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ABSTRACT

K. Mustarin, P. K. Malaker, M. M. A. Reza, M. S. Hossain, M. A. Hakim, N. C. D. Barma, M. Mokhlesur Rahman,
R. Islam and M. Mahbubur Rahman. 2014. A survey to assess wheat rust incidence in Bangladesh during 2010-2011
wheat growing season. Bangladesh J. Plant Pathol. 30 (1&2): 1- 5.

A field survey was conducted in the major wheat growing
areas of Bangladesh during 2010-2011 wheat growing season
to assess the incidence of wheat rusts. Altogether 162
farmers’ fields and trial sites covering 26 districts and
experimental farms of Wheat Research Centre, Dinajpur,
Bangladesh were visited several times during the survey.
Among three rust diseases of wheat, incidence of stem or
yellow rust was not found but occurrence of leaf rust was
found with varying degrees of severity depending on wheat
variety and locations of survey. About 37% of the visited
fields were infected with leaf rust where the majority of
infected fields showed low (<20%) to moderate (20-40%)
levels of disease severity. The highest percentage of infected

fields was observed in Rajshahi region followed by Rangpur
and Mymensingh, while none of the fields was infected in
Tangail district under Dhaka region. The variety Kanchan
showed moderate levels of disease incidence and severity
with MSS type reaction, whereas low to moderate incidence
and severity with MSS type response were observed in
variety Prodip. The variety Shatabdi showed low disease
levels with MR type reaction in Rajshahi region but it was
free from the disease in other regions. The variety BARI
Gom-26 showed low disease levels with MRMS type
reaction. Three advanced lines BAW-1051, BAW-1120 and
BAW-1141, and varieties Bijoy and BARI Gom-25 were
completely free from rust.

Key words: Rust, incidence, wheat, survey

INTRODUCTION

Wheat (Triticum aestivum L.) is the second most
important cereal crop after rice in Bangladesh. It covers
about 400,000 ha annually with an average production
of one million tons (Anon. 2012). The current annual
requirement of wheat is about 4 million tons. One-third
of the requirement is met through local production. The
shortfall of about 3 million tons per year is met through
import from foreign countries. The rate of increase in
wheat consumption is about 3% per year and by 2020
the annual wheat requirement of the country will be
more than 5 million tons. Wheat Research Centre of
BARI has so far released 28 wheat varieties of which
Shatabdi, Bijoy, Prodip and BARI Gom-26 are
important producing about 4.0-4.5 t/ha in the farmers’
field (Uddin et al. 2012, 2013).

The major constraints of wheat production in
Bangladesh are attributed to competition with other
winter crops, inadequate crop management; late
planting due to late harvest of transplanted Aman
paddy and attack of various pests and diseases. Among
the diseases Bipolaris leaf blight or spot blotch
(Bipolaris sorokiniana) and leaf rust (Puccinia triticina
Eriks.) are the major problems(Malaker et al. 2007).
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(Malaker et al. 2007). Yield losses due to leaf rust are
usually limited but can be significant if a susceptible
variety is grown and infection occurs early in the crop
season. The disease appears almost every year in all
wheat growing areas of Bangladesh with varying
degrees of severity depending on varieties grown. The
disease usually appears in mid February and its
severity increases between mid and late March. Wheat
planted in optimum times (15-30 November), either
escapes the disease to a large extent or suffers less
compared to those planted in late season. Stem rust of
wheat caused by P. graminis Pers. f. sp. tritici Eriks. &
E. Henn. was a common disease during the early years
of wheat research and development in the country.
However, the disease has not been observed since mid
1980s, possibly due to introduction of several resistant
varieties. Yellow rust of wheat caused by P. striiformis
West. f. sp. tritici Eriks. & E. Henn. appears
occasionally in north-western parts of the country,
where relatively cooler climate prevails during the
winter months of wheat growing season.

Rust pathogens explicitly possess two major
characteristics. Firstly, they are highly mobile trans-
boundary fungi capable of rapid and long distance
movements even over continents, either by wind-
assisted or inadvertent human-mediated dissemination.
Secondly, rust pathogens have an inordinate ability to
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change and evolve through mutation or sexual
recombination (Waston 1981, Knott 1989, Park 2007).
A virulent race of stem rust fungus called Ug99 was
detected in Uganda in 1998 (Pretorius et al. 2000) and
subsequently found in epidemic proportions in Kenya
and Ethiopia. The race has knocked down many useful
resistance genes including Sr31 that were deployed in
90% of the wheat varieties grown worldwide (Singh et
al. 2008). Seven variants of the Ug99 lineage are now
known and have spread to various countries in the
eastern African highlands as well as Zimbabwe, South
Africa, Sudan, Yemen, and Iran (Singh et al. 2011).
The experts of Borlaug Global Rust Initiative (BGRI)
have predicted further movement of Ug99 and other
virulent strains to the important wheat production areas
of the Indian subcontinent and beyond (McIntosh and
Pretorius 2011). Appearance of new virulence in leaf
and yellow rust pathogens of wheat is also likely in
future, particularly under the changing crop climate.
Although none of the rusts has so far reached an
epidemic level in Bangladesh, but there is no guarantee
that damaging epidemics will not occur in future,
particularly if a virulent race develops or is introduced.
Therefore, regular survey and monitoring becomes
inevitable in order to identify signs of emergence of
virulent races of wheat rusts for mitigating their future
threats.

In view of the above facts, a survey was
conducted to assess the incidence of rust diseases in
major wheat growing areas of Bangladesh.

MATERIALS AND METHODS

The survey of wheat rusts was conducted in the major
wheat growing districts representing six regions of
Bangladesh during 2010-2011 seasons. One hundred
and sixty two farmers’ fields and trial sites were
selected from 26 districts under six wheat growing
regions of the country. The work was carried out
throughout Wheat Research Centre of Dinajpur,
Joydebpur, Jessore, Jamalpur, Rajshahi and Ishurdi.
Rust incidence at field level was recorded and severity
of infection was estimated following the modified
Cobb scale (Stubbs et al. 1986). The BGRI protocols
for wheat rust assessment (Anon. 2008) were used.

RESULTS AND DISCUSSION

Among 162 farmers’ fields and trial sites surveyed,
incidence of stem and yellow rusts were not found in
any location but leaf rust was observed in 60 fields that
accounts for 37% of all visited fields. The highest
percentage of infected field (64%) was recorded in
Rajshahi region, which was followed by Rangpur,
Mymensingh and Jessore region with 52%, 48% and
19% infected fields, respectively. The lowest
percentage of 3% leaf rust incidence was observed in
Barisal region. All of the fields visited in Tangail

district under Dhaka region were free from rust
incidence. However, the frequency and percentage of
field infection in different regions were largely
influenced by number of fields surveyed, time of
planting and varieties grown. Wheat planted in
November largely escaped or had less disease
incidence compared to late-sown crops. Fields planted
with varieties Prodip and Kanchan showed higher
percentages of leaf rust infection than those planted
with other varieties or advanced lines. Infection of
fields planted with Prodip and Kanchan was as high as
100% in Mymensingh and Rangpur regions. When
planted with BARI Gom-26 in Rangpur and Rajshahi
regions, 50% of the fields showed leaf rust infection,
while only 20% of the fields planted with Shatabdi was
infected in Rajshahi region and found disease free in
other regions. Fields planted with other varieties and
advanced lines were completely free from leaf rust
infection in all the regions. Severity of leaf rust
infection was found higher in north-western parts
compared to other wheat growing areas of the country
(Table 1).

Rust resistance genes present in Bangladeshi
wheat varieties observed during the present survey
were reported by Malaker and Reza (2011). Genes
detected in six varieties are presented in Table 2. A
total of six leaf rust resistance genes viz. Lr1, Lr10,
Lr13, Lr23, Lr26 and Lr34; five stem rust resistance
genes viz. Sr5, Sr8b, Sr9b, Sr11 and Sr31; and two
yellow rust resistance genes Yr2KS and Yr9, either
singly or in combination were identified in those
varieties. The gene Lr34, conferring adult plant slow
rusting resistance to leaf rust was identified on the
basis of conspicuous leaf tip necrosis developed under
field condition. In addition to the named genes, some
unidentified factors for resistance (+) were also
inferred in most of the varieties (Table 2).

Altogether six wheat varieties and three
advanced lines observed during the survey showed
different levels of leaf rust incidence and severity with
different types of disease reactions (Table 3). Among
the varieties, Kanchan released in 1983 and having the
genes Lr13+Lr23 showed moderate levels of incidence
and severity (20-40%) with MSS type reaction, while
Shatabdi released in 2000 and carrying the genes
Lr1+Lr13+ displayed low levels of disease (<20%)
with MR type reaction in Rajshahi region but it was
disease free in other regions. The variety Prodip
showed low to moderate disease levels with MSS
reaction, while only low disease severity with MRMS
response was recorded in variety BARI Gom-26.
Advanced lines BAW-1051, BAW-1120 and BAW-
1141, and variety Bijoy released in 2005 and BARI
Gom-25 released in 2010 and having the gene Lr13+
were completely free from leaf rust in all the regions
surveyed.
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Table 1. Leaf rust prevalence in different wheat growing regions of Bangladesh during 2010-2011

Wheat growing
regions

Districts
covered

Number of fields surveyed Leaf rust infected fields

Variety/Line Number
of fields

Frequency % Infected
fields

Rangpur Rangpur
Kurigram
Lalmanirhat
Dinajpur
Thakurgaon
Panchagarh

Kanchan 2 2 100
Shatabdi 6 0 0

Bijoy 4 0 0
Prodip 26 24 92

BARI Gom-25 2 0 0
BARI Gom-26 6 3 50

BAW-1120 6 0 0
BAW-1141, BAW-1051 2 0 0

Region total 6 9 56 29 52
Rajshahi Rajshahi

Natore
Naogaon
C. Nawabganj
Pabna
Sirajganj

Shatabdi 5 1 20
Bijoy 1 0 0
Prodip 15 13 87

BARI Gom-26 4 2 50

Region total 6 4 25 16 64
Mymensingh Mymensingh

Jamalpur
Sherpur
Netrakona
Kishoreganj

Shatabdi 2 0 0
Bijoy 6 0 0
Prodip 11 11 100

BARI Gom-26 4 0 0

Region total 5 4 23 11 48
Jessore Jessore

Magura
Meherpur

Shatabdi 5 0 0
Bijoy 4 0 0
Prodip 4 3 75

BARI Gom-25 1 0 0
BARI Gom-26 2 0 0

Region total 3 5 16 3 19
Barisal Barisal

Faridpur
Patuakhali
Barguna
Bhola

Shatabdi 7 0 0
Bijoy 5 0 0
Prodip 8 1 13

BARI Gom-25 6 0 0
BARI Gom-26 11 0 0

BAW-1120 1 0 0
Region total 5 6 38 1 3
Dhaka Tangail Bijoy 1 0 0

Prodip 2 0 0
BARI Gom-26 1 0 0

Region total 1 3 4 0 0
Grand Total 26 9 162 60 37

In the late 1980s and early to mid 1990s, the
variety ‘Columbus’ having the genes Lr13 and Lr16
was highly resistant to leaf rust in Canada. As the
frequency of isolates with virulence to Lr13 and Lr16
increased, the resistance conditioned by these genes
has been eroded (Kolmer and Liu 2002). The
pathotypes having matching virulence for genes Lr1,

Lr2a, Lr2c, Lr3, Lr10, Lr13, Lr14a, Lr15, Lr17 and
Lr23 were quite common in Bangladesh (Malaker et al.
2005). This also correlates with leaf rust infection on
the old cultivar Kanchan that showed moderate levels
of disease severity with MSS type reaction during the
present survey. The variety Prodip released in 2005 and
having genes Lr1+Lr26+ showed low to moderate
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levels of disease with MSS type reaction in all the
regions except Dhaka. The alien gene Lr26 (1BL/1RS
translocation) has been the most widely exploited
source of rust resistance in the world for developing
high yielding wheat cultivars (Malaker and Reza
2011). Nayar et al. (2001) reported that at least 10
pathotypes with matching virulence for Lr26 have been
identified in India between 1984 and 2001. Leaf rust
reaction and severity on Prodip in different wheat
growing areas indicates the presence of this type of
Lr26-virulent pathotypes in Bangladesh. The variety
BARI Gom-26 released in 2010 and having genes
Lr10+Lr13+Lr34+ exhibited low levels of disease
incidence and severity with MRMS type of reaction.

The resistance conferred by Lr34 is non-specific in
nature, since isolates that are fully virulent to this gene
have not yet been detected (Kolmer 1999, 2001). Adult
plant gene Lr34 along with some minor resistance
genes provides durable resistance to leaf rust in wheat
throughout the world (Kolmer 1996). Wheat materials
of Bangladesh have a narrow genetic base for resis-
tance to rust diseases. Cultivars with narrow genetic
base are unlikely to provide durable resistance and may
lead to vulnerability to new races of the rust pathogens.
This underlines the needs for field monitoring on a
wider scale and development of increased genetic
diversity with durable type of resistance in order to
mitigate the future threat of wheat rusts in Bangladesh.

Table 2. Rust resistance genes present in the wheat varieties of Bangladesh observed during 2010-2011

Variety
Postulated rust resistance genes

Lr gene Sr gene Yr gene
Kanchan Lr13+Lr23 R -

Shatabdi Lr1+Lr13+ Sr8b+Sr9b+Sr11+ Yr2KS

Bijoy - R -

Prodip Lr1+Lr26+ Sr5+Sr31+ Yr9+

BARI Gom-25 Lr13+ R -

BARI Gom-26 Lr10+Lr13+Lr34+ Sr8b+Sr9b+Sr11+ -

Genes were not postulated; RResistant to all Indian stem rust pathotypes; +Unidentified factors for resistance.
Source: Malaker and Reza (2011).

Table 3. Wheat varieties and advanced lines of Bangladesh with their reactions to leaf rust during 2010-2011

Variety/Line Year of release Incidence at field
level

Severity on infected
plants

Leaf rust reaction

Kanchan 1983 M M MSS

Shatabdi 2000 0-L L MR

Bijoy 2005 0 0 0

Prodip 2005 0-M L-M MSS

BARI Gom-25 2010 0 0 0

BARI Gom-26 2010 0-L L MRMS

BAW-1051 2011(Advanced) 0 0 0

BAW-1120 2011(Advanced) 0 0 0

BAW-1141 2011(Advanced) 0 0 0

L (low) = less than 20%; M (moderate) = 20-40%; H (high) = more than 40%
R = Resistant; MR = Moderately Resistant; MS = Moderately Susceptible; S = Susceptible; MSS = Moderately Susceptible + Susceptible;
MRMS = Moderately Resistant + Moderately Susceptible
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ABSTRACT

S. B. Jahan, M. A. Ali, S. Alam, Z. R. Moni and M. S. Mian. 2014. Evaluation of fungicides against Rhizoctonia
oryzae-sativae, the causal fungus of aggregate sheath spot of rice. Bangladesh J. Plant Pathol. 30(1&2): 7-12.

An in-vitro investigation was conducted to screen eight
fungicides against Rhizoctonia oryzae-sativae, the causal
fungus of aggregate sheath spot disease of rice. The
fungicides were Amistar top 325 SC (Azoxystrobin),
Carbendazim 50WC (Carbendazim), Differ 300EC
(Difeconazole-propiconazole), Folicur 250EW (Tebucona-
zole), Monceren 250SC (Pencycuron), Mancodazim
63%+12% (Mancozeb-Carbendazim), Nativo 75WG
(Trifloxystroin-Tebuconazole) and Propi 25EC (Propi-
conazole). Potato dextrose agar (PDA) was amended with the
fungicides at 0.00, 0.25, 0.50, 1.00, 10.00 and 100.00 ppm.

Amended PDA was poured into Petri dishes at 20 ml per dish
and inoculated with mycelia blocks of R. oryzae-sativae.
Rhizoctonia oryzae-sativae was found to be sensitive to all
the fungicides tested. Carbendazim showed strong activity
against the pathogen showing the lowest LD (lethal dose) 90
values (0.8 ppm) and LD 50 (0.1 ppm). Field trial was
conducted to test the efficacy of all fungicides to control
aggregate sheath spot of rice. Of them Carbendazim,
Tebuconazole and Trifloxystroin-tebuconazole significantly
reduced disease development and increased rice yield by
14.58, 11.88 and 9.79%, respectively.

Key words: Rhizoctonia oryzae-sativae, aggregate sheath spot, fungicides, rice

INTRODUCTION

Rice is the major food grain in Bangladesh. The
requirement of rice is increasing every year in the
country with the increasing population. In Bangladesh,
rice yield per hectare is about 3.0 tons which is very
low compared to global average (Anon. 2014). Low
production of rice per unit area is attributed to various
biotic and abiotic factors. Disease is one of the most
important factors for low yield of rice. Among different
diseases attacking rice, aggregate sheath spot caused by
Rhizoctonia oryzae-sativae (teleomorph Cerato-
basidium oryzae-sativae) is notable to cause
considerable reduction in yield (Ou 1985). Aggregate
sheath spot may cause 20% yield losses in Australia
and 4 to 9% in Uruguay (Lanoiselet et al. 2005). Its
incidence and severity began to increase with the
introduction of semi-dwarf rice cultivars in different
rice growing countries of the world (Gunnel and
Webster 1984).

Different methods of plant disease control
including chemical, physical, cultural measures are
recommended to control aggregate sheath spot of rice.
Globally chemical control represents the most widely
used practice to reduce yield loss caused by
Rhizoctonia spp. because no alternative satisfactory
method is available. In California, Azoxystrobin has
been registered for the control of rice aggregate sheath
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spot disease. In Australia, Pyraclostrobin tolclofos-
methyl and Propiconazole were found effective
fungicides for reducing mycelial growth of R. oryzae-
sativae in vitro and disease severity under field
conditions (Lanoiselet et al. 2005).

In Bangladesh, aggregate sheath spot was
observed first time in the research farm of Bangladesh
Rice Research Institute (BRRI) in both local and
modern cultivars (Shahjahan et al. 1988). Presently, the
disease is widely distributed throughout the country
(Ali and Archer 2004). Sharma (2002) found that the
growth of R. oryzae-sativae was completely inhibited
at 1 ppm in vitro due to amendment of medium with
fungicides.

The present piece of research was conducted to
evaluate efficacy of eight fungicides in-vitro and under
field condition to control R. oryzae-sativae isolated
from aggregate sheath spot infected rice sheaths.

MATERIALS AND METHODS

In-vitro evaluation of fungicides

Eight fungicides namely Amistar top 325SC

(Azoxystrobin), Carbendazim 50WC (Carbendazim),

Differ 300EC (Difeconazole-propiconazole), Folicur

250EW (Tebuconazole), Monceren 250SC (Pency-

curon), Mancodazim 63%+12% (Mancozeb-

Carbendazim), Nativo 75WG (Trifloxystroin-
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Tebuconazole) and Propi 25EC (Propiconazole) were

tested in the experiment. Each of the fungicides was

tested @ 0.00, 0.25, 0.50, 1.00, 10.00 and 100.00 ppm.

Independent experiment was conducted to test each

fungicide.
The test fungus, R. oryzae-sativae (Isolate MY-

1) was obtained from Plant Pathology Division, BRRI,
Gazipur. Poison food technique was followed in the
experiment using potato dextrose agar (PDA) as the
basal medium (Dhingra and Sinclair 1985, Ali and
Archer 2003). Stock solution of 1000 ppm concen-
tration was prepared in distilled water. Ingredients of
PDA (Dhingra and Sinclair 1985) were mixed in 500
ml distilled water in conical flasks and appropriate
quantity of stock solution was added to each flask to
have required concentrations of individual fungicides.
The mixture was thoroughly mixed and autoclaved at
120C under 0.80 kg/cm2 pressure for 15 min. The
amended PDA was dispensed into glass Petri dishes
(90 mm dia) at 20 ml per dish. Plates received PDA
without amendment served as control.

Five millimeter diameter mycelium blocks were
cut from actively growing zones of 3-day-old R.
oryzae-sativae culture which were used as inocula. The
inocula were placed at the center of PDA plate keeping
the up side down. The inoculated plates were arranged
on the laboratory desks of Plant Pathology Division,
BRRI, Gazipur. Three plates (replications) were used
for each treatment. The plates were incubated at room
temperature (30±2C). Diameter of colony of the fungus
in plates containing amended PDA was measured when
the mycelia in control plates reached the rim of the
Petri dishes. Percentage of mycelium growth inhibition
was computed based on colony diameter in control
Petri dishes using the following formula:
Growth inhibition (%) =(C-T)/C X 100, Where, C=
Growth of fungus in control plate, T = Growth of
fungus in treated plates.

Field evaluation of fungicides

Based on findings of the in vitro test, five fungicides
namely Carbendazim 50WC, Differ 300EC, Folicur
250EW, Nativo 75WG and Propiconazole 25EC were
selected for their field evaluation against aggregate
sheath spot during T. Aus seasons of 2012 and 2013 in
the Research Farm of BRRI, Gazipur. BRRI dhan 48
was used in the experiment. Carbendazim,
Propiconazole and Folicur were suspended in water at
0.90%. Suspension of Differ and Nativo was prepared
in water at 0.18 and 0.036%, respectively. The
experiment was laid out in randomized complete block
design with three replications and 3m x 2m unit plot
and plot to plot distance was 50 cm.

Seeds of variety BRRI dhan 48 were treated
with hot water at 52C for 20 min and soaked in plain
water for 24 hours for sprouting. Sprouted seeds were
sown in tray to raise seedlings. Thirty days old
seedlings were transplanted in the experimental plot at
3-4 seedlings per hill maintaining 15 cm x 20 cm
spacing. Pure culture of R. oryzae-sativae (Isolate MY-
1) was multiplied on PDA plate and incubated at
ambient temperature. After 7 days of incubation the
culture in a plate was divided into 8 equal sections,
which were used as inocula to inoculate test plants
according to Lanoiselet et al. (2001). For inoculation,
each portion of the PDA culture was inserted at the
base of each hill at maximum tillering stage. Nine hills
in the middle of each unit plot were inoculated. The
fungicides were suspended in water at required
concentration and sprayed twice at 7 days starting from
15 days after inoculation. Standard agronomic practices
were followed to grow the crop to maintain normal
growth of plants.

Data on infected and healthy tillers, plant height
and top most lesion height were recorded from which
incidence, relative lesion height (RLH) and severity
was computed according to Ahn et al. (1986) and
Yoshimura (1954) as described below:

Relative lesion height (RLH) (%) = (Lesion
height/Plant height) X 100.

Incidence (%) = Number of infected plant /
Number of total plant checked X 100.
Severity (%) = (3N1+ 2N2 + N3 + 0N4)/3N) X 100,
where N1= number of tillers with all four uppermost
infected sheaths; N2=number of tillers with the three
uppermost infected sheaths; N3=number of tillers with
the two uppermost infected sheaths and N4=number of
tillers with the four uppermost sheaths disease free.
The crops were harvested at 80% maturity. After
threshing, the grains were sun dried to have 14%
moisture content and grain yield per nine selected hills
was recorded. The grain was expressed in kilogram per
hectare. Sterility and thousand grain weight were also
recorded.

Data analysis

Standard errors of means of three replications (mycelial
inhibition) were calculated using computer software
Stata (version 12). The LD50 and LD90 values were
calculated using the software Origin 7.0. Data of field
trial were analyzed using MSTAT-C computer
program and mean separation was performed using
least significant difference (LSD) test.
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RESULTS AND DISCUSSION

In-vitro evaluation of fungicides

All fungicides at 0.10, 0.25, 0.50, 1.00, 10.00 and
100.00 ppm concentrations significantly (P=0.05)
inhibited radial colony diameter of R. oryzae-sativae
on amended PDA compared to control. The
effectiveness of every fungicide to inhibit colony
growth was corroborated with its dosage showing the
highest inhibition at the highest concentration and the
lowest at the lowest concentration. Differences in
growth inhibition at different concentrations of
Carbendazim, Differ, Folicur, Mancodazim, Nativo and
Propiconazole were significant. The growth inhibition
was 100% at 100, 10 and 1 ppm of Carbendazim, 100
and 10 ppm of Folicur and 100 ppm of Differ,
Mancodazim, Nativo and Propiconazole. Gowth
inhibition of 50.4-68.3, 32.9-98-4, 12.7-75.0, 13.5-
88.9, 28.6-98.2 and 27.8-921% was obtained with
Carbendazim, Differ, Folicur, Mancodazim, Nativo and
Propiconazole, respectively. The growth inhibition
ranged 12.3-54.4 and 16.7-94.1% at 0.1-100.00 ppm of
Amistar Top and Monceren, respectively (Table 1).

Carbendazim effectively inhibited the fungal
growth more than 50% at 0.1 ppm. It means the LD 50
(lethal dose 50) of the fungicide was 0.01 ppm. LD 50
of Nativo and Propiconazole was 0.40 ppm and that of
Folicur was 0.50 ppm. Similarly, LD 90 of
Carbendazim was the lowest at 0.8 ppm followed by
Folicur (0.9 ppm), Nativo (5 ppm) and Propiconazole
(8 ppm). LD 50 of Monceren was 14 ppm followed by
Mancodazim (2.1 ppm) and Differ (1.1 ppm). LD 90 of
Amistar top was 15 ppm and that of Differ was 13 ppm
(Fig. 1 and 2).

Field evaluation of fungicides

Results on the efficacy of five fungicides tested under
field conditions during T. Aus season of 2012 and 2013
to control aggregate leaf spot of rice are shown in
Tables 2 and 3.

In both years of experimentation, significantly
the highest relative lesion height (RLH), disease
incidence (DI), disease severity (DS) and grain
sterility, and the lowest thousand grain weight (TGW)
and grain yield were recorded from diseased control.
On the contrary, the lowest disease related parameters
and the highest yield related parameters were recorded
from healthy control.

Significant decrease in RLH, DI, DS and grain
sterility, and increase in TGW over diseased control
was achieved with the application of Carbendazim,
Differ, Folicur and Nativo. The most effective one was
Carbendazim followed by Folicur and Nativo to
decrease disease related parameters and to increase
grain yield significantly compared to control. Efficacy
of Folicur and Nativo was statistically similar and
significantly lower compared to Carbendazim.

Effectiveness of Differ and Propiconazole was almost
similar. Propiconazole was noted as the least effective
fungicide to control aggregate leaf spot. In general, DI,
RLH and DS were appreciably lower under all
treatments in 2013 than 2012 (Tables 2 and 3).

In the present investigation, R. oryzae sativae
reduced yield by 0.73 t/ha that counts to 13.44% in
diseased control compared to healthy control during
2012. Application of Carbendazim, Folicur and Nativo
increased rice yield by 10.63, 8.51 and 6.38%,
respectively over control. In 2013, rice yield was also
significantly affected by aggregate sheath spot disease.
Rhizoctonia oryzae sativae reduced yield of BRRI
dhan48 by 0.83 t/ha (14.74%) over healthy control.
Yield recovery in Differ and Propiconazole treatments
over disease control were not significantly different. In
contrast, Carbendazim, Folicur and Nativo increased
yield by 14.58, 11.88 and 9.79%, respectively over
control. The disease incidence, RLH and disease
severity were lower in 2013 compared to 2012.

Results of both in vitro and in vivo screening of
fungicides against R. oryzae sativae and aggregate
sheath spot disease caused by the fungus reveal that
Carbendazim, Folicur and Nativo are most effective for
controlling the disease. Effectiveness of fungicide
tested in the present investigation to inhibit mycelial
growth increased with increasing concentration from
0.1 to 100 ppm.  Similar results have been reported by
Lanoiselet et al. (2005). They found significant
reduction of R. oryzae-sativae growth when
concentration increased from 0.1 to10 µg/ml. Only
Carbendazim inhibited 100% mycelial growth at 1.0
ppm and higher concentrations used. Similar result
with Carbendazim was also reported by Sharma (2002)
based on an in vitro. Amister top (Azoxystrobin),
Monceren (Pencycuron) and Mancodazim were poorly
effective in vitro and excluded from field test. Poor
efficacy of Azoxystrobin on mycelial growth of R.
oryzae-sativae and R. solani has also been reported by
Lanoiselet et al. (2005) and Ali and Archer (2003). In
the present experiment, Differ and Propiconazole
showed better inhibition in vitro but did not perform
well in vivo in field test. The findings are in agreement
the findings of Carling et al. (1990) and Martin et al.
(1984a, 1984b).

Differ and Propiconazole though decreased
disease severity over control but yield was not increase
accordingly. Similar result was also found by
Lanoiselet et al. (2005). The maximum yield loss
caused by the disease was 14.74% (on BRRI dhan48 in
2013) that relates with the findings of Lanoiselet et al.
(2005) who found 20.30% yield loss in Australia.
Based on findings of the present investigation it may be
concluded that aggregate sheath spot disease causes
considerable yield loss and Carbendazim, Folicur or
Nativo may be recommended to control the disease and
to save yield loss. However, before final recom-
mendation benefit cost ration need to be determined.
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Table 1. Effect of different concentrations of eight fungicides on in vitro mycelial growth of R. oryzae-sativae

Fungicide
Radial colony diameter (mm) at different concentrations (ppm)

0.00
(Control)

0.10 0.25 0.50 1.00 10.00 100.00

Amistar Top 325 SC 84.00
70.00a

(16.70)b
69.33

(17.50)
68.67

(18.30)
25.67

(69.40)
21.67

(74.20)
5.00

(94.10)

Carbendazim 50WC 84.00
41.67

(50.40)
31.67

(62.30)
26.67

(68.30)
0.00

(100.0)
0.00

(100.00)
0.00

(100.00)

Differ 300EC 84.00
73.33

(12.70)
60.33

(28.20)
46.33

(44.90)
43.33

(48.40)
21.00

(75.00)
0.00

(100.00)

Folicur 250EW 84.00
56.33

(32.90)
52.00

(38.10)
44.67

(46.80)
1.33

(98.40)
0.00

(100.00)
0.00

(100.00)

Mancodazim 63%+12% 84.00
72.67

(13.50)
72.00

(14.30)
68.67

(18.30)
59.33

(29.40)
9.33

(88.90)
0.00

(100.00)

Monceren 250SC 84.00
73.67

(12.30)
72.67

(13.50)
72.33

(13.90)
57.00

(32.10)
41.67

(50.40)
38.33

(54.4)

Nativo 75WG 84.00
60.00

(28.60)
54.00

(35.70)
32.67

(61.10)
25.67

(69.40)
1.50

(98.20)
0.00

(100.00)

Propiconazole 25EC 84.00
60.67

(27.80)
59.00

(29.80)
33.67

(59.90)
26.00

(69.10)
6.67

(92.10)
0.00

(100.00)
aLSD (0.05) computed to compare among means of different treatments except control is 4.07, and LSD computed to
compare all means with the means of control is 3.73.

bFigures within parenthesis are % inhibition in radial colony diameter.

Table 2. Evaluation of fungicides against aggregate sheath spot disease of rice during T.Aus 2012

Treatment Relative
lesion
height

(RLH %)

Disease
index
(DI%)

Disease
Severity
(DS%)

Thousand
grain weight

(g)

Sterility
(%)

Yield
(t/h)

Carbendazim 10.92 D 38.89E
45.40D
(32.15)*

22.26 AB 21.02 D
5.2 B

(10.64)**

Differ 27.39 B 62.22B
59.57B
(10.97)

21.52 CD 27.31 AB
4.8 D
(2.13)

Folicur 15.01 C 52.27D
51.21C
(23.46)

21.92 BC 22.61 CD
5.1 BC
(8.51)

Nativo 17.15 C 55.56C
53.61C
(19.88)

21.85 BCD 25.58 BC
5.0 C
(6.38)

Propiconazole 28.14 B 64.44B
62.24B
(6.98)

21.24 DE 27.77 AB
4.7 D
(0.00)

Diseased Control 31.08 A 67.78A 66.91A 20.80 E 29.76 A 4.7 D

Healthy Control 7.82 E 6.67F 18.68E 22.58 A 20.53 D 5.43 A

In a column, means followed by the same letter are not significantly different (P= 0.05).
Values within parentheses are *% reduction in disease severity and **% increase in yield over diseased control.
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Table 3. Evaluation of fungicides against aggregate sheath spot disease of rice during T.Aus 2013

Treatment Relative
lesion height

(RLH %)

Disease
index (DI%)

Disease
Severity
(DS%)

Thousand
grain weight

(g)

Sterility
(%)

Yield (t/h)

Carbendazim 6.93 E 12.22 D 40.79 E
(38.14)

22.44 B 20.87 E 5.50 AB
(14.58)

Differ 18.63 C 53.33 B 55.53 B
(15.79)

21.80 D 26.01 BC 4.90 D
(2.08)

Folicur 12.69 D 34.44 C 51.11 C
(22.49)

22.17 C 22.40 DE 5.37 BC
(11.88)

Nativo 14.12 D 37.78 C 47.29D
(28.28)

22.09 C 23.56 CD 5.27 C
(9.79)

Propiconazole 27.74 B 58.89 A 58.17 B
(11.78)

21.37 E 26.50 AB 4.83 D
(0.62)

Diseased Control 30.98 A 61.11 A 65.94 A 21.02 F 28.95 A 4.80 D

Healthy Control 5.48 F 4.44 E 14.50 F 22.80 A 18.12 F 5.63 A
In a column, means followed by the same letter(s) are not significantly different (P=0.05).
Values within parentheses are percent *% reduction in disease severity and ** Perent increase in yield over control.
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ABSTRACT

M. S. M. Chowdhury, N. Sultana, G. Mostofa, B. Kundu and M. Rashid. 2014. Postharvest diseases of selected
fruits in the wholesale market of Dhaka. Bangladesh J. Plant Pathol. 30 (1&2): 13-16.

A survey was conducted in three wholesale fruit market in
Dhaka city during October 2012 to September 2013 to
record postharvest diseases of mango, guava, papaya and
jujube fruits collected from different parts of the country.
The highest incidence and severity of postharvest diseases
of the fruits were recorded in September, March, August
and March, whereas the lowest incidence and severity were
found in May, November, June and January, respectively.

The post harvest diseases recorded during the survey from
four fruits were anthracnose (Colletotrichum
gloeosporioides), Fusarium rot (Fusarium sp.), Rhizopus
rot (Rhizopus stolonifer), Aspergillus rot (Aspergillus
flavus), stem end rot (Botryodiplodia theobromae),
Stemphylium blight (Stemphylium sp.), scab (Pestalotiopsis
psidii), Alternaria fruit rot (Alternaria alternata) and
Phomopsis rot (Phomopsis sp.).

Key words: Post harvest diseases, fruits and wholesale market.

INTRODUCTION

In Bangladesh, different types fruits of diverse
origins are cultivated in the country. Bangladesh
produces 4.22 million tones of fruits annually from
0.15 million hectares of land (Anon. 2010). Mango,
banana, jackfruit, pineapple, papaya, litchi, jujube
and guava are the major fruits of the country, which
can contribute in the economy and nutrition sector
significantly (Rahim 2009). Approximately one third
of all fresh fruits and vegetables are lost before it
reaches consumers (Kader 2005). Estimated post-
harvest losses in fresh fruits and vegetables are 5 to
35% in developed countries and 20 to 50% in
developing countries (Kader 2002). Postharvest
decay is the main reason for limiting the extension of
storage and shelf life of fruits in Bangladesh. Main
factors responsible for postharvest loss of fresh fruits
are mechanical damage, spoilage by fungi, bacteria,
insects, other microorganisms and physiological
deterioration (Choudhury 2006). Mango, papaya
(Ploetz et al. 1994), guava (Hossain and Meah 1992,
Rahman et al. 2003) and jujube (Rai and Mamatha
2005) are attacked by a number of pathogens from
bloom to harvest and in storage which cause
considerably deteriorate the fruit quality. The post-
harvest pathogens like Colletotrichum gloeo-
sporioides, Botryodiplodia theo-bromae, Alternaria,
Phomopsis, Fusarium, Aspergillus, Stemphylium,
Pestalotiopsis attack the fruits from fruit set till
harvest and cause considerable damage to fruit
production and quality. The viable technologies need
to be developed to reduce such postharvest losses
caused by pre-harvest diseases. Before development
of any management strategy, it is necessary to
identify diseases.
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In view of the facts, a survey was conducted
to identify postharvest diseases of selected fruits
occur in wholesale market.

MATERIALS AND METHODS

Four majors fruits of Bangladesh namely mango,
papaya, guava and jujube were selected for the study.
The survey was conducted in wholesale markets of
Kawran Bazar, Zatrabari and Mirpur in Dhaka city
during October, 2012 to September, 2013. Fruits
were collected by the wholesaler from various parts
of the country. One thousand infected fruit samples
of each fruit were obtained from the wholesaler and
brought to the Disease Diagnostic Laboratory of Plant
Pathology Department, Sher-e-Bangla Agricultural
University, Dhaka. The specimens were checked
carefully and associated symptoms were recorded.
The diseases were identified based on associated
symptoms. Percentage of infected fruits was
computed based on total number of fruits collected
from the market according. Percent disease incidence
(Rai and Mamatha 2005) and disease severity
(Johnston 2000) were calculated using standard
formulae. The formulae are shown below:

Number of diseased fruit
Fruit infection % = ---------------------------------------X100

Total number of fruits checked

Number of diseased fruit in a consignment
Disease incidence% = ----------------------------------------------X100

Total number of fruits in same consignment

Diseased area of fruit surface
Disease severity % = ------------------------------------X100

Total area of fruits surface

The collected data were analylized statistically for
analysis of variance and means were compared using
MSTAT-C computer program.
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Causal fungi of the diseases were isolated and
identified. For isolation of causal organism(s), 10
specimens of each fruits having similar symptoms
were selected from collected samples from each
location and put in sterilized polythene bags. The
specimens were washed thoroughly under running
tap water, surface sterilized with 5.00% NaOCl
solution and rinsed in sterile water. The diseased
parts were cut into small pieces and placed on three
layers of moist blotting paper in a Petri dish and
another set was placed in Petri dishes containing
potato dextrose (PDA) medium. Both sets were
incubated in an incubator at 22±2C for 7 days under
12 hour /12 hour alternate cycles of near ultra violet
(NUV) light and darkness. After 8 days of
incubation, the fungi grown from the specimens were
transferred to PDA in Petri dishes and purified
following hypal tip culture method. The pure culture
was grown on PDA and identified based on the
colony character and morphological characters of
fruiting bodies, spores or conidia under a compound
microscope. The pathogens thus recorded were
identified following the keys of Mathur and
Kongsdal (2003).

RESULTS AND DISCUSSION

During the survey, different postharvest diseases of
fruit specimens collected from wholesale market of
Dhaka were identified. The frequently occurring
diseases were anthracnose (Colletotrichum
gloeosporioides), stem end rot (Botryodiplodia
theobromae) and Fusarium rot (Fusarium sp.) of
mango; anthracnose, Rhizopus rot (Rhizopus
stolonifer), Fusarium rot (Fusarium sp.), stem end
rot and Aspergillus rot (Rhizopus stolonifer) of
papaya; anthracnose and scab of guava; Phomopsis
rot, Stemphylium blight, Rhizopus rot, anthracnose
and Alternaria fruit rot of jujube. Nine pathogens
viz. Colletotrichum gloeosporioides, Fusarium sp.,
Rhizopus stolonifer, Aspergillus flavus, Botryo-
diplodia theobromae, Stemphylium sp., Pestalo-
tiopsis psidii, Alternaria alternata and Phomopsis sp.
were identified from collected fruits of mango,
papaya, guava and jujube (Table 1).

Incidence and severity of postharvest diseases of
mango: Incidence and severity of anthracnose stem
end rot and Fusarium rot of mango varied
appreciably from one month to another. In case of
anthracnose, the highest incidence and severity were
recorded in the month of September 2013 whereas
the lowest incidence and severity were recorded in
the month of May 2013. Incidence and severity were
the maximal in the month of September, 2013
whereas the lowest incidence and severity were
found in the month of May 2013. In case of
Fusarium rot the highest incidence and severity were
observed in September 2013 and the lowest
incidence was recorded in the month of June 2013

and the lowest severity was recorded in the month of
May 2013 which was statistically similar to of July
2013 (Table 2).

Incidence and severity of postharvest diseases of
papaya: Incidence and severity of anthracnose,
Rhizopus rot, Fusarium rot, stem end rot and
Aspergillus rot of papaya varied considerably from
one month to of March followed by February 2013.
The incidence and severity recorded in the month of
February were significantly higher compared to other
months except March 2013. Their lowest incidence
as well as was found in the month of November
followed by December 2012 (Table 3).

Table 1. Postharvest diseases of mango, papaya,
guava and jujube collected from wholesale
markets of Dhaka city

Fruits Name of
diseases

Causal fungi

Mango Anthracnose Colletotrichum
gloeosporioides

Stem end rot Botryodiplodia
theobromae

Fusarium rot Fusarium sp.
Papaya Anthracnose Colletotrichum

gloeosporioides
Rhizopus rot Rhizopus stolonifer
Fusarium rot Fusarium sp.
Stem end rot Botryodiplodia

theobromae
Aspergillus rot Aspergillus sp.

Guava Anthracnose Colletotrichum
gloeosporioides

Scab Pestalotiopsis psidii
Jujube Phomopsis rot Phomopsis sp.

Stemphylium
Blight

Stemphylium sp.

Rhizopus rot Rhizopus stolonifer

Anthracnose Colletotrichum
gloeosporioides

Alternaria fruit
rot

Alternaria alternate

Incidence and severity of postharvest diseases of
guava: The highest incidence and severity of
anthracnose and scab of guava were the maximal in
the month of August followed by July and June
2013. Incidence anthracnose recorded in the month
of June and July was statistically similar but
significantly higher compared to August. Severity of
anthracnose and incidence as well as severity of scab
varied significantly from one month to another
(Table 4).
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Incidence and severity of postharvest diseases of
jujube: The highest incidence and severity of
Phomopsis rot, Stemphylium blight, Rhizopus rot,
anthracnose and Alternaria fruit rot were recorded in
the month of March followed by February and
January 2013. Their differences were significant
from one month to another except incidence of
anthracnose which was statistically similar in the
month of January and February (Table 5).

Fruit species under study had considerable
amount of infection by pathogens viz.
Colletotrichum gloeosporioides, Fusarium sp.,
Rhizopus stolonifer, Aspergillus flavus, Botryo-
diplodia theobromae, Stemphylium sp.,
Pestalotiopsis psidii, Phomopsis sp. and Alternaria

alternata. This is no doubt an alarming situation for
the economy of the country. Although chemicals are
effective to reduce the incidence of postharvest
diseases, this method is discouraged or even
discarded in recent years due to economic, environ-
ment and health concerns.  Interest in heat treatments
waned with the development of chemical fumigants,
which could be applied cheaply and easily. Similar
diseases have also been recorded by other investi-
gators. Dey et al. (2007) reported that anthracnose,
stem end rot and fruit rot are common and
destructive diseases of fruits in Bangladesh.
Anthracnose was recognized as the most important
postharvest fruit disease in the country (Rahman et
al. 2003, Awasthi et al. 2005).

Table 2. Month wise incidence and severity of postharvest diseases of mango in wholesale market of Dhaka
during May to September 2013

Month
Anthracnose Stem end rot Fusarium rot

Incidence (%) Severity (%) Incidence (%) Severity
(%)

Incidence (%) Severity (%)

May 21.0c 20.0c 11.0c 14.0c 13.0b 13.0d
Jun 21.0c 22.0c 12.0c 18.0b 11.0c 15.0c
July 24.0c 22.0c 13.0c 18.0b 14.0b 13.0d
August 28.0b 25.0b 16.0b 19.0b 14.0b 18.0b
September 33.0a 32.0a 21.0a 31.0a 19.0a 26.0a

Values within the same column having a common letter(s) do not differ significantly (P=0.05).

Table 3. Month wise incidence and severity of postharvest diseases of papaya recorded from wholesale market
of Dhaka during November 2012 to March 2013.

Month
Anthracnose Rhizopus rot Fusarium rot Stem end rot Aspergillus rot

Incidence
(%

)

S
everity

(%
)

Incidence
(%

)

S
everity

(%
)

Incidence
(%

)

S
everity

(%
)

Incidence
(%

)

S
everity

(%
)

Incidence
(%

)

S
everity

(%
)

November 10.0d 15.0c 15.0d 20.0d 12.0d 14.0c 8.0e 11.0d 5.0d 6.0e
December 12.0c 17.0c 18.0c 22.0c 12.0d 14.0c 9.0d 12.0c 5.0d 7.0d
January 12.0c 17.0c 18.0c 22.0c 13.0c 14.0c 10.0 c 12.0c 6.0c 8.0c
February 15.0b 20.0b 20.0b 25.0b 15.0b 17.0b 12.0 b 15.0b 8.0b 10.0b
March 22.0a 30.0a 25.0a 32.0a 20.0a 23.0 15.0 a 18.0a 10.0a 15.0a

Values within the same column with a common letter(s) do not differ significantly (P0.05).

Table 4. Month wise incidence and severity of postharvest diseases of guava recorded from wholesale market of
Dhaka during June to August 2013

Month Anthracnose Scab
Incidence (%) Severity (%) Incidence (%) Severity (%)

June 3.0b 4.0c 11.0c 8.0c
July 4.0b 6.0b 16.0b 19.0b
August 11.0a 9.0a 21.0a 31.0a

Values within the same column with a common letter(s) do not differ significantly (P=0.05).
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Table 5. Incidence and severity of diseases of jujube in wholesale market of during January to March 2013.

Month Phomopsis rot Stemphylium blight Rhizopus rot Anthracnose Alternaria fruit
rot

Incidence
(%

)

S
everity
(%

)

Incidence
(%

)

S
everity
(%

)

Incidence
(%

)

S
everity
(%

)

Incidence
(%

)

S
everity
(%

)

Incidence
(%

)

S
everity
(%

)

January 8.0c 5.0c 6.0c 5.0c 5.0c 6.0c 2.0b 3.0c 10.0c 7.0c
February 10.0b 7.0b 8.0b 8.0b 8.0b 8.0b 3.0b 5.0b 15.0b 20.0b
March 15.0a 20.0a 10.0a 12.0a 12.0a 15.0a 10.0a 8.0a 20.0a 30.0a

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

N. Khatun, I. Hossain and P. Dey. 2014. Health and quality of vegetable seeds grown in northern Bangladesh.
Bangladesh J. Plant Pathol. 30(1&2):17-22.

Seed health and quality status of laffa (Malva
verticillata), mustard (Brassica spp.), Indian spinach
(Basella alba), jute (Corchorus capsularis), red
amaranth (Amaranthus tricolor), swamp cabbage
(Ipomoea aquatica), spinach (Beta vulgaris var.
Bengalensis), cabbage (Brassica oleracea var.
capitata), amaranth (Amaranthus gangetica), snake
gourd (Trichosanthes anguina), cucumber var. khira
(Cucumis sativus), cucumber var. shosa (Cucumis
sativus), bottle gourd (Lagenaria siceraria), wax gourd
(Benincasa hispida), sweet gourd (Cucurbita
moschata), bitter gourd (Momordica charantia), ridge
gourd (Luffa acutangula), radish (Raphanus sativus),
carrot (Daucus carrota var. sativa), yard long bean
(Vigna unguiculata), tomato (Lycopersicon esculentum
L.), brinjal (Solanum melongena), cauliflower

(Brassica oleracea var. Botrytis) and bean (Phaseolus
vulgaris) grown in northern part of Bangladesh were
tested. A total of ten seed-borne fungi were found to be
associated with their seeds. The seed-borne fungi
detected in the test were Alternaria spp., Aspergillus
flavus, Aspergillus niger, Curvularia spp., Fusarium
oxysporum, Fusarium moniliforme, Penicillium spp.,
Phoma spp., Chaetomium spp. and Rhizopus spp. Total
seed-borne fungal infection was the highest in bean
seed (159%) and the lowest in brinjal (3.5%).
Germination of seeds ranged from 11 to 92% showing
the highest germination in cucumber var. khira and the
lowest in cabbage. Among the seed samples of 24
vegetables, the highest seedling vigor was found in
snake gourd (3030.3) followed by bean (2433.4) and
the lowest in cabbage (78.43).

Key words: Vegetable seed, seed health, germination, seedling vigour.

INTRODUCTION

Vegetables constitute an important group of crops in
Bangladesh. Area under vegetables during 2010-11
was 298,380 hectares and total production was 105.68
million metric tons (Anon. 2012). Vegetables are
important sources of vitamins like A, C, niacin,
riboflavin and thiamine, and minerals such as calcium
and iron. They contribute to intake of essential
nutrients from other foods by making them more
palatable. They provide dietary fiber necessary for
digestion, and they are essential to maintain health and
cure nutritional disorders (Mandol 2013).

In Bangladesh, production and availability of
vegetables are not uniform round the year.
Availability is plenty in winter but less available in
summer. Bangladesh mainly produces two kinds of
vegetables, namely, summer vegetables (brinjal,
cucumber, pointed gourd, teasel gourd, Indian
spinach, bitter gourd, etc.) and winter vegetables
(cabbage, cauliflower, tomato, etc.) (Anon. 2012).
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Among the agricultural inputs, seed is the
most vital one. Healthy seeds are considered as the
vital factor for desired plant population and good
harvest. Seeds of vegetables are more vulnerable to
the attack by pathogens and quickly deteriorate in
storage. About 200 different seed-borne pathogens
including more than 100 fungi have been reported to
cause diseases in different vegetable crops in the world
(Richardson 1990). Sultana (2009) estimated eight
seed-borne fungi associated with the seeds of bottle
gourd, sweet gourd, snake gourd, ridge gourd,
cucumber, wax gourd and sponge gourd collected
from Bangladesh Agricultural Development
Corporation, a public seed producing organization,
and private seed company. She found that Aspergillus
spp. was highly prevalent in all the vegetable seeds
ranging from 1.6-14%. A total of 18 seed-borne fungal
pathogens have been reported from the seeds of those
crops (Richardson 1990, Fakir et al. 1991, Islam 2005).
Sowing of high quality healthy seeds is necessary to
improve crop yields thus increasing food
production. So, it is important to test the seeds for
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disease organism before sowing. A substantial
quantity of vegetable is grown in the northern part of
Bangladesh, and therefore, information about health of
vegetable seeds used by farmers of this region is
crucial.

The present research project was undertaken to
assess the health and quality of vegetable seeds
collected from the northern part of Bangladesh.

MATERIALS AND METHODS

Collection of seed samples: Seeds of laffa (Malva
verticillata), mustard (Brassica spp.), Indian spinach
(Basella alba), jute (Corchorus capsularis), red
amaranth (Amaranthus tricolor), swamp cabbage
(Ipomoea aquatica), spinach (Beta vulgaris var.
Bengalensis), cabbage (Brassica oleracea var.
Capitata), amaranth (Amaranthus gangetica), snake
gourd (Trichosanthes anguina), cucumber var. khira
(Cucumis sativus), cucumber var. shosa (Cucumis
sativus), bottle gourd (Lagenaria siceraria), wax
gourd (Benincasa hispida), sweet gourd (Cucurbita
moschata), bitter gourd (Momordica charantia), ridge
gourd (Luffa acutangula), radish (Raphanus sativus),
carrot (Daucus carrota var. Sativa), yard long bean
(Vigna unguiculata), tomato (Lycopersicon
esculentum), brinjal (Solanum melongena),
cauliflower (Brassica oleracea var. Botrytis) and bean
(Phaseolus vulgaris) were collected from northern
regions of Bangladesh. The vegetables were grown in
those areas and seeds were stored under farmers’
conditions. Seed samples were obtained from the
farmers just at sowing time. Collected seeds were
poured in polyethylene bags and stored in a
refrigerator at 4C.

Detection of seed-borne fungal pathogen: Working
samples of 200 seeds of each crop were taken from the
refrigerator and used for detection of seed-borne
fungi. Standard blotter method as suggested by
International Seed Testing Association (ISTA) was
followed to detect seed-borne plant pathogenic fungi
associated with the collected seeds (Anon. 1996).
Working seed samples were surface sterilized in 1%
chlorox for 5 minutes, rinsed in sterilized water for
three times and plated on blotter in 90 mm glass Petri
dishes. Each Petri dish received 10 to 25 seeds
depending on seed size. After 10 days of incubation,
fungi grown on the seeds were isolated and identified
based on morphological characters observed under
binocular compound microscope (Mathur et al. 1975).

Germination test: Standard procedure suggested by
ISTA was followed for testing seed germination.
Substrates, temperature and duration of test were the
same as recommended by ISTA (Anon. 1976).
Working samples of 400 seeds were used for
germination test.

Seedling vigor test: The vigor of the seedlings was
determined following the formula suggested by Baki
and Anderson (1972) as shown below:

Vigor Index= (mean root length + mean shoot length)
× percent seed germination

Experimental design and data analysis: All
experiments were conducted in the laboratory of Seed
Pathology Centre, Bangladesh Agricultural
University, Mymensingh during the period from 2010
to 2011. The experiments were laid out following a
completely randomized design with sufficient number
of replicated plates.

Data were analyzed using MSTAT-C computer
program. Analysis of variance and level of
significance were done following Gomez and Gomez
(1984). Mean differences were judged using Duncan’s
multiple range test.

RESULTS AND DISCUSSION

Prevalence of seed-borne fungi in leafy vegetable
seeds: Prevalence of Alternaria spp., Aspergillus
flavus, A. niger, Curvularia spp., F. oxysporum, F.
moniliforme, Penicillium spp., Phoma spp., and
Rhizopus spp. were 0.0-26.5, 0.0-12.0, 0.0-11.0, 0.0-
10.0, 2.0-16.0, 1.0-26.5, 0.0-18.0, 0.0-2.0 and 0.0-
20.0, respectively in seeds of different leafy
vegetables. Alternaria spp. was found only in seeds of
Indian spinach, red amaranth and laffa with the
prevalence of 5.5, 1.0 and 0.5%, respectively.
Aspergillus flavus was found in seeds of swamp
cabbage, red amaranth, Indian spinach and laffa
showing 12.0, 3.5, 1.0 and 1.0% prevalence,
respectively. The maximum prevalence of A. niger
was found in Indian spinach followed by swamp
cabbage, amaranth and red amaranth. Seeds of other
leafy vegetables were free from this fungus.
Curvularia spp. was found in seeds of spinach, Indian
spinach and amaranth at the prevalence of 10.0, 1.0
and 1.0%, respectively. Occurrences of two species of
Fusarium were recorded from seeds of all leafy
vegetables. In case of F. oxysporum, the maximum
prevalence of 16.0% was observed in laffa followed
by Indian spinach and spinach. The lowest prevalence
of 2.0% was observed in red amaranth and amaranth.
The maximum prevalence of F. moniliforme was
recorded from seeds of Indian spinach and minimum
was found in cabbage and amaranth seeds. The
highest prevalence of Penicillium spp. was recorded in
swamp cabbage but no prevalence of this fungus was
recorded in laffa and jute seeds. The prevalence of
Phoma spp. was recorded only in spinach. In case of
Rhizopus spp., the prevalence was the highest in
Indian spinach but the seeds of mustard, jute, red
amaranth, swamp cabbage, spinach, cabbage and
amaranth were free from this fungus (Table 1).
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Table 1. Prevalence of seed-borne fungi on seeds of nine vegetables collected from northern region of Bangladesh

Seed-borne prevalence of fungi varied with the
variation in types of cucurbitaceous vegetables. Only
3% seeds of snake gourd and cucumber var. shosa
yielded Alternaria. Seeds of other cucurbits were free
from the fungus. In case of A. flavus, the maximum
prevalence was found in bitter gourd followed by bottle
gourd. The lowest prevalence was found in seeds of
snake gourd. Other cucurbitaceous vegetables were
free from A. flavus. The maximum prevalence of A.
niger was recorded from bitter gourd seeds followed by
snake gourd, ridge gourd and sweet gourd. Seeds of
other four cucurbits were free from the fungus. The
occurrence of Curvularia spp. was found only in seeds
of cucumber var. shosa and cucumber var. khira. The
prevalence of F. oxysporum was recorded from seeds
of all of the cucurbits within the range of 0.5-13.0%.
The highest prevalence was found in snake gourd and
bottle gourd and the lowest in cucumber var. khira
seeds. Seeds of cucumber var. khira, cucumber var.
shosa and bitter gourd were free of F. moniliformae. Its
prevalence was 9.0-40.0% in seeds of other cucurbits
with the maximum in snake gourd and minimum in
sweet gourd. Except cucumber var khira, 2.0-24.0%
seeds of cucurbitaceous vegetables yielded Penicillium
spp. The highest incidence was found in wax gourd,
and the lowest in cucumber var shosa. Phoma was
recorded from seeds of bottle gourd, wax gourd, sweet
gourd and bitter gourd within the range of 5.0-15.0%.
Rhizopus was recorded from only sweet gourd seeds
showing 26.0% prevalence. Chaetomium spp. was
found in seeds of bitter gourd and ridge gourd showing
34 and 29% prevalence, respectively (Table 2).

The prevalence of A. niger was the highest in
radish seeds and lowest in carrot seeds (0.5%). The
maximum seed-borne prevalence of F. oxysporum was
recorded in radish and minimum in carrot. The
incidence of F. moniliforme was found only in carrot
seeds. Penicillium and Rhizopus were recorded in
radish by 2.0% and 15.5%, respectively (Table 3).
Prevalence of fungal infection of seeds varied
depending on different vegetables. The seed-borne
fungus, Alternaria was found only in cauliflower and
bean seeds. The prevalence of A. flavus was 51% in
seeds of bean but seeds of tomato, brinjal and
cauliflower were free from the fungus. The highest
incidence of A. niger was recorded in yard long bean
and lowest in tomato. Curvularia spp. was found in
brinjal and bean seeds but the prevalence was only 1-
2%. Seeds of yard long bean, tomato and cauliflower
were free from Curvularia spp. The incidence of F.
oxysporum was the highest in bean and lowest in
brinjal (0.5%). In case of F. moniliforme, the maximum
prevalence was recorded in bean seeds and minimum
in tomato seeds. Prevalence of Penicillium spp. was
33% in yard long bean but seeds of tomato and brinjal
were free from the fungus. The incidence of Phoma
spp. was recorded only from tomato seeds, while
Rhizopus was recorded only in yard long bean.
Maximum mean association of seed-borne fungi was A.
flavus followed by Penicillium spp., A. niger, F.
moniliforme, F. oxysporum, Rhizopus, Phoma,
Alternaria and Curvularia (Table 4).

L
eafy

vegetables

Seed-borne infection (%)

A
lternaria

spp.

A
spergillus flavus

A
spergillus niger

C
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F
usarium

oxysporum

F
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e
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P
hom

a
spp.

R
hizopus

spp.

Laffa 0.5b 1.0c 0.0c 0.0b 16.0a 1.5b 0.0c 0.0b 1.0b
Mustard 0.0b 0.0c 0. 0c 0.0b 3.0bc 21.5a 4.0bc 0.0b 0.0b
Indian spinach 5.5a 1.0c 11.0a 1.0b 8.5b 26.5a 0.5 c 0.0b 20.0a
Jute 0.0b 0.0c 0.0c 0.0b 6.5bc 5.5b 0.0c 0.0b 0.0b
Red amaranth 1.0b 3.5b 0.5bc 0.0b 2.0c 5.5b 8.0b 0.0b 0.0b
Swamp cabbage 0.0b 12.0a 2.0b 0.0b 8.5b 3.0b 18.0a 0.0b 0.0b
Spinach 0.0 b 0.0c 0.0c 10.0a 3.5bc 26.0a 1.0c 2.0a 0.0b
Cabbage 0.0b 0.5c 0.0c 0.5b 3.5bc 1.0b 0.5c 0.0b 0.0b
Amaranth 0.0b 4.5b 1.0bc 1.0b 2.0c 1.0b 8.5b 0.0b 0.0b
Figures within the same column having a common letter (s) do not differ significantly (P=0.05).
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Germination and seedling vigor: Germination of
seeds of leafy vegetables varied from 11 to 90%. In
case of cucurbit vegetable seeds, germination varied
from 12 to 92% depending on vegetables. Germination
ranged 57 to 76% in different root vegetables.
Germination of other vegetable seeds varied from 15 to
72% depending on vegetable crops. Seedling vigor
ranged 78.43 to 3030.3. The highest vigor index was

found in snake gourd, while the lowest was recorded in
cabbage. The highest germination of 92% was recorded
in cucumber var. khira and the lowest in cabbage.
Shoot length was the highest in bean and lowest in red
amaranth. Root length was the highest in bottle gourd
and lowest in red amaranth. There was variations in
vegetables in respect of seed germination, shoot and
root length, and vigor index (Table 5).

Table 2. Prevalence of seed-borne fungi associated with seeds of cucurbit vegetables collected from northern region
of Bangladesh

Table 3. Prevalence of seed-borne fungi of root
vegetables grown in northern Bangladesh

Root
vegetables

Seed-borne infection (%)

A
spergillus

niger

F
usarium

oxysporum

F
. m

oniliform
e

P
enicillium

spp.

R
hizopus

spp.

Radish 5.0a 12.5a 0.0b 2.0a 15.5a

Carrot 0.5b 2.0b 10.0a 0.0b 0.0b
Figures within the same column having a common letter (s)
do not differ significantly.

Richardson (1990) reported prevalence of only
Alternaria amaranthi in the seeds of Amaranthus spp.
Peregrine et al. (1984) and Peregrine and Ahmed
(1983) recorded Aspergillus, Rhizopus, Cladosporium,
Helminthosporium, Alternaria, Fusarium, Curvularia,
Penicillium, Botrytis, Verticillium, Cylindrocephalum,

Colletotrichum, Corynespora and Ascochytula from
seeds of cucurbits. Sultana (2009) reported Aspergillus,
Curvularia, Colletotrichum, Fusarium, Penicillium and
Botrytis as seed-borne fungi of vegetables. From the
findings of the present study, it may be concluded that
the seed samples of different vegetables collected from
northern region of Bangladesh were of good quality
except sweet gourd, bitter gourd, bean, cabbage and
cauliflower.

The seed-borne fungi recorded in the present
study have also been reported by other investigators.
Hossain et al. (2014) reported seed-borne fungi of leafy
vegetables collected from Mymensingh region of
Bangladesh. Good number of seed-borne fungi of leafy
vegetables has also been reported by Richardson
(1990). Alternaria, Aspergillus, Fusarium and
Penicillium were found in seeds of red amaranth.
Among the seed-borne fungi of leafy vegetables,
Aspergillus, C. capsici, Fusarium, Penicillium and
Rhizopus were detected by Islam (2005).
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Snake gourd 3.0a 1.0c 11.0b 0.0c 13.0a 40.0a 9.0bc 0.0c 0.0b 0.0c
Khira 0.0b 0.0c 0.0c 4.0a 0.5e 0.0d 0.0d 0.0c 0.0b 0.0c
Shosha 3.0a 0.0c 0.0c 1.0b 4.0cde 0.0c 2.0d 0.0c 0.0b 0.0c
Bottle gourd 0.0b 17.0b 0.0c 0. 0c 13.0a 13.0bc 3.0cd 9.0b 0.0b 0.0c
Wax gourd 0.0b 0.0c 0.0c 0.0c 6.0bcd 17.0bc 24.0a 15.0a 0.0b 0.0c
Sweet gourd 0.0b 0.0c 4.0c 0.0c 2.0de 9.0cd 22.0a 5.0bc 26.0a 0.0c
Bitter gourd 0.0b 27.0a 18.0a 0.0c 8.0bc 0.0d 15.0b 7.0b 0.0b 34.0a
Ridge gourd 0.0b 0.0c 9.0b 0.0c 9.0ab 21.0b 15.0b 0.0c 0.0b 29.0b

Figures within the same column having a common letter (s) do not differ significantly.
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Table 4. Prevalence of seed-borne fungi on seeds of other vegetables collected from northern part of Bangladesh
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Yard long bean 0.0c 25.0b 40.0a 0.0b 1.0bc 2.0c 33.0a 0.0b 13.0a

Tomato 0.0c 0.0c 0.5c 0.0b 4.5b 0.5c 0.0c 6.50a 0.0b

Brinjal 0.0c 0.0c 0.0c 1.0ab 0.5c 2.0c 0.0c 0.0b 0.0b

Cauliflower 1.0b 0.0c 0.0c 0.0b 1.5bc 18.5b 13.0b 0.0b 0.0b

Bean 2.0a 51.0a 31.0b 2.0a 12.0a 33.0a 28.0a 0.0b 0.0b
Figures within the same column having a common letter (s) do not differ significantly.

Table 5. Germination and seedling vigor of different vegetable seeds collected from northern region of Bangladesh

Name of vegetables Germination
(%)

Shoot length
(cm)

Root length
(cm)

Vigor index

Laffa 52.00±2.5 6.15 2.85 468.00

Mustard 79.00±1.5 12.60 3.05 1236.35

Indian spinach 36.00±2.0 9.65 2.90 451.80

Jute 90.00±1.0 5.40 2.00 666.00

Red amaranth 59.00±3.0 3.90 1.25 303.85

Swamp cabbage 83.00±3.0 11.50 5.40 1402.70

Spinach 67.00±1.5 10.20 3.10 891.10

Cabbage 11.00±1.5 5.19 1.94 78.43

Amaranth 41.00±4.5 4.05 1.50 227.55

Snake gourd 74.00±5.0 28.70 12.25 3030.30

Cucumber (khira) 92.00±3.0 19.35 5.70 2304.60

Cucumber (shosa) 86.00±4.0 20.40 5.90 2261.80

Bottle gourd 76.00±7.0 19.65 12.35 2432.00

Wax gourd 30.00±3.0 12.10 5.50 528.00

Sweet gourd 58.00±6.0 20.95 6.00 1563.10

Bitter gourd 12.00±1.0 20.50 8.50 348.00

Ridge gourd 26.00±12.0 17.35 6.90 630.50

Radish 76.00±2.0 13.750 5.05 1428.80

Carrot 57.00±4.0 5.65 2.25 450.30

Yard long bean 58.00±11.0 26.80 11.70 2233.00

Tomato 56.00±4.5 8.10 2.80 610.40

Brinjal 72.00±7.5 4.50 2.70 518.40

Cauliflower 15.00±1.5 8.10 1.55 144.75

Bean 46.00±4.0 41.10 11.80 2433.40
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ABSTRACT

M. M. Rahman, M. A. Ali2, M. U. Ahmad  and T. K. Dey. 2014. Evaluation of fungicide for seed treatment to
control stem canker and black scurf disease (Rhizoctonia solani) of potato. Bangladesh J. Plant Pathol.
30(1&2):23-27.

A field experiment was conducted to evaluate the
effectiveness of Amistar 325 SC (Azoxystrobin) @ 0.10%,
Provax-200 (Carbixin+Thiram) @ 0.20%, Boric acid at
3.00% and Bavistin 50 WP (Carbendazim) @ 0.10% as pre-
plant seed tuber treating fungicides against stem canker and
black scurf disease (Rhizoctonia solani) of potato. Infested
seed tubers were treated by spraying with the fungicidal
suspensions over the tuber surface. Two additional
treatments, one with infested tubers and other one with
healthy seed tubers were maintained in the experiment for
comparison. Efficacy of Provax to reduce disease incidence
and to increase plant growth and yield was not considerable.
Pre-plant treatments of infected seed tubers with Amistar
325 SC at 0.10%, Boric acid at 3.00% and Bavistin 50 WP at

0.10%, and planting of healthy seed tubers increased
germination by 9.17, 7.86, 7.47 and 8.56%; number of stem
per hill by 7.54, 13.07, 12.56 and 9.30%; plant height by
2.31, 10.42, 9.23 and 10.02; and tuber yield by 64.15, 22.06,
20.06 and 7.23% respectively over control-2. The treatments
reduced incidence of stem canker and black scurf by 59.45,
54.05, 48.65 and 51.35 and disease severity, in terms of PDI,
was reduced by 65.87, 56.09, 48.77 and 48.77% respectively
over control-2.  Results of the present investigation reveal
that Amistar 325 SC is the most effective fungicide followed
by Bavistin 50 WP to improve plant growth, tuber yield and
to reduce incidence and severity of stem canker and black
scurf disease of potato.

Key words: Fungicide, Seed treatment, stem canker, Rhizoctonia solani, control
INTRODUCTION

Potato (Solanum tuberosum) is a leading staple food
crop of the world and it ranks next to wheat and rice. In
Bangladesh, it is the first leading vegetable crop and
grown in almost all areas of the country. During 1999-
2000, the production of potato was 2.93 million metric
tons from 0.243 million hectares of land. In
Bangladesh, average tuber yield is lower compared to
other potato growing countries of the world. The major
constraint of potato production is prevalence of
epidemic diseases and lack of supply of quality seed
potato to the farmers. In Bangladesh, a total of 39
diseases of potato have been recorded (Ali and Khan
1990). One of the major diseases is stem canker and
black scurf caused by Rhizoctonia solani (Kuhn). It is
the most common and   widespread disease throughout
the country (Ali and Dey 1994).

Rhizoctonia solani is a soil-borne fungus and
causes ‘black scurf’ on potato tubers and canker on
stems. Severe stem canker can kill shoots and delay
crop emergence. On the surface of infected tubers the
fungus forms dark brown to black sclerotia which vary
in size. The sclerotia are resting structures that allow
the fungus to survive for long periods under stress
conditions. Tuber infested with sclerotia is a significant
problem in seed tubers as the sclerotia can act as a
primary source of infection for the new plant. The
tuber borne nature of R. solani is an important com-
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ponent of the disease cycle. Many researchers from
different countries reported efficacy of pre-plant seed
tuber treatment with fungicides to control stem canker
and black scurf diseases (Bolkan 1976, Wenham et al.
1976, De and Sengupta 1992, Akhilash et al. 1996,
Anon. 2005, Himel et al. 2007, Djelbali and Bathassel
(2010).

Development of effective as well economic
control methods against stem canker and black scurf
disease is essential in Bangladesh. One of the
transmission methods of the disease is infected seed
tubers bearing sclerotia of R. solani. Effective seed
treatment methods can minimize the primary spread of
the disease from seed to progeny tubers; thereby reduce
incidence and severity of the disease. So, the present
investigation was undertaken to evaluate three
promising fungicides for pre-plant treatment of potato
seed tubers to control stem canker and black scurf
under Bangladesh conditions.

MATERIALS AND METHODS

Fungicides tested in the experiment were Amistar 325
SC (Azoxystrobin) @ 0.10%, Provax-200 (Carbixin+
Thiram) @ 0.2%, Boric acid @ 3.0% and Bavistin 50
WP (Carbendazim) @ 0.10%. Two controls consisted
of healthy tubers (control-1) and infected tubers
carrying sclerotia (control-2) were used in the
experiment for comparison. Infected as well as healthy
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seed tubers of variety Diamant were collected from
Breeder Seed Production Centre of Bangladesh
Agricultural Research Institute (BARI) at Panchagarh,
Bangladesh. The fungicides were suspended in tap
water at desired concentrations. The infected seed
tubers were spread on the floor and the fungicidal
suspensions were sprayed over the seed tubers for
treatment. For proper coverage of the surface, the
tubers were rotated frequently at the time spray. The
treated tubers were air dried overnight and stored in a
room until planting.

The experiment was conducted at the Tuber
Crops Research Sub-Centre (TCRSC) of BARI in
Bogra during 2008-2009. The experiment was laid out
in a randomized complete block design with four
replications. The unit plot size was 3.0 m x 3.0 m.
Block to block and plot to plot distances were 100 cm
and 50 cm, respectively. Row to row distance was 60
cm. Recommended doses of fertilizers and manures
were applied as suggested by Tuber Crops Research
Centre, BARI, Gazipur (Anon. 2005). Cowdung was
incorporated to 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. The entire
amount of TSP, MOP, Gypsum, Zinc sulphate, Boron
and half of urea were applied at the time of final land
preparation. Treated seed tubers were planted on 29
November 2008 maintaining 25 cm seed to seed
distance. The 2nd half of urea was applied at 30 days
after planting (DAP). Weeding was done at 25 DAP
and earthing up was done at 30 DAP. Irrigation was
applied at 20 and 40 DAP. The insecticides Dursban
(0.5%) and Admire (0.1%) were applied respectively,
to control cutworms and aphids. Secure (0.1%) was
sprayed at 10 days interval as preventive measures
against late blight disease of potato. The crop was
harvested on 28 February 2009.

Data on germination, number of stem per hill,
plant height were recorded from the field. After
harvest, data on healthy and infected tubers were
collected. The black scurf infected tubers were
separated into three groups such as russet, deformed
and sclerotia infected. Number and weight of tubers
under each group were recorded. Number and weight
of healthy tubers harvested from each plot were also
recorded.

Disease related data such as disease incidence,
percent disease index (PDI) were recorded. To record
disease incidence, 20 plants were randomly selected
from each unit plot at 70 DAP, uprooted carefully,
washed with running tap water and checked for
infection. Numbers of infected and healthy plants were
counted and percent disease incidence was calculated
based on total number of plants checked. At 70 DAP,
severity of stolon infection was indexed on a  0-6
indexing 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 curling of growing
leaves, 5 = profuse emerging of auxiliary leaves, leaf
size reduced markedly and pale green on leaf margin,
and 6 = production of aerial tuber with green colour.
Twenty plants in each plot were randomly selected and
uprooted carefully from soil, washed with water. The
plants were checked individually and severity of stolon
infection was indexed. Number of stem canker infected
plants under each grade (0-6 scale) was recorded and
the percent disease index (PDI) was calculated using
standard formula as shown below:

Class frequency
PDI=                                                                X 100

No. of plants checked X highest score

The black scurf infected tubers were separated into
russet, deformed and sclerotia infected tubers. Number
and weight of tubers under each symptom category per
plot were recorded. Collected data were analyzed
statistically following MSTAT-C computer program
Differences among treatment means were determined
following Duncan’s Multiple Range Test using the
same computer program.

RESULTS AND DISCUSSION

Germination
Range of germination of potato seed tubers under

different treatments including two controls (1 and 2)

was 85.54 to 93.38%. The lowest germination was

recorded when infected seed tubers were planted

(control-2) without treatment, which was statistically

similar to the treatment with Provax-200 @ 0.20%. The

highest germination was recorded from the treatment

with Amistar 325 SC at 0.10%, which was statistically

similar to Boric acid at 3.00, Bavistin 50 WP at 0.10%

and planting of healthy seed tubers. The four

treatments increased germination by 9.17, 7.86, 7.47

and 8.56%, respectively and the increase was

significant compared to control-2 (Table 1).

Stem number and plant height

Under different treatments, number of stem per hill
varied from 3.98 to 4.50 and plant height varied from
57.08 to 63.88 cm. The lowest number of stem per hill
and plant height was found under control-2. Treatments
with Amistar 325 SC at 0.1%, Boric acid 3.00% and
Bavistin 50 WP at 0.1% and planting of healthy tubers
increased stem number/hill by 7.54, 8.79, 13.07, 12.56
and 9.30%; and plant height by 2.31, 11.91, 10.42, 9.23
and 10.02, respectively over control-2. The increase in
both the parameters was not significant compared to
control-2 (Table 1).
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Incidence and severity of disease

The highest incidence of 46.26% stem canker and
black scurf disease of potato was recorded from
control-2. Treatments of infected seed tubers with
fungicides and use of healthy tubers caused significant
reduction in disease incidence. The reductions obtained
with Amistar 325 SC at 0.10%, Boric acid at 3.0%, use
of healthy seeds, Bavistin at 0.1% and Provax-200 at
0.20% were 59.45, 54.05, 51.35, 48.65 and 45.95%
over control-2. The maximum reduction was obtained
with Amistar 325 SC which was statistically similar to
two treatments with Bavistin and healthy seeds (Table
1).

The severity, in terms of PDI values of stem
canker and black scurf disease of potato was 46.26%
under control-2. Treatment of seed tubers with
fungicides and planting healthy tubers caused sig-
nificant reduction in the parameter within the ranged
48.77-65.87 over control-2. However, the efficacy of
all fungicidal treatments and planting healthy seeds to
reduce disease severity was statistically similar (Table
1).

Number of russet, deformed and sclerotia infested
tubers

Per plot maximum number of russet, deformed and
sclerotia infested tubers were 26.50, 10.50 and 65.25,
respectively, when infected seed tubers were planted
without any treatment (control-2). All fungicidal
treatments of seed tubers and use of healthy seeds
significantly reduced number of russet, deformed and
sclerotia infected tubers over control-2. Treatments
with Amistar 325 SC at 0.10%, Provax-200 at 0.20%,

Boric acid 3.00 and Bavistin at 0.10% and use of
healthy seeds reduced number of russet tuber by 64.15,
21.70, 51.89, 41.51 and 61.32%,  deformed  tubers by
40.48, 21.43, 66.67, 66.67 and 33.33% and sclerotia
infested tubers by 55.56, 42.15, 48.28, 48.28 and
91.15%, respectively  over control-2 (Table 2).

Weight of russet, deformed and sclerotia infested
tubers

The maximum of 580 kg/plot of deformed tubers were
harvested from the plot planted with black scurf
infected seed tubers without any treatment (control-2).
Application of Amistar 325 SC at 0.1%, Provax-200 at
0.2%, Boric acid at 3.0% and Bavistin at 0.1% reduced
the parameter to 37.93–450 kg/plot. The reductions
under above five treatments were 37.93, 37.93, 39.66
and 39.66%, respectively and the reduction was
significant compared to control-2. Difference in weight
of deformed tubers harvested from plots planted with
infected tuber without treatment (control-2) and
healthy tubers was not significant (Table 2).

Maximum of 1280 and 4800 kg/plot of russet

and sclerotia infested tubers were found under control-

2. Both the parameters were significantly reduced over

control due to treatments with fungicides and use of

healthy seeds. Treatment of black scurf infected seed

tubers with Amistar 325 SC at 0.1%, Provax-200  at

0.2%, Boric acid at 3.0%, and Bavistin at 0.1% and use

of healthy seeds caused 45.31, 39.06, 58.59, 58.59 and

35.16%  reduction in russet tubers and 62.71, 37.93,

22.41, 45.80, 57.71 and 91.67% reduction in sclerotia

infested tubers, respectively (Table 2).

Table 1. Effect of seed tuber treatment with three fungicides on germination, plant growth and incidence of black
scurf disease of potato caused by Rhizoctonia solani

Fungicide with dose (%) G
erm

ination
(%

)

Stem
/ hill

Plant height
(cm

)

Incidence
(%

)

Severity
(PD

I)

Amistar 325 SC (0.1%) 93.38 a* 4.28 a 58.40 a 18.75 c 5.83 b
(9.17)** (7.54) (2.31) (59.46) (65.87)

Provax-200  (0.2%) 86.46 b
(1.08)

4.33 a
(8.79)

63.88 a
(11.91)

25.00 b
(45.95)

9.58 b
(43.91)

Boric acid (3.0%) 92.26 a 4.50 a 63.03 a 21.25 bc 7.50 b
(7.86) (13.07) (10.42) (54.05) (56.09)

Bavistin 50 WP (0.1%) 91.93 a 4.48 a 62.35 a 23.75 bc 8.75 b
(7.47) (12.56) (9.23) (48.65) (48.77)

Healthy tuber (Control-1) 92.86 a 4.35 a 62.80 a 22.50 bc 8.75 b
(8.56) (9.30) (10.02) (51.35) (48.77)

Infected tuber  (Control-2) 85.54 b 3.98 a 57.08 a 46.25 a 17.08 a
*Means within the same column with a common letter(s) do not differ significantly (P=0.05).

**Values within parentheses are % increase in first 3 columns and percent decrease in last 2 columns over control-2.
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Tuber yield

The lowest tuber yield of 16.32 t/ha was harvested
from plots planted with black scurf infected seed tubers
without treatment (control-2). Treatment of black scurf
infected seed tubers with Amistar at 0.1%, Provax-200
at 0.2%, Boric acid at 3.0%, Bavistin at 0.1% and use
of healthy seeds increased tuber yield by 64.15, 12.13,
22.06, 20.06 and 7.23% over control-2. The increase
was significant in case of Amistar @ 0.1%, Boric acid
@ 3.0% and Bavistin @ 0.1% (Table 2).

Results of the present investigation reveal that
pre-plant treatment of seed tubers with the fungicides
Amistar 325 SC at 0.1%, Provax-200 at 0.2%, Bavistin
50 WP 3.0% and Bavistin 50 WP at 0.1% is effective
to control stem canker and black scurf disease of
potato. The treatments increased germination, plant
growth and tuber yield but decreased incidence and

severity of the disease. The fungicides also reduced
number and weight of russet, deformed and sclerotia
infested tubers. Planting of healthy seed tubers without
treatment gave similar results as recorded from
fungicidal treatments. Among the fungicides Amistar
325 SC (0.1%) was the most effective one followed by
Bavistin 50 WP (1.0%) to improve plant growth
parameters, tuber yield and to reduce incidence and
severity of stem canker and black scurf disease of
potato. The findings of the present investigation are in
agreement with the findings of other researchers
(Bolkan 1976, Wenham et al. 1976, De and Sengupta
1992, Akhilash et al. 1996, Anon. 2005, Himel et al.
2007, Djelbali and Bathassel (2010). Djelbali and
Bathassel (2010) agreed that seed tuber treatment and
in furrow application of Amistar gave effective control
of stem canker and black scurf of potato.

Table 2. Effect of seed tuber treatment with fungicides on black scurf of potato (Rhizoctonia solani) to reduce
diseased tubers.

Fungicide with dose (%) Number of infected tuber/plot Weight of infected tuber (g/plot) Yield
(t/ha)

R
usset

D
eform

ed

Sclerotia
infested

R
usset

D
eform

ed

Sclerotia
infested

Amistar 325 SC 0.1% 9.50d*
(64.15)**

(6.25b)
(40.48)

29.00c
(55.56)

700 bc
(45.31)

360 c
(37.93)

1790.0d
(62.71)

20.43a
(64.15)

Provax-200  (0.2%) 20.75b
(21.70)

8.25ab
(21.43)

37.75b
(42.15)

780b
(39.06)

450bc
(22.41)

2600.0b
(45.80)

18.30abc
(12.13)

Boric acid (3.0%) 12.75cd
(51.89)

3.50c
(66.67)

33.75bc
(48.28)

530c
(58.59)

350c
(39.66)

2030.0cd
(57.71)

19.92ab
(22.06)

Bavistin 50 WP (0.1%) 15.50c
(51.89)

7.75b
(66.67)

35.50b
(48.28)

750bc
(58.59)

380c
(39.66)

2480.0bc
(57.71)

19.68ab
(20.06)

Healthy tuber (Control-1) 10.25d
(61.32)

7.00b
(33.33)

5.75d
(91.19)

830b
(35.16)

670a
(15.52)

400.0c
(91.67)

17.50bc
(7.23)

Infected tuber (Control-2) 26.50a 10.50a 65.25a 1280a 580ab 4800.0a 16.32c
*Means within the same column with a common letter(s) do not differ significantly (P=0.05).

**Values within parentheses are per cent reduction over control-2.
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ABSTRACT

Sharmin Afrose, I. H. Mian, M. Z. Alam and Rayhanur Jannat. 2014. Plant parasitic nematodes associated with
brinjal (Solanum melongena) in some areas of Bangladesh. Bangladesh J. Plant Pathol. 30(1&2):27-35.

A survey was conducted during 2011-2014 to identify plant
parasitic nematodes associated with rhizosphere soils and
roots of brinjal (Solanum melongena). Soil and root samples
were collected from brinjal fields in the districts of Gazipur,
Tangail, Kishoregonj, Manikgonj and Mymensingh. The
nematode was extracted following Baermann Funnel
technique. Temporary mounts of the extracted nematodes
were prepared and morphological characters and necessary
morphometrics were determined uncer a compound
microscope. Based on morphological characters and
morphometrics, nematodes associated soil and roots of brinjal

were identified up to genera or species level using
appropriate key books. The plant parasitic nematodes
associated with rhizosphere soils and roots of brinjal were
Aphelenchus avenae, Cephalenchus emerginatus, Heli-
cotylenchus indicus, Hoplolaimus indicus, Meloidogyne
incognita, Pratylenchus pratensis, Pratylenchus zeae,
Tylenchorhynchus claytoni, Tylenchus sp., Ditylenchus
melongena, Xiphinema americanum and Zygotylenchus
guevarai. Except M. incognita other nematode species of
brinjal have been reported first time from Bangladesh.
Morphological characteristics have been described.

Key words: Nematode, parasite, brinjal
INTRODUCTION

Brinjal or eggplant (Solanum melongena) is a popular
vegetable and important cash crop in Bangladesh. Per
hectare yield of the crop is very low in comparison to
China, India and world average (Anon. 2004a). Brinjal
is attacked by more than 40 species of plant parasitic
nematodes throughout the world (Romero and Arias
1969, Patel et al. 2007, Haidar et al. 2008, Zakir and
Bora 2009, Anwar and McKenry 2012).

In India, Ditylenchus melongena, Helicotylenchus,
Hoplolaimus, M. incognita, Pratylenchus, Radopholus,
Rotylenchus, Rotylenchulus reniformis, Trichodorus
and Tylenchorhynchus have been identified as pests of
brinjal (Patel et al. 2007, Verma et al., 2013).  In
Pakistan, Helicotylenchus spp., M. incognita, M.
javanica, Meloidogyne spp., Pratylenchus spp. and
Xiphinema spp. have been recorded as major nematode
pests of brinjal (Anwar and Chaudhry 1973, Shakeel et
al. 2012). A study was conducted by Audamou et al.
(2013) in Niger and identified Meloidogyne,
Tylenchorhynchus, Helicotylenchus, Scutellonema,
Rotylenchulus, Pratylenchus and Xiphinema as
nematode pests of brinjal. From Syria, Haidar et al.
(2008) reported ten plant parasitic nematodes of brinjal
namely Meloidogyne, Pratylenchus, Paratylenchus,
Tylenchus, Rotylenchus, Helicotylenchus,
Tylenchorhynchus, Longidorus, Ditylenchus and
Xiphinema. Available reports reveal that plant parasitic
nematodes cause considerable damage to brinjal in
India (Anowar et al. 1986, Patel et al. 2007, Verma et
al. 2013), Pakistan (Shakeel et al. 2012), Niger
(Audamou et al. 2013), Nigeria (Bhatti et al. 2013) and
Spain (Romero and Arias 1969).
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Reports on nematode pests of brinjal are scanty in
Bangladesh. Occurrence of only root-knot nematode
(Meloidogyne spp.) has so far been recorded in the
country (Timm and Ameen 1960, Mian 1986, Mian
and Zahid 1986). More than 50 species of plant
parasitic nematodes have been identified on different
crop plants in Bangladesh (Sam 1979, Mian 1986,
Rahman and Mian 2010). Reports so far discussed
above indicate that the plant parasitic nematodes
identified on various crops in Bangladesh may also
attack brinjal. Under the above circumstances, a
research project was undertaken to identify plant
parasitic nematodes associated with soils and roots of
brinjal in some intensively brinjal growing areas of
Bangladesh.

MATERIALS AND METHODS

The survey was conducted in the districts of
Kishoregonj, Mymensingh, Tangail, Manikgonj and
Gazipur in Bangladesh during of 2011-2014. Brinjal is
extensively grown in those areas. Rhizosphere soil and
root samples of brinjal were collected from the fields of
the selected districts from 20 places of each field at a
depth of 15-20 cm. All 20 soil samples of each field
was mixed together to have a composite sample. About
2.5 kg subsamples were drawn from each composite
sample. Nematodes were extracted from soil and root
samples following Baermann funnel method (Mian
1994). Temporary mounts of the extracted nematode
were prepared and observed under a compound light
microscope. Morphological characters and morpho-
metrics of individual nematode specimens were
recorded. For identification, related sets of CIH



28 Bangladesh J. Plant Pathol.

Descriptions of Plant-parasitic nematodes and other
available key books, journal articles and internet
descriptions as well as pictures were used. Female
perineal pattern was studied to identify the species of
root-knot nematodes (Taylor and Sasser 1980,
Eisenback 2010).

RESULTS AND DISCUSSION

Nematodes identified

During the survey, a total of 12 nematode species
under 11 genera were associated with rhizosphere soils
and roots of brinjal. The nematode species were
Aphelenchus aveneae, Cephalenchus emerginatus,
Ditylenchus melongena, Helicotylenchus indicus,
Hoplolaimus indicus, Meloidogyne incognita, Praty-
lenchus pratensis, Pratylenchus zeae, Tylencho-
rhynchus claytoni, Tylenchus sp., Xiphinema
americanum and Zygotylenchus guevarai.

Aphelenchus aveneae

For identification of Aphelenchus aveneae, CIH
Description of Plant-parasitic nematodes was consulted
(Hooper 1974a). Female body is cylindrical with slight
arcuate when killed by heat, maximum wide at vulval
point, gradually tapering towards ends, posterior body
behind vulva is nrrower than anterior region.
Morphometrics of female are L = 120-127 µm, a =
30.4, b = 5.7, V = 70-75%. Stylet length is 13.5-15.5
µm.  Head is bluntly rounded and not offset from the
body. Vulva is a transverse slit. At mid-body lateral
field is widest. Esophagus with cyndrical procorpus,
median bulb well developed squarish, conspicuous,
rectangular to oval shape having refractive cresentic
valve plate. Ovary is monodelphic, prodelphic and
outstretched. Esophageal lumen of dead nematode is
strait and dorsal esophageal gland orifice is not visible
because it opens in side the median bulb. Tail is 1.77
times of anal body diameter and tail tip is bluntly
rounded (Plate I).

Cephalenchus emerginatus

The nematode was identified based on characteristics
described by Hooper (1974b). Body of adult female is
relatively slender, small, only 500-580 µm long,
vermiform, narrow only a little anterior but posterior to
the bulb it tapers sharply forming a narrow long tail
with a pointed terminus. Cuticle is fairly thick and
annules slightly coarse. Cephalic framework mode
rately set off and round. Lateral field has six lines. The
stylet is relatively long compared to body length with
rounded knobs. Stylet is well developed with round
knobs. Esophagus is tylenchoid, basal bulb is not
overlapping the intestine. Vulva is a transverse slit at
70-72% of body from the anterior end. Ovary is
monodelphic prodelphic and outstretched (Plate II).

Helicotylenchus indicus (Spiral nematode)

The species of spiral nematode was identified
consulting morphological and morphometrical
characteristics described by Siddiqi (1972). Adult
female body is vermiform with tapering towards both
terminuses, length is 660-850 µm, a=28-33, b = 5.3-
6.2. Posterior region of the female body forms a coil on
thermal death. Annulations are distinct, not interrupted
by lateral lines. Lateral fields are about one-sixth of
body width, continuing to tail terminus, marked with
four incisures. Lip region is hemispherical, cephalic
framework is well developed, head slightly set off and
conoid. Stylet is well developed, anteriorly tapering
and knob is rounded. DGO is situated at less than half
of stylet length behind the knob. Esophagus is
tylenchoid with oval shape median bulb. Basal bulb
overlaps anterior part of intestine from ventral side.
Tail is, conoid with a narrow terminus and mucronate.
Ovary is didelphic amphidelphic and outstretched.
Vulva is transverse slit like at 65-70% of the body from
anterior. Male is similar to female except less coiled
body shape. Tail is elongate with mucron. Spicule is
20-25 µ (Plate III).

Ditylenchus melongena (Stem nematode)

The nematode genus was identified consulting the
description of Hestling (1974) and Haider et al. (2008).
Females are slender transparent, almost strait when
relaxed or killed by heat. Labial framework is not well
developed; lip region flattened and cap-like, not offset.
Stylet is 111-13 μm long with distinct basal knobs.
Lateral fields with four incisures. Tail terminus is
sharply pointed. Measurements of female showed that
L = 1020-1400 µm, a = 24.0, b = 5.2-39.5, V = 76 -
87%. Dorsal esophageal grand orifice (DGO) is very
close to stylet knob. Median bulb is fusiform. Basal
bulb overlaps intestine mostly dorsally. Ovary is
monodelphic and prodelphic. Tail shape is more or less
conoid with pointed tip (Plate IV).

Tylenchorhynchus claytoni (Stunt nematode)

Descriptions of the species used for identification by
Loof (1974b) were also used in the present
investigation to identify the nematode. Adult female
body is cylindrical, with weakly curve ventrally when
relaxed. The body is more tapering towards posterior
end.  Body length is 680- 750 µm with coarse
transverse striae. Lateral field consists of 4
longitudinal lines. Lip region of the nematode is
rounded and offset by slight constriction. Stylet is
slender with round basal knobs. Median bulb is oval;
its valve located halfway along esophagus. Isthmus is
long and narrow, terminal bulb pyriform, with
conspicuous dorsal gland nucleus. Vagina is less than
one-half body width long. Ovary is didelphic, amphi-
delphic, outstretched. Rectum is about one-half o anal
body width. Tail is tapering towards end (Plate V).
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Plate I. Microphotograph of Aphelenchus aveneae [A:Adult female; B: Anterior virew of
female]

Plate IV. Microphotgraph of Cephalenchus emerginatus [=Adult female, B =
Anterior gerion and Posterior part of the nematode].
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A B
Plate III. Microphotographs of Helicotylenchus dihystera [A: Adult Female and  B:

Adult Male]

Hoplolaimus indicus (Lance nematode)

Hoplolaimus indicus was identified consulting the
description of Khan and Chowla (1975). Adult female
body is vermiform, cylindrical, tapering towards both
ends, especially towards the anterior end and an open
C-shaped after death due to heat. Female body length
is 1020-1302 µm, ‘a’ and ‘b’ values are 23-28 and 7.1-
8.2, respectively. Esophagus tylenchoid, stylet strong
with backwardly projected knobs. Ovary is didelphic

and outstretched. Head is distinctly set off. Tail is
shorter (22.1-22.4 µm) than anal body diameter (25.5-
26.5 µm) with round tip. Anus is circular, 2.0-2.2 µm
diameter, present on 18-20th annule from tail terminus.
Annules on the tail terminus are anastomosed
irregularly. Lateral field represented by two very
indistinct striae, annulation continues round the body.
Vulva is conspicuous, transverse slit, 10.0-12.0 µm
wide with two distinct lips (Plate VI).

Plate IV. Microphotographs showing adult
female of Ditylenchus melongena

Plate V. Microphotographs showing adult
female of Tylenchorhynchus claytoni
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Plate VI. Microphotographs of Hoplolaimus galeatus [A = Adult female, B = Adult male, C =

Anterior region and D =  Posterior region showing short hemispherical tail]

Root-knot nematode (Meloidogyne incognita).
The morphological and morphometrical characteristics
of egg, larvae, the mature females, and perineal pattern
of mature female were the basis of identification
(Taylor and Sasser 1980, Barker et al. 1985, Eisenback
2010). Matured eggs are elliptical in shape containing
J1 larvae (Plate VII A). Second stage larvae with
prominent fat droplets, 210 to 3950 μm long, head
region not offset. Stylet 15 to 25 μm in length, basal
knobs set off, rounded to transversely elongated. Tail
25 to 65 μm in length, tip rounded and lateral lines four
with incisures (Plate VII B). Third (J3) and fourth stage
(J4) and immature females were found in the root galls
of brinjal (Plate VII C). The perineal pattern is oval to
rounded 90 to 100 μm in length and 82 to 100 μm in
width. Generally high with dorsal arch. Anus anteriorly
located 15 to 30 μm distance from vulval slit and anus
located 14 to 20 μm distance from tail terminus. Lateral
lines are not pronently demarcated by breaks and
forked striae. Striae are distinct and wavy. Lateral
fields weakly demarcated and not disrupted by the
lateral lines. Tail terminus is smooth (Plate VII D).
[

Xiphinema americanum (Dagger nematode)

The genus was identified comparing the features
described by Siddiqi (1973). Female body is
vermiform, slightly tapering towards both ends, cuticle
finely annulated. Adult female is 1400 to 2000 µm

long. The most important identifying character is long
stylet with flanges extension and more than 100 µm
long. Lip region is hemispherical in shape and slightly
expanded. Tail rounded with greater curvature dorsally
and terminus conoid. It is needle like and about 72 µm
long. Esophagus is divided into two parts having
narrow corpus and cylindrical basal region. Vagina at
right angles to body axis covering 40% of the body
width. Vulva is situated at 50-54% of body length
(Plate VIII).

Pratylenchus pratensis (Lesion nematode)
The species of lesion nematode was identified
consulting the description of Loof (1974a). Female
body is vermiform, more or less straight when killed by
heat or on relax and 50-68 µm long; ‘a’ = 26-35, ‘b’ =
6.5-7. Stylet has three well separated knobs. DGO is
present at less than one-third of stylet length behind the
knobs. Esophageal lumen is not straight, median bulb
is broadly oval in shape. Basal bulb overlaps the
intestine ventratally. Excretory pore is located at
anterior to the esophago-intestinal junction. Ovary is
monodelphic prodelphic; uterus with large oval to
rectangular spermatheca filled with sperm received
from the male partner. The vulva is transverse and
about 72-77% from the head. Post-uterine sac is
slightly longer than body width. Tail with 25-28
annules and the terminus is slightly curve ventrally
(Plate IX).
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Pratylenchus zeae (Lesion nematode)

The nematode was identified consulting the description
of Fortuner and Tom (1976). Female body is
vermiform, almost straight on death by heat, marked by

very faint annules and 450-475 µm long. Lateral field
with 4 incisures. Lip region is not set off from the
body. Tip of the head is bluntly round. Stylet is 16-17
µm long, basal knob anteriorly flattened. DGO locate 3
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Plate VII. Meloidogyne incognita (A: Egg, B: 2nd stage larvae, C: 3rd stage larva, D: Egg
laying female and E: perennial pattern)

Plate VIII. Microphotograph of Xiphinema americanum [A = Adult female
and B = Anterior region showing stylet and esophagus]
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µm behind stylet base. Basal bulb of esophagus is
overlaps intestine ventrally. Ovary single and
prodelphic.  Post-uterine sac is short, 2 body width
long. Vulva is at 70-76%. Tail tapering, terminus is
almost pointed and narrowly sub-acute (Plate IX).

Zygotylenchus guevarai

The genus was identified comparing the characters
described by Siddiqi (1974). Female is vermiform,
slightly tapering towards both extremities, slightly
arcuate ventrally when relaxed due to thermal death.
Cuticle with distinct annulations, lateral field with 4
incisures, without arealation. Esophagus is tylenchoid,
basal bulb elongate, lobed, and extending over intestine
ventrally and laterally. Style is strong with round basal

knobs. Cephalic frame-work is sclerotized, round, low,
anteriorly flattened, conoid, labial disc squire. Tail
elongate, cylindrical, terminus broadly rounded. Ovary
two, vulva sub median, characterized by a transverse
slit with slightly raised lips (Plate X).
Tylenchus sp.

Tylenchus was identified using description of Andrassy
(1977). It is a small nematode body length less than 1.0
mm. Tail is elongate conoid to filiform. Stylet with
distinct knobs. Median bulb is prominent with vulvular
apparatus. Basal bulb is abutting with cardia over the
intestine. Ovary is monodelphic prodelphic. Vulva lip
is raised and well posterior to middle of body. Tail
filiform with pointed terminus (Plate IX).

Results of the present survey reveal that at least
12 species of plant parasitic nematodes are associated
with soils and roots of brinjal may attack brinjal in
Bangladesh. Most of them have also been reported

from India (Anwar et al. 1986, Patel et al. 2007,
Vermam et al. 2013), Pakistan (Bhatnagar et al. 1969,
Anwar and Choudhry 1973, Maqbool 1986, Shakeel et
al. 2012) and other countries (Romero and Arias 1969,

Plate IX. Microphotographs of adult female
of Pratylenchus pratensis

Plate X. Microphotographs of adult female
of Pratylenchus zeae

Plate XI. Microphotgraph of an adult Zygotylenchus guevarai
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Audamou et al. 2013, Bhatti et al. 2013) as pests of
brinjal. Available reports from Bangladesh reveal that
all of the genera of nematodes were found to be
associated with soils and roots have been reported on
other crops of the country (Timm and Ameen 1960,
Mian 1986, Mian and Zahid 1986, Mian 1987, Mian

and Tsuno 1988). Except root-knot nematode,
existence of other 11 plant parasitic nematodes of
brinjal has not yet been reported earlier from
Bangladesh. So, these may be reported from the
country for the first time.
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ABSTRACT

Fatema Begum, M. A. T. Masud, A. M. Akanda, and I. H. Mian. 2014. Response of pumpkin breeding lines to
Papaya Ringspot Virus-W. Bangladesh J. Plant Pathol. 30(1&2):37-42.

A field experiment was conducted under field condition to
screen 29 breeding lines of pumpkin against Papaya ring
spot virus-W (PRSV-W) under artificially inoculated
condition. Five lines (Pk67-1-9-10, Pk13-1-1-9, Pk01-10-
9-4-7, BARI mistikumra 1 and Pk102-5) showed
characteristic mosaic symptoms of PRSV-W infection.
Seventeen lines (Pk05-4-1-1, Pk67-1-9-10, Pk67-1-9-6,
Pk37-1-4-6,  Pk13-1-1-9, Pk20-2-1-9, Pk02-2-1-6, Pk55-
2-2-10, Pk61-1-1-5, Pk54-4-12-9, Pk54-4-12-1, Pk05-1-2-
4, Pk05-1-2-10, Pk01-10-9-4-7, BARI mistikumra 1,
Pk102-5 and Pk105-2) manifested positive reaction in
ELISA to PRSV-W infection. Of these, 7 lines showed

resistant reaction having disease incidence of 13.3 to
24.4% and 12 lines exhibited negative reaction to PRSV-
W which was graded as highly resistant. Maximum
disease incidence (58.3%) was recorded on Pk67-1-9-10
while minimum on Pk13-1-1-9 (9.0%). Significantly the
highest disease severity and AUDPC were found on line
BARI mistikumra 1. The disease severity ranged 13.3-
15.0% and AUDPC ranged 46.7-52.5 in three lines (Pk13-
1-1-9, Pk20-2-1-9 and Pk02-2-1-6). Pumpkin lines which
showing highly resistance and resistance reactions to
PRSV-W may be used in breeding program for pumpkin
improvement program.

Key word: PRSV-W, pumpkin line, response, plant growth, yield

INTRODUCTION

At least 35 viruses infect cucurbits including
pumpkin (Lovisolo 1980). Among the viruses
Papaya Ringspot Virus - Water melon strain (PRSV-
W) is the most destructive one causing significant
reduction in plant growth and yield (Rezende and
Pacheco 1998). The virus was first described in
papaya (PRSV-P) by Jensen (1949) and in cucurbits
(PRSV-W) by Webb (1965) and Webb and Scott
(1965). Akanda (1991) reported the virus from
Bangladesh and he found that it may cause 70-100%
yield reduction of cucurbits depending upon the
stage of infection. PRSV-W belongs to the family
Potyviridae and is transmitted by aphids in a non-
persistent manner (Purcifull et al. 1984).

Major virus control strategies include the use
of insecticides to eliminate virus vectors, herbicides
to remove alternative hosts for the virus and genetic
resistance (Provvidenti 1993), which is often
pathogen-specific (Grumet 1989). Of those control
strategies, the most economical method is genetic
resistance. Virus resistance may also be
accomplished through virus coat proteins transferred
into existing cultivars (Namba et al. 1992, Quemada
et al. 1990), or by screening of germplasm.

The present investigation was undertaken to
determine the response of pumpkin lines to PRSV-W
and to determine the effect of PRSV-W on plant
growth and yield.

MATERIALS AND METHODS

A field experiment was conducted to screen 29
pumpkin lines against PRSV-W under artificially
inoculated condition. The experiment was conducted
in the experimental field of Bangabandhu Sheikh
Mujibur Rahman Agricultural University
(BSMRAU), Gazipur during October 2011 to April
2012 to screen. PRSV-W infected pumpkin plants of
previous year experiment were selected on the basis
of visible symptoms and Enzyme-Linked Immuno
Sorbent-Assay (ELIZA). Leaf samples were
collected from the selected PRSV-W infected plants.
Inoculum of PRSV-W was prepared by grinding the
infected leaves using mortar and pestle in 0.02 M
phosphate buffer, pH 7.0. Leaf sample to buffer ratio
was 1:10 (1 g infected leaf and 10 ml buffer). The
sap of infected pumpkin leaves obtained after
passing through double-ply cheese cloth was used as
inoculum. Mechanical inoculation method using
carborundum powder (800 meshes, Fisher Scientific,
Fair Lawn, NJ) was followed (Daryono 2006).

Seedlings of the selected lines were raised in
polyethylene bags. Before development of the true
leaf, both cotyledons of seedlings were rubbed with
carborundum powder to make minor injuries.
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The inoculum sap was soaked with cotton and gently
rubbed on the injured areas of leaf. After inoculation,
carborundum powder was washed off with sterilized
distilled water. Inoculated pumpkin seedlings were
kept in aphid-proof cages for 10 days and
transplanted in the main field. Standard procedures
were followed for cultivation of land, preparation of
bed and pits, application of manures and fertilizers,
transplanting of seedlings, intercultural operations
(Razzaque et al. 2000).

Pumpkin plants grown in the experimental
field were checked at 55 days after transplanting to
record the incidence of PRSV-W.  Disease incidence
was identified based on visible symptoms followed
by serological test using PRSV-W antiserum (Wei et
al. 2001). The lines which showed positive reaction
to PRSV-W antiserum were graded as susceptible
and those showed negative reaction to the antiserum
were graded as resistant according to Daryono
(2006).

Data on disease incidence, disease severity
and area under disease progress curve (AUDPC) of
virus disease in experimental field were recorded
through frequent visit after appearance of symptoms.
Disease incidence was estimated using a standard
formula ofAgrios (2005):

According to Begum and Khan (1996), the
lines were graded based on degree of disease
incidence as highly resistant (HR=0.0% disease
incidence), resistant (R=0-25% disease incidence),
moderately resistant (MR= 26-50% disease
incidence), moderately susceptible (MS= 51-75%
disease incidence) and susceptible (S= 76-100%
disease incidence). Disease severity was expressed in
percent disease index (PDI). The PDI was computed
using a standard formula (Piper et al. 1996) as shown
below:

100 gradediseasehighestxplantsofnumberTotal

gradeinplantsofnumberxgradeDisease
PDI

The severity of virus disease of pumpkin was
indexed on a 0-5 indexing scale, where 0 = no
visible symptoms, 1 = slightly mosaic on leaves, 2 =
mosaic patches and/or necrotic spots on leaves, 3=
leaves near apical meristem deformed slightly,
yellow, and reduced in size; 4= apical meristem with
mosaic and deformation, and 5= extensive mosaic
and serious deformation of leaves (Xu et al. 2004).

Area under the disease progression curve
(AUDPC) wad calculated according to Tooley and
Grau (1984) using the formula shown below:
AUDPC=∑ ([xi+xi+1)/2] (ti+1-ti), where, Xi=
cumulative disease incidence, expressed as a

proportion of observation, ti= time (days after
planting) the ith observation and n= total no. of
observation.

The experiment was laid out following
randomized complete block design with three
replications. Each replication was consisted of four
plants. Data con growth parameters (branches/plant
and vine length), yield (relative to fruits/plant,
yield/plant) and total soluble solids (%TSS) were
recorded. Correlation of plant growth parameters and
yield with PRSV-W incidence determined using
MSTAT-C software and mean separation was done
by DMRT.

RESULTS AND DISCUSSION

Development of symptoms of PRSV-W in inocu-
lated plants
Upon inoculation, pumpkin lines tested in the present
experiment exhibited various degrees of symptoms
of PRSV-W infection such as mosaic, vein clearing,
leaf curling, blistering, deformation of the leaf
leading to the formation of fern leaf or shoe string.
Mild mosaic with vein clearing and vein banding
were also observed on infected leaves as associated
symptoms. At later stage of disease development,
entire leaves became deformed and small. The
infected plants produced deformed, smaller fruits
having green raised spots scattered on the surface.
The older leaves were small and deformed fern leaf
like appearance (Plate 1).

Reaction of pumpkin lines to PRSV-W

On inoculation of pumpkin leaves with PRSV-W,
lines Pk67-1-9-10, Pk13-1-1-9, Pk01-10-9-4-7,
BARI mistikumra 1 and Pk102-5 showed mosaic
symptoms at cotyledon stage. Symptoms developed
after cotyledon stage, were severe mosaic on the
young leaves, crinkling and blisters on the older
leaves (Plate I). ELISA test was performed using one
antiserum (PRSV-W) to detect presence of PRSV-W
in inoculated leaves showing no visible symptoms of
virus infection.

Out of 29 pumpkin lines tested, 17  (Pk05-4-
1-1, Pk67-1-9-10, Pk67-1-9-6, Pk37-1-4-6, Pk13-1-
1-9, Pk20-2-1-9, Pk02-2-1-6, Pk55-2-2-10, Pk61-1-
1-5, Pk54-4-12-9, Pk54-4-12-1, Pk05-1-2-4, Pk05-1-
2-10, Pk01-10-9-4-7, BARI mistikumra 1, Pk102-5
and Pk105-2) showed positive reaction against
PRSV-W antiserum. These were graded as
susceptible. Remaining 12 lines did not show any
visible symptoms of PRSV-W infection or positive
reaction against PRSV-W antiserum and graded as
resistant to the virus.

100(%) )(

)(  checkedpartsorplantsofnumberTotal

partsorplantdiseasedofNumberincidenceDisease
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Disease incidence, severity and AUDPC
Significantly the highest incidence PRSV-W (54.3-
58.3%) was recorded from pumpkin lines Pk67-1-9-
10, BARI mistikumra 1, Pk67-1-9-6, which were
graded as moderately susceptible (MS). In lines
Pk105-2, Pk37-1-4-6, Pk05-1-2-10, Pk102-5, Pk05-
4-1-1 and Pk05-1-2-4, the disease incidence was
26.0-46.3% and these were graded s moderately
resistant (MR). The incidence of PRSV-W was 9.0-
24.3% on lines Pk01-10-9-4-7, Pk02-2-1-6, Pk55-2-
2-10, Pk61-1-1-5, Pk01-10-9-4-7, Pk54-4-12-9,

Pk20-2-1-9 and Pk13-1-1-9 and these were graded as
resistant (R). Rest of the 12 pumpkin lines were free
from infection with PRSV-W and graded as highly
resistant (HR) (Table 2).

The percent disease index (PDI) value ranged
from 13.3 to 58.3%. The highest PDI of was found
on BARI mistikumra1 followed by Pk37-1-4-6. The
lowest PDI was observed on Pk13-1-1-9 which was
statistically similar to that of Pk20-2-1-9 and Pk02-2-
1-6 (Table 2).

Plate  1. Crinkling (A) and mosaic (B) symptoms in PRSV-W inoculated pumpkin leaves

Table 1. Reaction of pumpkin lines to PRSV-W checked by DAS-ELISA test.

Pumpkin lines Serological test Grading
Pk31-2-4-10, Pk34-4-3-8, Pk07-4-7-1, Pk13-1-1-1,
Pk20-2-1-3, Pk19-4-1-10, Pk04-7-12-3-4, Pk05-7-11-8-3,
BARI mistikumra 2, Pk101-8, Pk106-4, Pk107-4

-
Resistant =R

Pk05-4-1-1, Pk67-1-9-10, Pk67-1-9-6, Pk37-1-4-6, Pk13-1-1-
9, Pk20-2-1-9, Pk02-2-1-6, Pk55-2-2-10, Pk61-1-5, Pk54-4-12-
9, Pk54-4-12-1, Pk05-1-2-4, Pk05-1-2-10, Pk01-10-9-4-7,
BARI mistikumra 1, Pk102-5, Pk105-2

+ Susceptible=S

Mean AUDPC ranged 46.7 - 198.3 at 55 days
after inoculation. The highest AUDPC was recorded
from BARI mistikumra1 followed by Pk37-1-4-6.
The lowest AUDPC was observed on line Pk13-1-1-
9, which was statistically similar to that of Pk20-2-1-
9 and Pk02-2-1-6 (Table 2).

Relationship of plant growth and yield
parameters with disease incidence and severity

The relationship of plant growth and yield
parameters such as branches/plant, vine length, fruit

number/plant, yield /plant TSS% with incidence of
PRSV-W was linear and negative but not significant
(Fig. 1 A, B and Fig. 2A, B & C).

The relationship of fruit number/plant, fruit
yield/plant and %TSS of pumpkin with PRSV-W
was liner and negative. The correlation coefficients
of the relationship of fruit/plant (r=-0.019) and
yield/plant (r=-0.067) with disease incidence was
negative but not significant. The correlation co-
efficient (r) was (- 0.019 and -0.067) and the
contribution of regression (R2 =0.140 and R2 =0.175)

A B
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was 14% and 17.55, respectively (Fig. 2A&B). The
correlation co-efficient (r) was - 0.008 and the
contribution of regression (R2 = 0.019) was only
19% (Fig. 2C). Virus in infected plant hampered the
physiology and nutrient uptake of plants. So,
yield and yield contributing characters are also
affected. In virus-stressed plants, there was
decreased yield in infected plant compared to healthy
plant.

The symptoms recorded from pumpkin lines
inoculated with PRSV-W are identical with the
symptoms developed on other cucurbits due to
viruses infection as reported by other investigators
(Purcifull et al. 1984). Results of the present
investigation reveal that disease incidence, severity,
AUDPC and response of the tested pumpkin lines to
PRSV-W are varied with the vitiations of the
pumpkin lines. The variations may due to genetically
variations in the pumpkin lines tested. Sherwood et
al. (1986) also reported that differences in the pattern
of incidence and degree of severity among cultivars
may be due to variation in genetic make-up of the

tested cultivars as well as the strain of the virus and
possible co-infection with other viruses. Masud
(1995) tested 27 pumpkin genotypes under field
condition. Of them three were resistant and nine
moderately resistant to pumpkin viruses. The
resistance observed in those lines could be related to
the existence of mechanisms that inhibit movement
of virus from inoculated leaves to healthy leaves.
Resistance could involve cellular membrane changes
that impede the diffusion transport of infective virus
particle from cell to cell, or an inhibition of virus
particle replication in the leaf tissue of resistance
plants (Gray et al. 1988).

Finding of the present experiment show that
plant growth and yield of pumpkin are affected by
the PRSV-W. The findings are consistent with
findings of previous researchers (Fortun and Lopez
1982, Tattini et al. 1990, Huang 2003). They found
that disease incidence was used and positive effects
on plant growth could be proved. The positive effect
of growth on the nutrients uptake was also proved
with tomato, cucumber and other plants.

Table 2. PRSV-W incidence, severity and AUDPC in pumpkin during 2011-2012

Pumpkin lines Disease
incidence (%)

Disease severity
(%)

AUDPCZ Reaction

Pk67-1-9-10 58.3 a 38.3 d 134.2 d MS
BARI mistikumra 1 56.0 a 58.3 a 198.3 a MS
Pk67-1-9-6 54.3 a 33.3 e 116.7 e MS

Pk54-4-12-1 46.3 b 38.3 d 134.2 d MR
Pk105-2 44.3 b 46.7 c 163.4 c MR
Pk37-1-4-6 40.7 bc 51.1 b 188.6 b MR
Pk05-1-2-10 35.0 cd 30.0 f 105.0 f MR
Pk102-5 34.0 d 35.0 e 122.5 e MR
Pk05-4-1-1 30.3 de 47.8 c 171.1 c MR
Pk05-1-2-4 26.0 ef 30.0 f 105.0 f MR

Pk01-10-9-4-7 24.3 ef 26.7 g 93.4 g R
Pk02-2-1-6 15.3 gh 15.0 h 52.5 h R
Pk55-2-2-10 12.7 h 33.3 e 116.7 e R
Pk61-1-1-5 12.3 h 26.7 g 93.35 g R
Pk54-4-12-9 20.0 fg 40.0 d 140.0 d R
Pk20-2-1-9 14.7 gh 15.0 h 52.5 h R
Pk13-1-1-9 9.0 h 13.3 h 46.7 h R

BARI mistikumra 2, Pk101-8,
Pk07-4-7-1, Pk13-1-1-1, Pk20-2-1-
3, Pk19-4-1-10, Pk31-2-4-10,
Pk34-4-3-8, Pk04-7-12-3-8, Pk05-
7-11-8-3, Pk106-4, Pk107-4

0.0 i 0.0 i 0.0 i HR

ZMean of the disease progress assessed as an area under the disease progression Curve (AUDPC) following the formula ∑
([xi+xi+1)/2] (ti+1-ti) using 0-5 scale.
MS=Moderately susceptible, MR=Moderately resistant, R=Resistant, HR=Highly resistant.
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Fig. 1. Relationship between disease incidence with growth characters (A) Branches/plant (B) Vine length

Fig. 2. Relationship between disease incidence with Yield and yield contributing characters (A) Fruits/Plant,
(B) Yield/Plant and (C) %TSS.

Finding of the present experiment show that
plant growth and yield of pumpkin are affected by
the PRSV-W. The findings are consistent with
findings of previous researchers (Fortun and Lopez
1982, Tattini et al. 1990, Huang 2003). They found
that disease incidence was used and positive effects
on plant growth could be proved. The positive effect
of growth on the nutrients uptake was also proved
with tomato, cucumber and other plants.
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