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ABSTRACT. To examine the impact of regional and seasonal variations 
on the incidence and severity of sheath rot, a major seed-borne disease 
of rice caused by Sarocladium oryzae, data on incidence and severity 
were collected from 27 selected fields in the Gazipur, Rangpur, Bogra, 
Chittagong, Comilla, Gopalgonj, Jessore, Manikgonj, and Bhola districts 
of Bangladesh in rain-fed and irrigated conditions. Cultural variability of 
29 pathogen isolates obtained from 8 different locations was studied on 
potato dextrose agar (PDA) and genetic variability was determined by DNA 
fingerprinting using variable number tandem repeat-polymerase chain 
reaction markers. Overall, disease incidence and severity were higher in 
irrigated rice. Disease incidence and severity were highest in the Bhola 
district in rain-fed rice and lowest in irrigated rice. Mycelial growth of 29 
representative isolates was found to vary on PDA and the isolates were 
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divided into 6 groups. The range of the overall size of conidia of the selected 
isolates was 2.40-7.20 x 1.20-2.40 µm. Analysis of the DNA fingerprint types 
of the 29 isolates of S. oryzae, obtained from the amplification reactions, 
revealed 10 fingerprinting types (FPTs) that were 80% similar. FPT-1 was 
the largest group and included 13 isolates (44.8%), while FPT-2 was the 
third largest group and included 3 isolates. Each of FPT-3, 4, 5, and 6 
included only 1 isolate. We observed no relationship between cultural and 
genetic groupings.
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INTRODUCTION

Sheath rot is a seed-borne disease caused by Sarocladium oryzae (Sawada) W. Gams & 
D. Hawks. The disease is prevalent in all rice-growing countries in Asia and the United States (Ou, 
1985), causing significant damage to rice crops. There were no reports regarding the occurrence 
of sheath rot disease caused by Sarocladium oryzae in Bangladesh until 1973 (Shahjahan et 
al., 1994). In Bangladesh, sheath rot was initially a minor disease, but is now considered to be 
a major destructive disease prevalent in rain-fed and irrigated rice ecosystems and affects both 
local and modern rice varieties; interestingly, the incidence appears to be high in modern cultivars 
(Miah et al., 1985). Sheath rot disease damages the uppermost flag leaf sheath covering the 
young panicles (Amin et al., 1974; Shahjahan et al., 1977). Panicle exertion depends on the time 
of infection and severity of the disease. Under severe conditions, the panicle remains inside the 
leaf sheath (Estrada et al., 1984; Naeimi et al., 2003). The booting stage of the rice plant is the 
most vulnerable stage for infection, causing maximum damage (Nasu, 2004). While emerging from 
the infected sheath, the young panicles are affected, increasing the number of chaffy, discolored, 
and shriveled grains and reducing the weight and number of healthy grains (Chakravarty and 
Biswas, 1978; Estrada et al., 1984; Vidhyasekaran et al., 1984). Mia et al. (1986) reported a direct 
relationship between disease severity and grain discoloration. They also reported that germination 
of discolored grain was reduced by 76.5%. An inhibitory effect on seed germination by this 
pathogen has also been reported in other countries (Ekefan et al., 2006). Yield loss incurred by 
sheath rot infection was found to be as high as 70% in Thailand (Surin et al., 1977), 9.6-26% in 
India (Chakravarty and Biswas, 1978), and 52.8% yield loss at the International Rice Research 
Institute in the Philippines (Estrada et al., 1984). Yield loss in Bangladesh because of this disease 
in different seasons was found to be 18.9-47.4% (Shahjahan et al., 1994). Thus, sheath rot disease 
is very destructive to rice crops. The most economically and environmentally friendly approach 
for disease management is the development and use of resistant varieties. Little information is 
available regarding disease resistance-related studies of this pathogen. Limited information on the 
screening of rice varieties or germplasms and the identification of resistant sources is available 
(Reddy et al., 2000). However, the development of durable, resistant varieties is necessary for 
understanding the pathogen population, particularly regarding genetic and pathogenic variability. 
Ayyadurai et al. (2005) reported the genotypic variability of S. oryzae among isolates collected from 
North East and South India. Differences in the virulence among some isolates of S. oryzae were 
also observed in India (Yadav and Thrimurty, 2006). In Bangladesh, no information is available 
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on the incidence of this disease and its relationship with agro-ecological regions, season, and the 
diversity of this pathogen. Such information is essential for initiating a program for the development 
and deployment of varieties with resistance and reducing environment pollution. This study was 
conducted to examine the relationship between regional and seasonal variations and the incidence 
and severity of sheath rot disease as well to determine the morphological and genetic variability of 
S. oryzae isolates collected from different agro-ecological zones in Bangladesh.

MATERIAL AND METHODS

Incidence and severity of sheath rot disease and collection of infected samples

Nine regions representing different agro-ecological zones (AEZs), including Gazipur 
(AEZ-28), Rangpur (AEZ-2), Bogra (AEZ-3), Chittagong (AEZ-18), Comilla (AEZ-19), Gopalgonj 
(AEZ-12), Jessore (AEZ-11), Manikgonj (AEZ-8), and Bhola (AEZ-18), were selected to survey the 
incidence and severity of sheath rot disease from 2006-2007 in rain-fed field and irrigated fields.

From each of the 9 districts, 3 large fields were selected; from each of the 3 field plots, at 
least 1 hectare was marked for collection of disease data following a ‘W’ pattern. Disease incidence 
(DI) and disease severity (DS) were recorded for a total of 25 hills from each plot. The survey was 
conducted from booting stage to maturity stage of the rice plants across the 9 districts in Bangladesh.

Pathogen collection, isolation, and purification

A total of 29 isolates of S. oryzae were collected from 9 districts of Bangladesh (Table 1). 
From infected flag leaf sheath, the pathogen was isolated using the tissue planting method. The 
infected portion of the flag leaf sheath along with healthy tissue was cut into small pieces. Infected 
tissue and seeds were separately surface-sterilized by washing with sterilized water and then 
immersing in 10% bleach solution for 2 min. The samples were rinsed twice with sterile water and 
blotted dry. The blotted dry leaf sheath and seed of each sample were placed on 2-3 layers of moist 
blotting paper in Petri dishes and incubated at 21° ± 1°C under 12-h alternate exposure to near 
ultraviolet light and darkness for 3-4 days. The fungus developed and sporulated on the infected 
leaf tissue or seed surface, generally near the empty glum. Using a low-power stereomicroscope, 
a few conidia were removed with a needle spread onto potato dextrose agar (PDA) medium. The 
inoculated Petri dishes were then placed in an incubator at 28°C for 3 days. The contamination-free 
cultures were transferred to a new PDA plate and exposed to a 12-h cycle of near ultraviolet light 
and dark period for conidial production. When a sufficient number of conidia were produced, the 
pure culture was diluted using the serial dilution plate method. A single colony was then transferred 
to new PDA plates and allowed to grow, and stock cultures in a test tube were preserved in a 
refrigerator until further use.

Cultural characteristics of Sarocladium oryzae

Mycelial growth of the isolates on PDA

A total of 29 fungal isolates from 9 districts was cultured on PDA media to examine the 
growth rate. The colony diameter of the isolates grown in 9-cm Petri dishes was measured after 8 
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days of incubation at 25° ± 1°C under ambient laboratory conditions. To determine the conidial size 
of different isolates, the length and breadth of 50 conidia from each isolate were measured after 
preparing a conidial suspension for each isolate grown on PDA for 7 days and incubated at 25° ± 
1°C under a 12-h alternate cycle of near ultraviolet light and darkness. Before the measurement, 
the oculometer was adjusted with the stage micrometer. The mean data and standard deviation 
are presented.

Isolate designation # Locations of collection Date of collection

  1 Gazipur  24/7/2006
  2 Gazipur 20/8/2006
  3 Gazipur 20/8/2006
  4 Gazipur 30/7/2006
  5 Rangpur 14/8/2006
  6 Rangpur 20/8/2006
  7 Rangpur 20/8/2006
  8 Rangpur 10/9/2006
  9 Rangpur 2/9/2006
10 Bogra 5/7/2006
11 Bogra 10/7/2006
12 Bogra 23/7/2006
13 Bogra 21/7/2006
14 Bogra 20/8/2006
15 Bogra 20/8/2006
16 Comilla 30/7/2006
17 Comilla 4/7/2007
18 Comilla 10/8/2007
19 Comilla 10/8/2007
20 Chittagong 30/7/2007
21 Chittagong 4/7/2007
22 Chittagong 10/8/2007
23 Chttagong 27/8/2007
24 Gopalgonj 17/7/2006
25 Jessore 26/7/2007
26 Jessore 27/8/2007
27 Jessore 24/8/2007
28 Bhola 10/7/2007
29 Bhola 8/7/2007

Table 1. Conidial measurement of the 29 selected isolates of Sarocladium oryzae from 9 locations in Bangladesh.

Molecular characterization of Sarocladium oryzae

For culture preparation, 29 purified cultures were grown in potato dextrose (PD) medium 
without agar. A portion of the 30-mL broth was poured into a 125-mL conical flask and sterilized 
as described above. A 4-mm mycelial block from a 6-day-old culture of S. oryzae grown on PDA 
was aseptically transferred to PD broth in each flask. A total of 29 isolates were used for this study 
and each isolate was transferred in 3 flasks and incubated at room temperature for 5 days. The 
mycelial mat was then collected, squeezed in cheesecloth to remove the liquid, and then blotted 
with tissue paper. The mycelium was then wrapped in aluminum foil and stored in a freezer at 
-20°C until further use.

DNA was extracted using the method described by Latif et al. (2008) with some modifications. 
Frozen mycelium was ground into powder using a mortar and pestle. Approximately 20 mg ground 
mycelium was placed into 1.5-mL centrifuge tubes and homogenized with 500 µL extraction buffer 
(100 mM ethylenediaminetetraacetic acid, 100 mM Tris-HCl, 250 mM NaCl), followed by re-
suspension by vortexing. Next, 50 µL 10% sodium dodecyl sulfate was added to grounded mycelium 
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in the centrifuge tube, mixed thoroughly by inversion, and incubated in a water bath for 30 min at 
65°C. To each tube, 200 µL 3 M sodium acetate (pH 5.2) was added, mixed gently, and kept on ice 
for 15 min to burst the cells and denature the protein. The mixture was then centrifuged at 12,500 g 
for 10 min in a refrigerated centrifuge (Hawk 15/05) at 4°C. The supernatant was transferred into a 
fresh tube and the tube containing mycelia and other impurities was discarded. To the supernatant, 
500 µL chloroform was added and mixed thoroughly using a vortex mixer. This was then centrifuged 
at 12,500 rpm (9800 g) for 15 min at 4°C. The upper aqueous layer containing DNA was carefully 
placed into a fresh micro tube so that the interface layer remained undisturbed. To the DNA solution, 
2 volumes pure ethanol was added, the sample was incubated on ice for 10 min to allow the DNA 
molecules aggregate, and then spun again for 5 min as described above. The supernatant was 
discarded using a wide-bore pipette. DNA pellets at the bottom of the tube were washed with 70% 
ethanol, dried in a vacuum for 5-10 min, and re-suspended in 50-100 µL TE buffer depending on the 
pellet size. Dissolved DNA was stored at -20°C.

The purity and concentration of genomic DNA was quantified using a Nanodrop 
spectrophotometer (Nanodrop Technologies, Wilmington, DE, USA). The quality of genomic DNA 
isolated by electrophoresis on an 0.8% agarose gel in 1X TBE buffer.

To amplify the DNA fragments, variable number tandem repeat-polymerase chain reaction 
(VNTR-PCR) was used. VNTR-PCR amplifies short tandem-repeated DNA sequences in the 
fungal genome. This method uses a single primer to amplify a complex of fragments from repeat 
regions within the fungal genome. The primer RY with the sequence 5'-CAGCAGCAGCAGCAG-3' 
was used for VNTR analysis. The following master mix for the 20-µL reactions was prepared: 1X 
PCR Buffer (2.4 µL), 3 mM MgCl2 (0.16 µL), 0.2 mM dNTPs (1 µL), 1 pmol primer (2.0 µL), 0.5 
U Taq polymerase enzyme (0.2 µL), and sterile water (14.24 µL). Next, 19 µL master mix was 
aliquoted into 0.5-mL PCR tubes and 1 µL genomic DNA (5 ng/µL) of each isolate was added. One 
drop of mineral oil was added to each PCR tube to prevent evaporation. An Eppendorf Master cycler 
personal (Hamburg, Germany) was used for amplification. The PCR lid was set to 103°C and the 
following VNTR-PCR protocol was used: a) 94°C, 2 min (for initial denaturation of DNA), b) 94°C for 
20 s (for denaturation), c) 45°C for 30 s (for annealing), d) 72°C for 2.5 min (for extension); the b-d 
cycle was repeated 35 times, and e) 72°C for 5 min (for final extension); the reaction was held at 4°C.

After PCR, 2 µL 6X loading dye was added to each tube and mixed thoroughly. A 2% 
agarose gel with 1X TAE was used to separate molecular weight of DNA with marker, l HindIII. 
In each of the other wells, PCR products for each isolate with loading dye was loaded and 
electrophoresed for 3 h at 80 V. Gels were visualized under ultraviolet light after staining with 
ethidium bromide. An imaging system was used to visualize the results.

Data analysis

Survey data were statistically analyzed to determine the level of significance using the 
MSTAT package program developed by Russel (1986). Differences between pairs of means were 
compared using Duncan’s multiple range test as stated described by Gomez and Gomez (1984). 
For molecular data analysis, the presence (1) or absence (0) of bands at different positions on 
the gel against the molecular weight of the marker (fX174) was noted manually and the binary 
outputs were analyzed using NTSYS-pc version 2.1. A similarity matrix was calculated for cluster 
analysis using the SAHN subprogram with the unweighted pair group method with arithmetic mean 
clustering method as implemented in NTSYS-pc.
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RESULTS

Survey of sheath rot disease

In irrigated rice, the severity of sheath rot disease was found to vary significantly with 
respect to location. Among the 9 locations, DS was the highest in Gopalgonj (58.78%) and the 
lowest (21.59%) in Bogra. DS in Gopalgonj was statistically similar to that observed in Gazipur 
(55.7), Jessore (51.5), Chittagong (47.1), and Comilla (43.6). The lowest DS in Bogra was similar 
to that in Bhola (25.8) and Rangpur (37.5). The DS of sheath rot was moderate in Manikgonj (40.7) 
(Table 2). Similarly, the highest percent hill infection was observed in Gopalgonj (46.7), and hill 
infection in Manikgonj, Comilla, and Jessore was statistically similar to that in Goplagonj. The lowest 
hill infection was found in Bogra (7.8) (Table 2). Tiller infection was also lowest in Bogra (0.81%), 
but the highest tiller infection was observed in Manikgonj (4.0%), which was statistically similar to 
that in Gopalgonj, Comilla, and Jessore. The minimum incidence in Bogra was similar to those in 
Bhola, Gazipur, Chittagong, and Rangpur. In rain-fed rice, DS in Gopalgonj and Bhola was similar, 
but significantly higher (62.3%) compared to other locations. The lowest DS was found in Comilla 
(19.1%), which was similar to that in Chittagong (33.7%) and Jessore (34.5%). Sheath rot DS at 
Bogra (42.4%), Rangpur (41.1%), and Gazipur (38.1%) was statistically similar, but significantly 
higher than that in Comilla and lower than Gopalgonj (Table 2). Percent hill infection in Gopalgonj 
(48.9%) was significantly higher compared to other locations. The lowest hill infection was recorded 
in Comilla (6.7%) in this season. Hill infection in Bogra, Chittagong, and Rangpur was 9.7, 10.7, and 
12.9%, respectively, and these values were statistically similar to that in Comilla. Tiller infection was 
significantly higher in Gopalgonj (5.82%). Percent tiller infection in Bogra, Rangpur, Chittagong, 
and Comilla was similar, but lower than values in other locations. Tiller infection at Bhola, Gazipur, 
and Jessore was moderate. The overall percentage of occurrence of DS was higher in irrigated rice 
compared to rain-fed rice, though the difference was not significant (Figure 1).

Cultural variations among isolates of Sarocladium oryzae

Mycelial growth of the 29 isolates on the 8th day varied from 17.5-32.5 mm. Based on 
the growth of the isolates on PDA medium, by 8 days, the isolates were divided into 6 groups. 
The results are presented in Table 3 and indicate that the growth of 1 isolate from Gazipur was 
the highest (32.5 mm), which was distinctly different from other isolates and thus placed in group 

Locations AEZ  Irrigated rice, 2006-2007   Rain-fed, 2006

  % Disease index % Hill infection % Tiller infection % Disease index % Hill infection % Tiller infection

Bhola AEZ-18 25.8 21.0 0.88 51.8ac 24.3bc 2.12b

Bogra AEZ-3 21.6   7.8 0.81 42.4c 9.7d 1.26c

Chittagong AEZ-18 47.1 15.5 1.63 33.7cd 10.7d 1.88c

Comilla AEZ-19 43.6 36.4 3.00 19.1d 6.7d 1.95c

Gazipur AEZ-28 55.7 25.7 1.21 38.1c 25.7b 2.12b

Gopalgonj AEZ-12 58.8 46.7 3.27 62.3a 48.9a 5.82a

Jessore AEZ-11 51.5 31.1 2.78 34.5cd 14.2b 2.42bc

Manikgonj AEZ-8 40.7 45.7 4.00 35.0cd 14.4b 2.43bc

Rangpur AEZ-2 37.5 21.3 1.80 41.1c 12.9cd 1.55c

LSD at 5%  17.5 20.3 1.59  18.4 11.7 1.97

Table 2. Occurrence of sheath rot disease at different locations in irrigated and rain-fed rice fields from 2006-2007.

AEZ = agro-ecological zone.
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1. Isolates no. 24 and 26 collected from Gopalgonj and Jessore showed similar growth and were 
placed in group 2. Three isolates, 2 from Bogra (no. 10 and 13) and 1 (no. 27) from Chittagong, 
were in group 3. Of the 29 isolates tested, 8 isolates showed similar mycelial growth. Among these, 
isolates no. 2 and 4 were from Gazipur; 11 and 14 from Bogra; 16, 18, 19 from Chittagong; and no. 
21 from Comilla (group 4). The largest number of isolates (9) was in group 5, of which isolate no. 3 
was from Gazipur, nos. 12, 13, and 15 were from Bogra, no. 17 was from Chittagong, nos. 20 and 
22 were from Comilla, and isolate nos. 28 and 29 were from Bhola. Six isolates made up group 6, 
of which isolates 5-8 were from Rangpur and no. 25 was from Jessore.

Figure 1. Impacts of seasonal variations on the occurrence of sheath rot disease irrespective of location.

Group Isolate Designation Place of collection                                       Mycelial growth by 8 days (mm)

   Minimum Maximum

1 1 Gazipur - 32.5
2 24, 26 Gopalgonj, Jessore 29.0 29.7
3 10, 13, 23 Bogra, Chittagong 26.8 27.5
4 2, 4, 11, 14, 16, 18, 19, 21 Gazipur, Bogra, Comilla, Chittagong 24.0 25.0
5 3, 12, 15, 17, 20, 22, 28, 29 Gazipur, Bogra, Comilla, Chittagong, Bhola 21.5 23.5
6 5, 6, 7, 8, 9, 25, 27 Rangpur, Jessore 17.5 19.5

Table 3. Cultural grouping of Sarocladium oryzae based on mycelial growth on PDA.

Mycelial growth within a group varied within 2.0 mm.

Conidia size

The size of the conidia of the 29 isolates of S. oryzae from 9 locations is shown in Table 4. 
Among the locations, the minimum length of the conidia was 2.40-3.60 µm and the maximum ranged 
from 4.80-7.20 µm. Similarly, the minimum width ranged from 1.20-2.16 µm and the maximum 
ranged from 2.37-2.40 µm for all isolates. The mean length of the conidia varied individually and 
independently. The highest mean length (5.37 µm) of the conidia was observed in an isolate from 
Bogra, which was followed by another isolate from the same location with a length of 5.33 µm. The 
lowest mean length (3.40 µm) of the conidia was produced by an isolate from Bhola. In the same 
location, the mean length of the conidia varied between isolates. The highest variability in length 
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was observed in isolate no. 20 from Chittagong, and isolate no.16 from Comilla showed the lowest 
variability. With respect to width, the lowest variability was observed in isolate no.16 from Comilla, 
and isolate no. 2 from Gazipur showed the highest variability. The range in overall size of conidia 
of the selected isolates was 2.40-7.20 x 1.20-2.40 µm. The standard deviation varied between 0.47 
and 1.02 µm for length and between 0.04 and 0.51 µm for width.

Isolate # Place of collection                                            Length (µm)                                          Width (µm)

  Range Means ± SD Range Means ± SD

  1 Gazipur 2.40-4.80 4.16 ± 0.75 2.16-2.40 2.38 ± 0.06
  2 Gazipur 3.60-7.20 4.92 ± 0.58 1.20-2.38 1.70 ± 0.51
  3 Gazipur 2.40-6.00 4.42 ± 0.81 1.68-2.40 2.10 ± 0.33
  4 Gazipur 2.45-5.80 4.30 ± 0.63 1.24-2.39 1.75 ± 0.50
  5 Rangpur 2.40-6.00 4.32 ± 0.81 1.68-2.40 2.20 ± 0.28
  6 Rangpur 3.60-5.98 4.04 ± 0.67 1.68-2.39 2.22 ± 0.29
  7 Rangpur 3.59-6.00 4.68 ± 0.85 1.92-2.40 2.37 ± 0.10
  8 Rangpur 2.88-4.78 3.93 ± 0.59 1.91-2.37 2.26 ± 0.22
  9 Rangpur 2.87-4.73 3.92 ± 0.58 1.90-2.38 2.25 ± 0.20
10 Bogra 3.60-7.20 5.37 ± 0.80 1.68-2.40 2.28 ± 0.23
11 Bogra 3.59-7.19 4.88 ± 0.93 1.67-2.39 2.28 ± 0.23
12 Bogra 3.58-7.18 5.33 ± 0.86 1.66-2.40 2.38 ± 0.13
13 Bogra 3.59-7.17 4.83 ± 0.91 1.67-2.39 2.29 ± 0.22
14 Bogra 2.40-4.80 3.67 ± 0.53 1.44-2.40 2.07 ± 0.38
15 Bogra 2.64-4.78 3.46 ± 0.59 1.44-2.39 1.76 ± 0.23
16 Comilla 2.88-4.80 3.71 ± 0.47 1.68-2.38 2.10 ± 0.26
17 Comilla 2.88-4.80 3.78 ± 0.48 1.44-2.39 1.95 ± 0.38
18 Comilla 2.40-4.81 3.60 ± 0.71 2.16-2.40 2.39 ± 0.04
19 Comilla 3.60-4.80 4.20 ± 0.61 1.92-2.37 2.30 ± 0.20
20 Chittagong 3.58-7.20 5.04 ± 1.02 1.44-2.40 2.27 ± 0.22
21 Chittagong 3.60-6.00 4.68 ± 0.91 1.68-2.38 2.23 ± 0.30
22 Chittagong 3.59-6.00 4.82 ± 0.72 1.68-2.39 2.22 ± 0.26
23 Chttagong 2.40-6.00 3.99 ± 0.79 1.44-2.40 2.18 ± 0.30
24 Gopalgonj 2.88-4.80 4.26 ± 0.65 1.68-2.38 2.08 ± 0.28
25 Jessore 2.40-4.79 3.86 ± 0.62 1.92-2.40 2.12 ± 0.25
26 Jessore 3.60-4.80 4.20 ± 0.61 1.68-2.37 2.08 ± 0.34
27 Jessore 2.40-6.00 4.00 ± 0.78 1.44-2.39 2.06 ± 0.40
28 Bhola 2.40-4.80 3.64 ± 0.62 1.92-2.40 2.26 ± 0.22
29 Bhola 2.40-6.79 3.40 ± 0.64 1.68-2.39 1.98 ± 0.22

Table 4. Conidial measurement of the 29 selected isolates of Sarocladium oryzae from 9 locations in Bangladesh.

Molecular characterization of Sarocladium oryzae

Amplification of DNA fragments of the 29 isolates of S. oryzae following the VNTR-PCR 
protocol and through agarose gel showed different banding patterns or fingerprint types (FPTs) of 
the isolates. Among the 29 isolates, isolate no. 3 produced only a single band. Some bands were 
common in a number of isolates; however, some isolates had specific bands at particular locations. 
The band marked in isolate 4 was absent in isolates 5, 6, 7, 8, 9, and 10, among others. The double 
band observed in isolate 16 was not common to all isolates (Figure 2).

Analysis of the DNA FTPs of the 29 isolates of S. oryzae, obtained by VNTR-PCR using 
NTSYS software revealed different clusters based on similarity. At the 80% similarity level, the 
isolates were grouped into 10 clusters (Figure 3). Ten clusters were represented as 10 FPTs. FPT-1 
was the largest group and included 13 isolates (isolate nos. 1, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 17, 
and 18). Group 2 included isolates 23, 27, and 28 and was the third largest group. Groups 3, 4, 5, 
and 6 were represented by a single isolate, nos. 22, 11, 20, and 26, respectively. Three isolates 
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(nos. 2, 3, and 29) showed similarity at the 80% level and were included in group 7. Groups 8 and 
9 were represented by isolate no. 4 and 16, respectively. The second largest group was group 
10, which was represented by 4 isolates (nos. 19, 21, 24, and 25). The results observed in the 
dendrogram (Figure 3) clearly indicated that genetic variability in S. oryzae exists in Bangladesh.

Figure 3. Dendrogram showing clusters of the 29 isolates of Sarocladium oryzae assessed by VNTR analysis with 
primer RY on an agarose gel.

Figure 2. DNA fingerprints of different isolates of Sarocladium oryzae using primer RY.
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Among the 10 FPTs, the most predominant was FPT-1, which included 44.8% of the total 
population of 29 isolates (Table 5). This FPT was distributed in 4 districts, including Bogra, Comilla, 
Gazipur, and Rangpur. With respect to predominance, FPT-1 was highest, followed by FPT-10, 
which represented 13.6% of the population and was distributed in Chittagong, Comilla, Gopalgonj, 
and Jessore. The third highest category was FPT-2, which represented 10.3% of the population 
and was distributed in Bhola, Chittagong, and Jessore. The number of populations in group 7 was 
similar to that in group 2; however, the populations were distributed in 4 locations, including Bhola, 
Chittagong, Gazipur, and Jessore. Each of the other groups, including groups 3, 4, 5, 6, 8, and 
9, was represented by only 1 isolate, found in Chittagong, Bogra, Jessore, Gazipur, and Comilla, 
respectively. Two isolates from Bhola were represented by groups 2 and 7. From Bogra, 6 isolates 
were tested, of which 5 represented group 1 and 1 was in group 4. Four isolates from Chittagong 
were distributed in 4 groups, with each group containing only 1 isolate, respectively. Four isolates 
from Comilla were in groups 1, 9, and 10. Four isolates from Gazipur were in groups 1, 7, and 8. 
Only one isolate from Gopalgonj was placed in group 10. From Jessore, 3 isolates were in groups 
2, 6, and 10, and all 5 isolates from Rangpur showed similar banding patterns and were placed in 
group 1 (Table 5).

Group (FPT)                     Number of isolates is each group with respect to location   Total

 Bhola Bogra Chittagong Comilla Gazipur Gopalgonj Jessore Rangpur

  1  5  2 1   5 13 (44.8%)
  2 1  1    1    3 (10.3%)
  3   1      1 (3.4%)
  4  1       1 (3.4%)
  5   1      1 (3.4%)
  6       1  1 (3.4%)
  7 1    2     3 (10.3%
  8     1    1 (3.4%)
  9    1     1 (3.4%)
10   1 1  1 1    4 (13.6%)
Isolate # 2 6 4 4 4 1 3 5 29
Types 2 2 3 4 3 1 3 1

*Figures in parenthesis are percentages of total population.

Table 5. Frequency distribution of groups of fingerprint types at 80% similarity by VNTR analysis of 29 isolates of 
Sarocladium oryzae using primer RY.

The similarity matrix among the 10 different FPTs, as shown in Table 6, indicated that 
similarity was highest (98.3%) between FPT-2 and FPT-10. In addition, more than 90% similarity 
was observed between FPT-2 and FPT-7 (97.7%), FPT-7 and FPT-10 (95.2%), FPT-1 and FPT-2 
(93.8%), FPT-1 and FPT-7 (93.2%), FPT-2 and FPT-8 (92.0%), and FPT-7 and FPT-8 (91.4%). The 
most distantly related group in the present study was FPT-6 and FPT-9, for which the similarity was 
only 50%. A similar relationship was observed between FPT-5 and FPT-6 and FPT-5 and FPT-9. 
The results indicated that although the 29 isolates of S. oryzae were separated into 10 FPTs, all 
FPTs are not equally related with respect to similarity, which ranged from 50.0-98.3%.

DISCUSSION

Variations in the incidence and severity of sheath rot with respect to seasons and locations 
were clear based on our results. The overall DS was higher in irrigated rice compared to that in rain-
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fed rice, though the difference was not significant. The occurrence of sheath rot disease in rice has 
been reported in various rice-growing countries, including Bangladesh (Agnihothrudu, 1973; Amin 
et al., 1974; Shahjahan et al., 1977; Shahjahan et al., 1994). In India, Reddy et al. (2001) reported 
a higher incidence and severity of sheath rot disease in rain-fed rice than in irrigated rice. However, 
little information is available regarding seasonal variations and the occurrence of this disease.

Overall, the incidence and severity of sheath rot disease was higher in irrigated rice 
compared to rain-fed rice, but both rice ecosystems were equally conducive to the development of 
sheath rot disease. In the present study, higher DS was observed in irrigated rice, which disagrees 
with the results of a previous report (Reddy et al. 2001). In the same season, environmental factors 
such as temperature and relative humidity may vary with respect to location, influencing disease 
development. Therefore, DS is not expected to be high during a particular season throughout the 
country. Singh and Raju (1981) reported that the level of minimum temperature and relative humidity 
influenced the development of sheath rot disease. Disease development reached a maximum 
when the minimum temperature was 17°-20°C and the minimum relative humidity was 40-50% 
during the flowering stage. The maximum temperature, maximum relative humidity, rainfall, and 
sunlight levels could not be correlated with DS.

Mycelial growth on PDA medium and sporulation in different locations indicated cultural 
variability among the pathogen isolates. Different workers reported different conidial measurements. 
According to Ou (1985), conidia size ranged from 4.0-9.0 x 1.0-2.5 µm. The size of conidia of S. 
oryzae according to Brady (1980) was 1.8-13 x 1-1.6 µm from culture; in 50 isolates from different 
countries, including Bangladesh, the length was 3.25-8.0 µm and width was 1.2-2.5 µm. The 
standard deviation was 0.36-1.56 µm for length and was 0.17-0.70 µm for width. The conidial 
measurement obtained by Groth (1992) was 3.5-9.0 x 1.0-2.5 µm.

VNTR-PCR revealed the wide genetic diversity among the populations of S. oryzae in 
Bangladesh. This is the first report from Bangladesh regarding the population structure of S. 
oryzae. Within the population, variation was observed regarding the predominance of FPTs or 
groups. The population of Comilla showed the maximum variability and the population of Rangpur 
was found to be relatively uniform. At all other locations, there were variations among the isolates. 
However, in Gopalgonj, only 1 isolate was used in the experiments; therefore, no inferences could 
be made regarding pathogen variability in this location. Among the population, group 1 was the 
most predominant and widely distributed. Therefore, this group should be examined when first 
developing varieties resistant to sheath rot disease. Analysis of DNA FPTs clearly indicated genetic 
variability among the population of S. oryzae in Bangladesh. Twenty-nine isolates were grouped 

Groups    1    2 3    4 5    6 7 8 9 10

  1 1.000         
  2 0.938 1.000        
  3 0.754 0.799 1.000       
  4 0.78 0.825 0.641 1.000      
  5 0.732 0.777 0.593 0.619 1.000     
  6 0.696 0.741 0.557 0.583 0.535 1.000    
  7 0.932 0.977 0.793 0.819 0.771 0.736 1.000   
  8 0.875 0.92 0.736 0.762 0.714 0.678 0.914 1.000  
  9 0.696 0.741 0.557 0.583 0.535 0.50 0.736 0.678 1.000 
10 0.913 0.983 0.774 0.80 0.752 0.716 0.952 0.895 0.716 1.000

Table 6. Inter cluster similarity matrix of 10 fingerprint types of 29 isolates of Sarocladium oryzae (dice similarity 
coefficient).
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into 10 FPTs; FPT-1 was predominant, representing 44.8% of the total population. Isolates from 
Comilla were found to be more variable, but those from Rangpur were relatively uniform.

Variability among the population of S. oryzae has also been reported in India (Ayyadurai 
et al., 2005). Genetic variability among isolates collected from North East and South India, studied 
using VNTR with the GF and MR primers, revealed 2 major clusters. In the present study, isolates 
from different locations in Bangladesh were grouped into 10 clusters based on VNTR with primer 
RY. Bridge et al. (1997) also reported that VNTR derived RY primers are suitable for generating 
genetic fingerprints of some filamentous fungi, including S. oryzae. They also found that the 
MR and GY primers are equally suitable for this purpose. No other studies have examined the 
genetic fingerprinting of S. oryzae; however, variability among the population of this pathogen with 
respect to toxin production has been reported (Nandakumar et al., 2007). Latif et al. (2011 and 
2013) successfully used VNTR with the GF, MR, and RY markers to examine the phylogenetic 
relationships among resistant and susceptible genotypes of rice blast, tungro, and ufra diseases. 
Development of durable disease-resistant varieties depends on pathogen variability (Ayyadurai 
et al., 2005; Miah et al., 2013). By understanding the population structure of S. oryzae, a plant 
breeder can enhance varietal development. Therefore, our results are important for identifying the 
FTPs of S. oryzae.
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