dried and cleaned. Seed vyield per plant were
computed. Recorded data were subjected to
statistical analysis following standard procedure
(Gomez and Gomez 1984) using MSTAT-C
statistical software. Whenever necessary, data were
transformed using ArcSin transformation method
before performing analysis of variance.

RESULTSAND DISCUSSION
Incidence of OkYVCMV

Incidence of OKYVCMYV on okra seed crop varied
from 28.31 to 64.27% under different treatments
including control (T, to Ts). The highest incidence of
the disease was recorded from control plot. All
pesticidal treatments (T, to T,) caused significant
reduction in disease incidence over control. The
reduction over control was 55.95, 43.33, 35.35 and
21.02% respectively under treatments T,, T,, T 3 and
T4 (Tablel).

Severity of Pseudocercospora leaf spot (PLS)

The percent disease index (PDI) of PLS on okra in
plots under different treatments including control
ranged 5.64-52.12. The highest disease severity was
found under control. Like OkYVCMV, PDI of PLS
was also significantly reduced due to application
pesticidal treatments (T, to T4) compared to control.
The reductions over control were 89.18, 72.45, 62.36
and 31.52% under Ty, T,, T 3 and T 4 treated plots,
respectively (Table 1).

Population of whitefly

Average populations of whitefly on okra seed crop
ranged from 0.91-2.98 per leaf at 30 DAS and 1.25-
4.79 per leaf per plant at 60 DAS recorded on five
treatment approaches (T, to T,) including control
(Ts). Treatments T,, T, and T3 significantly reduced
the whitefly populations over control (Ts). The maxi-
mum reduction was achieved by T, treated plot
followed by T, and T3 showing 69.06, 58.39 and
17.78% reduction over control at 30 DAS, and 73.90,
65.76 and 40.29% at 60 DAS, respectively (Table 2).

Plant height and Fruit yield per plant

Plant height of the seed crop was 105.89, 97.90,
93.80, 90.01 and 84.12 cm found in the plots treated
with T, to Ts, respectively. All pesticidal treatment
increased plant height significantly over control. The
maximum increase was obtained in T, treated plot
followed by T,, T3 and T, treated ones (Table 3).

Number of fruits per plant under the T,, T 3,
T, and Ts was 16.11, 13.83, 13.15, 11.91 and 10.44,
respectively. Significant increase in fruit yield was
obtained with all the pesticidal treatments (T, to Ty).
Differences in number of fruit per plant were
significant (Table 3).

Seed number per fruit and per plant, seed yield,
seed size and Seed quality

All qualitative parameters of seeds in terms of
germination, seedling growth and seed vigor were
improved tremendously due to application of all
pesticidal treatments. The lowest number of seeds
per fruit was found in treated control plots (Ts). The
fruit number increased significantly over control due
to application of the treatments T, to T4 The highest
fruit yield was obtained from T; treated plot
followed by T, and T, treated plots showing 59.96,
56.39, 55.16 and 49.59 seeds per fruit. The lowest
seed number of 476.63 seeds per plant was harvested
from control plot. It was increased to 965.90, 779.81,
725.17 and 590.82 due to pesticidal treatments T,
To, T3 and T, respectively. The increase was
significant compared to control (Table 3).

Seed yield was 56.44, 43.69, 39.91, 31.23 and
2420 g/plant in plots treated with different
treatments (T,, T,, Ts and T,). Significantly the
highest seed yield was achieved with all pesticidal
treatments over control. The yield increasein Ty, T,
Tz and T, treated plots was 133.22, 80.54, 64.91 and
23.05%, respectively. Seed size in terms of 1000-
seed weight increased significantly over control (Ts)
due to four pesticidal treatments (Ti,- T,4). The
maximum increase in 1000-seed weight was
achieved with T followed by T,, T and T4 showing
1000-seed weight of 58.43, 56.03, 55.03 and 52.85 g,
respectively. (Table 4).

Shoot and root length and Seed vigour index

The root and shoot length ranged from 6.04-13.05
cm and 5.32-9.59 cm, respectively obtained in
different treated plots. Both the parameters were
significantly higher in all four pesticidal treated plot
compared to untreated control plot. The highest
shoot and root length were found in the plot treated
with T, followed by T,, T, T4 and Ts treated plots
(Table 5).
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Table 1. Influence of integrated pesticidal treatment on incidence of OkYVCMV and severity of

Pseudocercospora leaf spot (PLS) infecting okra seed crop at days after sowing

Pseudocercospora leaf

OkYVCMV spot
Treatment Incidence % Decrease % Decrease
PDI
(%) over control over control
T, = seed treatment + fungicide spray + 28.31d* 55.95 5.64d 89.18
insecticide spray + soil treatment (32.15)** (13.74)
T, = seed treatment + fungicide spray + 36.42c 43.33 14.36 ¢ 72.45
insecticide spray (37.12) (22.27)
T = seed treatment + fungicide spray 41.55c¢ 35.35 19.61c 62.36
(40.14) (26.28)
T, = seed treatment 50.76 b 21.02 35.69b 31.52
(45.44) (36.68)
Ts = Control 64.27 a - 5212 a -
(53.29) (46.22)

*Means within the same column having a common letter(s) are not significantly different (P=0.05).
**Figures within parentheses are ArcSin(X+1) transformed values.

Table 2. Influence of integrated pesticidal treatment on population of whitefly of okra seed crop

Population of whitefly at 30 Population of whitefly at 60

DAS DAS
Treatment Number per Number per
b % Reduction leaf per % Reduction
leaf per plant plant
T, = seed treatment + fungicide spray + 091c 69.46 125c¢ 73.90
insecticide spray + soil treatment
T, = seed treatment + fungicide spray + 124c 58.39 164c 65.76
insecticide spray
T = seed treatment + fungicide spray 245b 17.78 2.86b 40.29
T, = seed treatment 274 ab 8.05 3.82ab 20.25
Ts = Control 2.98a - 479a -

Means within the same column having a common letter(s) are not significantly different (P=0.05).

Table 3. Influence of integrated pesticidal treatment on plant height, number of fruit per plant, and number of

seed per fruit and per plant of okra seed crop

Treatment Plant height  Fruit per Seed per frit Seed number per
(cm) plant plant

T, = seed treatment + fungicide spray + 105.89 a 16.11a 59.96 a 965.90 a
insecticide spray + soil treatment

T, = seed treatment + fungicide spray + 97.90b 13.83b 56.39 ab 779.81b
insecticide spray

T = seed treatment + fungicide spray 93.80c 13.15b 55.16 b 725.17b

T, = seed treatment 90.10c 1191c 4959 c 590.82 ¢

Ts = Control 84.12d 10.44d 45.65d 476.63d

Means within the same column having a common letter(s) are not significantly different (P=0.05).
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The vigour of seedling raised from seeds
harvested from the plots of different treatment viz.,
Ty, Ty Ta T4 was 1838.09, 1513.17, 1239.34,
1075.88 and 732.61, respectively. The parameters
under all pesticidal treatments were significantly
higher compared to control (Ts). The highest
seedling vigour was found under the treatment T,
followed by T,, T, and T4 (Table 5).

BCR

Fruit yield per hectare varied ranged 6.38-10.79 tons
under five treatments. The BCR recorded under five
treatments including control ranged 1.39-1.84. The
highest fruit yield as well as BCR was obtained with
T, followed by T,, T3 and T,4. Effect of the treatments
on al parameters were not significantly different

(Table 6).
Results of the present study revea that pre-
sowing insecticidal seed treatment with Gaucho 72

WS (Imidacloprid) @ 5 g/kg seed, insecticidal soil
treatment with Furadan 5G (Carbofuran) @ 30
kg/ha) at sowing, 4 foliar insecticidal spray with
Admire (Imidacloprid) @ 1 ml/L and 4 foliar
fungicidal spray with Emivit 50 WP @ 3 g/liter
applied to okra seed crop in integrated approaches
gave dignificant decrease in incidence of
OkYVCMV, PLS, and population of whitefly
(Bemisia tabaci) over control. The treatments gave
significant improvement in plant growth, pod and
seed yield and seed quality. Chakraborty and
Mukhopadhyay (1977), Khan and Mukhopadhyay
(1985), Anju et al. (1993), Singh et al. (1998), Rana
et al. (2006) and Praveen et al. (2007) tested
insecticidal measures to control OkYVCMV and
found effective results. Rahman et al. (2000)
reported successful control of PLS with fungicidal
spray and obtained higher seed yield of okra. But
none of the investigator tested the control measures
in integrated approaches.

Table 4. Influence of integrated pesticidal treatment on okra seed crop influencing seed yield and seed size

Treatments Seed yield Seed yield increase 1000-Seed
(g/plot) over control (%) weight (g)
T, = seed treatment + fungicide spray + insecticide 56.44 a 133.22 58.43a
spray + soil treatment
T, = seed treatment + fungicide spray + insecticide 43.69b 80.54 56.03 b
Spray
T3 = seed treatment + fungicide spray 31.23c 23.05 52.85¢
T, = seed treatment 24.20d - 50.78d
Means within the same column having a common letter(s) are not significantly different (P=0.05).
Table 5. Influence of integrated pesticidal treatment on okra seed crop quality parameters of seed
Treatment % Germination ~ Shoot length  Root length  Seed vigour
(cm) (cm) index
T, = seed treatment + fungicide spray + 81.20a 13.05a 9.59a 1838.09 a
insecticide spray + soil treatment (64.30)
T, = seed treatment + fungicide spray + 7757b 1147 a 8.04b 1513.17b
insecticide spray (61.73)
T3 = seed treatment + fungicide spray 73.12c 9.74b 721c 1239.34 ¢
(58.77)
T, = seed treatment 69.51d 8.75b 6.73 cd 1075.88 d
(56.49)
Ts = Control 64.49e 6.04c 5.32d 73261e
(53.42)

Figures within parentheses are ArcSin(X+1) transformed values.
Means within the same column having a common letter(s) are not significantly different (P=0.05).
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Table 6. Influence of integrated application of three
insecticides and a fungicide against
OkYVCMV and Pseudocercospora leaf
spot of okra on benefit cost ration

5 <2 §9 85 #% 8
c =+ @ (@)
% % = § ﬁ f’;; St § Py
I 2
T, 10.79 161882 88106 73776 1.84
T, 9.44 141546 82785 58761 1.71
T3 8.74 131130 77571 53559 1.69
T, 7.82 117242 73029 44213 1.61
Ts 6.38 95728 68775 26953 1.39
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A survey was conducted in the district of Jessore, Kushtia,
Pabna and Rajshahi to identify and characterize Orobanche
species occurring in those locations of Bangladesh. Two
distinct species of Orobanche were found to occur in the
country. The first one was found to attack mustard,
cabbage and cauliflower, and the second one attacked
sunflower, tomato and tobacco. Orobanche sp. collected
from mustard showed higher shoot length, canopy
diameter, sepa number, petal length, ovary length, ovary
diameter, and style length. Flowers were with 2 bractlets,
calyx divided at the base posteriorly, and entire anteriorly,
stamen number was 4 (al equal), with wooly anthers. On

K ey words: Orobanche species, host range, survey.

the other hand, Orobanche sp. collected from tomato had
higher stem girth, leaf length, leaf width, sepal length,
stigma diameter and stamen length. Flowers were without
bractlets, calyx divided at the base anteriorly as well as
posteriorly, stamen number was 4 (2 longer than other 2),
with glabrous anthers. The morphological characters
clearly showed that the two Orobanche observed on two
hosts species were distinctly different species. The
morphologica characters were compared with a standard
key and Orobanche collected from mustard was identified
as O. aegyptiaca L. and the parasite attacking tomato was
identified as O. cernua L.

INTRODUCTION

Orobanche, commonly known as broomrape, is a
genus of parasitic flowering plants. It is a
holoparasite affecting several hundred crop species
including rapeseed-mustard, tobacco, potato, brinjal,
cabbage, cauliflower, turnip and many other
Solanaceous and Cruciferous plants (Musselman
1980). They lack chlorophyll and their leaves are
vestigial. Above-ground stems are produced only for
the purpose of flowering and setting seeds. After
ripening of the fruits, seeds of Orobanche shed in
soil, they undergo a conditioning period of several
weeks. After conditioning, seeds germinate in
response to host stimulant and radicle (germtube)
emerges. Germination is followed by haustorial
initiation, attachment of the host roots, and lastly
penetration of the vascular tissues (Musselman 1980,
Kreutz 1995).

Species of Orobanche are aggressive and
damaging parasitic weeds which have a tremendous
impact on agriculture causing considerable yield
losses, in many countries, especially in the drier and
warmer areas of Europe, Africa and Asia (Dhanapal
et al. 2009). The losses may vary from 5 to 100%
(Stewart and Press 1990). The average crop loss,
across all broomrape species, is approximately 34%
(Linke et al. 1989, Diaz et al. 2006).

A comprehensive review published in India
(Dhanapal et al. 2009) reveal that practicesto control
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broomrape include physical methods (weeding, soil
tillage, flooding, irrigation, polarization, flaming),
chemica methods (soil fumigation, herbicide
application, use of germination stimulants), bio-
logical methods (use of resistant or tolerant
varieties), cropping systems with trap and catch
crops, intercropping, and biological control (with

insects or fungi).

In Bangladesh, Orobanche attack different
crops. However, list of the susceptible crops are not
available in the country. At at least two species of the
pest namely O. aegyptiaca and O. cernua occur in
Bangladesh (Begum and Huq 1983). Comprehensive
report on crop loss due to the pest is not available in
the country. A recent hand book on agricultural
technologies published by Bangladesh Agricultural
Research Ingtitute reveals that Orobanche is a
common pest of mustard. In Bangladesh,
recommendations to control the pest include removal
of Orobanche plants before flowering, avoidance of
growing mustard in  known infested fields,
destruction of the weed with 2,4-D and use of
appropriate amount of TSP fertilizer (Islam et al.
2004). Alam et al. (2008) identified some resistant
germplasm of mustard in a screening test conducted
during 2007-2008.

The present paper reported the results of an
investigation conducted to characterize the species of
Oraobanche attacking crop plants in Bangladesh.
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MATERIALSAND METHODS

The investigation was conducted in the district of
Jessore, Kushtia, Pabna and Rgjshahi. Orobanche
infested fields of mustard, sunflower, tomato,
cabbage, cauliflower and tobacco were visited and
host range of the parasite was recorded. Apparently
healthy and matured Orobanche plants were
collected from each of the host crops. Canopy
diameter covered by Orobanche plants and growth
habit of shoot were recorded.

To collect data on plant characters, the
selected Orobanche plants were uprooted by digging
with a spade along with root systems of respective
hosts. They were washed with tap water carefully to
minimize root damage of host plants. Whole plants
and their individual parts were checked with naked
eyes or under a hand lens or using a compound
microscope according to necessity. Data on
characteristics of shoot, leaf, flower and fruit were
recorded.

For recording leaf characters, 20 fully open
leaves were selected randomly from the plants.
Lamina length from base attached with the stem to
the tip, lamina width at the widest point and lamina
shape were recorded.

A total of 20 fully open flowers were checked
and data on flowers types, flowers arrangement
(solitary or clustered), color of petals and anther,
number and length of sepal, petal and stamen, length
of style and ovary, diameter of stigma and ovary, and
shape and diameter of pollen were recorded.

RESULTSAND DISCUSSION
Orobanche and their hosts identified

During the invedtigation, mustard, sunflower,
tomato, cabbage, cauliflower and tobacco were
found to be infected with Orobanche. The
morphological appearance of the pests infecting
sunflower, tomato and tobacco was distinctly
different from the parasites that attacked mustard,
cabbage and cauliflower (Plate-lA&B). Morpho-
logical characters of stem, leaf and flowers recorded
during the investigation were compared with a
standard key and Orobanche from mustard family
was identified as Orobanche aegyptiaca L. and the
parasite infecting other crops was identified as
Orobanche cernua L (Lie Dang Shu 1998).

In mustard fields, O. aegyptiaca infected up to
100% host plants. In severe cases, infected host
plants died before maturation (Plate-1C). In infected
tomato fields, Orobanche shoot emerged in cluster
showing up to 42% host plants infection. Infected
tomato plants gradually died and weathered before
maturation of fruits (Plate-ID).
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Both O. aegyptiaca and O. cernua were found
to grow closed to the stem base or alittle far from it
depending on length of root systems of their hosts.
The shoot of O. cernua attacking tomato is robust as
compared to O. aegyptiaca that attacks mustard. The
appressorium of the Orobanche developed at the
base of stems was thicker on tomato than those
infecting mustard (Plate-lE&F). The number of
parasite shoots per sguare meter was higher in
mustard fields than tomato fields. It might be due to
the fact that the parasite attacking mustard has higher
tendency to branch than those of tomato.

Patrick and Miller (1994) also found similar
results. They reported that in some species (such as
O. aegyptiaca, O. ramosa) branching of the shoot is
normal, whereas in others (O. cernua, O. minor, O
crenata) branching israre.

Reports from various sources reveal that seeds
of Orobanche germinate in response to the host
stimulant and the radicle, also known as germtube,
emerges. If the radicle reaches the host root, its tip
thickens and attaches itself to root surface. The
thickening is known as appressorium. Finaly,
haustorium initiates from the appressorium, which
engulfs the host roots and penetrates the vascular
tissues of the host and makes parasitic relationship
with the host (Plate-llA&B). With this organ, the
parasite withdraws water, minerals and organic
compound from the hosts (Visser and Dorr 1986,
Stewart and Press 1990, Nun and Mayer 1993).

Morphology of Orobanche aegyptiaca

Plant: The canopy diameters of O. aegyptiaca in
mustard fields ranged 1.40-3.80 cm with a mean of
2.44 cm and standard deviation 0.65 cm. Stems were
erect, roundish, thinner, purplish white and glandular
pubescent. The shoots were branched above the
middle point but some were unbranched. They were
smooth having crowded leaves and flowers. The
plant height ranged 17.00-31.00 cm with a mean of
23.88 cm and standard deviation 3.71 cm. The range
of stem girth at the widest point was 1.00-2.00 cm
with a mean of 1.69 cm and standard deviation of
0.35cm (Tablel).

Leaf: The leaves were dlternate, acute, and
lanceolate. The base of leaves was wide and tip was
pointed. Stem under and around a leaf was light
greenish yellow. Leaf length ranged 0.60-1.10 cm
with a mean of 0.77 cm and standard deviation 0.15
cm. The maximum leaf width ranged 0.30-0.60 cm
with a mean of 0.41 and standard deviation 0.09 cm
(Plates |&11 and Table 1).

Flower: Flowering initiated in January and ended in
March. Inflorescence was spicate, bract ovate-
lanceolate, with 2 bractlets, flowers sub-sessile,
bisexual, aternate, axial and attached with the stem
at an acute angle (Plate 1&11). Calyx was campanu-



Plate-1. Photographs showing Orobanche aegyptiaca infecting mustard
(left) and O. cernua infecting tomato (right).
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Plate-1l. Haustoria of Orobanche engulfing host roots of mustard (A) and

tomato (B).

nulate with 4 sepals, divided at the base posteriorly,
entire anteriorly, light greenish yellow colour, sepa
length 0.80-1.20 cm with a mean of 1.01 cm and
standard deviation 0.16 cm. Corolla was funnel
shaped with five lobed petals, usually rounded, tip of
petal free and blue purple and purplish white along
the tube, petal length 1.50-2.00 cm with a mean of
1.73 cm and standard deviation 0.20 cm. Stigma
diameter ranged 0.10-0.20 cm with a mean of 0.12
cm and standard deviation 0.04 cm. Ovary was
bicarpelary with terminal single style, ovary length

ranged 0.40-0.80 cm with a mean of 0.65 cm and
standard deviation 0.14 cm, ovary diameter at widest
point ranged 0.25-0.40 cm with a mean of 0.35 cm
and standard deviation 0.05 cm. Number of stamens
was 4 (all equal), with wooly anthers, length ranged
0.60-0.80 cm with a mean of 0.70 cm and standard
deviation 0.08 cm. Style length ranged 0.05-0.60 cm
with a mean of 0.48 cm and standard deviation 0.04
cm. Pollen diameter ranged 6.24-10.92 um with a
mean of 8.05 pum. Pollen shape was round with
spines on the surface (Table 1).

Table 1. Measurements of different plant parts of Orobanche attacking mustard

Parameter Range Mean Standard deviation
Shoot height (cm) 17.00-31.00 23.88 371
Maximum stem girth (cm) 1.00-2.00 1.69 0.35
Maximum canopy diameter (cm) 1.40-3.80 2.44 0.65
Leaf length (cm) 0.60-1.10 0.77 0.15
Maximum leaf width (cm) 0.30-0.60 0.41 0.09
Number of sepals 4.00-4.00 4.00 0.00
Sepal length (cm) 0.80-1.20 1.01 0.16
Petal length (cm) 1.50-2.00 1.73 0.20
Stigma diameter (cm) 0.10-0.20 0.12 0.04
Ovary length (cm) 0.40-0.80 0.65 0.14
Ovary diameter (cm) 0.25-0.40 0.35 0.05
Stamen length (cm) 0.60-0.80 0.70 0.08
Style length (cm) 0.50-0.60 0.48 0.04
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Pollen diameter (um)

6.24-10.92 8.05 1.09

M orphology of Orobanche cernua

Plant: The stems were erect, robust, rigid, thicker,
light brown at immature stage, dark brown at mature
stage, glabrous near stem base or minutely pubescent
from middle upwards, and unbranched with crowded
leaves and flowers. The plant height ranged 14.00-
32.00 cm with a mean of 23.13 cm and standard
deviation 5.27 cm. Maximum stem girth ranged
1.70-4.00 cm with a mean of 3.26 cm and standard
deviation 0.85 cm, and the canopy diameters ranged
1.40-2.00 cm with a mean of 1.68 cm and standard
deviation 0.25 cm (Plate-111 and Table 2).

Leaf: The leaves were scale like, alternate, acute,
ovate-lanceolate along with bracts, bractlets and
cayx. The base of leaves was swollen due to
development of flower bud, and pointed tip. Leaf
length ranged 1.00-1.50 cm with a mean of 1.27 cm
and standard deviation 0.20 cm. The maximum leaf
width ranged 0.40-0.70 cm with a mean of 0.58 and
standard deviation 0.10 cm (Plate 111 and Table 2).

Flower: Flowering initiated in January and ended in
March. Inflorescence was spicate, bract ovate-
lanceolate, without bractlets, acuminate, flower

sub-sessile, bisexual, alternate, axial and attached
with the stem at an acute angle. Calyx was
campanulate with 2 distinct sepals, divided at the
base both anteriorly and posteriorly, greenish brown,
length 0.7-1.0 cm with a mean of 1.88 cm and
standard deviation 0.11 cm. Corolla was funnel
shaped with five lobed petals, usually rounded, tip of
petal free and white with blue tint at the tip, purplish
white along the tube, length 1.30-2.00 cm with a
mean of 1.68 cm and standard deviation 0.25 cm.
Stigma diameter ranged 0.10-0.20 cm with a mean of
0.16 cm and standard deviation 0.05 cm. Ovary was
bicarpelary with terminal single style, length ranged
0.30-0.70 cm with a mean of 0.57 cm and standard
deviation 0.13 cm, diameter 0.20-0.30 cm with a
mean of 0.27 cm and standard deviation 0.03 cm.
Number of stamens was 4 (2 longer than other 2),
length ranged 0.70 -0.90 cm with a mean of 0.81 cm
and standard deviation 0.07 cm. Style length ranged
0.04-0.50 cm with a mean of 0.48 cm and standard
deviation 0.04 cm. Pollen diameter ranged 7.80-
10.92 pm with a mean 9.05 pym and standard
deviation 1.57 pm. Pollen of O. cernua collected
from tomato was round (Plate |11 and Table 2).

Table 2. Measurements of different plant parts of Orobanche attacking tomato

Parameter Range Mean Standard deviation
Shoot height (cm) 14.00-32.0 23.13 5.27
Maximum stem girth (cm) 1.70-4.0 3.26 0.85
Maximum canopy diameter (cm) 1.40-2.0 1.68 0.25
Leaf length (cm) 1.00-1.5 127 0.20
Maximum leaf width (cm) 0.40-0.7 0.58 0.10
Number of sepals 2.00-2.0 2.00 -
Sepal length (cm) 0.70-1.0 1.88 0.11
Petal length (cm) 1.30-2.0 1.68 0.25
Stigma diameter (cm) 0.10-0.2 0.16 0.05
Ovary length (cm) 0.30-0.7 0.57 0.13
Ovary diameter (cm) 0.20-0.30 0.27 0.03
Stamen length (cm) 0.70-0.9 0.81 0.07
Style length (cm) 0.40-0.5 0.48 0.04
Pollen diameter (um) 7.80-10.92 9.05 157

Comparison of O. aegyptiaca and O. cernua

mustard showed higher shoot

length,

Morphological differences between two Orobanche
specimens collected from mustard and tomato are
shown in Table 3. Orobanche collected from

diameter, sepal number, petal length, ovary length,
ovary diameter, and style length. Flowers were with
2 bractlets, calyx divided at the base posteriorly, and
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entire anteriorly, stamen number was 4 (al equal),
with wooly anthers. On the other hand, Orobanche
collected from tomato had higher stem girth, leaf
length, leaf width, sepal length, stigma diameter and
stamen length. Flowers were without bractlets, calyx
divided at the base anteriorly as well as posteriorly,
stamen number was 4 (2 longer than other 2), with
glabrous anthers. The morphological characters
clearly showed that the two Orobanche observed on
two hosts species were distinctly different species.
The morphological characters were compared with a
standard key published in China for identifying them

Stem

up to species level (Lie Dang Shu 1998). According
to the key, Orobanche from mustard was identified
as Orobanche aegyptiaca L. and the parasite
attacking tomato was identified as Orobanche
cernua L. Previous reports published by Bangladesh
National Herbarium also reveal that Orobanche
aegyptiaca and Orobanche cernua occur in
Bangladesh (Begum and Hug 1983). The pests are
widely distributed in Southern Europe, Asia and
Africa. Orobanche aegyptiaca is aso known as O.
indica, and Phelipaea aegyptiaca (Musselman 1980,
1986).

Plate 111. Photograph showing stems, leaf, inflorescence, flowers and pollens of O.

aegyptiaca (left) and O. cernua (right)
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Table 3. Comparison of different morphological characters of O. aegyptiaca attacking mustard and O.
cernua attacking tomato

Parameter O. aegyptiaca O. cernua
host mustard host tomato
Shoot height (cm) 23.88+3.71 23.13+5.27
Maximum stem girth (cm) 1.69+0.35 3.26+0.85
Maximum canopy diameter (cm) 2.44+0.65 1.68+0.25
Leaf length (cm) 0.77+0.15 1.27+0.20
Maximum leaf width (cm) 0.41+0.09 0.58+0.10
Number of sepals 4.00+0.00 2.00+0.00
Sepal length (cm) 1.01+0.16 1.88+0.11
Petal length (cm) 1.73+0.02 1.68+0.25
Stigma diameter (cm) 0.12+0.04 0.16+0.05
Ovary length (cm) 0.65+0.14 0.57+£0.13
Ovary diameter (cm) 0.35+0.05 0.27+0.03
Stamen number 4 (al equal) 4 (2 longer)
Stamen length (cm) 0.70+0.08 0.81+0.07
Style length (cm) 0.48+0.04 0.48+0.04
Pollen diameter (um) 8.05+1.09 9.05+1.57
Flower With 2 braclets, Without braclet
Calyx Divided at the base Divided at the base
posteriorly, and entire  posteriorly and
anteriorly anteriorly
Stamen with wooly anther with glabrous anther
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