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Abstract  Morphological and molecular based 
experiments were conducted to identify the presence of 
Rhizoctonia solani, R. oryzae and R. oryzae-sativae which 
were the causal agents of sheath blight and sheath 
blight-like symptoms associated with sheath disease 
complex of rice. Disease survey was conducted at Bogra, 
Comilla, Gazipur and Rajshahi Districts in Bangladesh. 
The data collected revealed that sheath blight was the most 
important disease (19.8%) followed by aggregated sheath 
spot (2.4%), and sheath spot (2.3%). Three pathogens of 
the disease complex were identified morphologically by 
their spot size, general appearance of spot, number of spot, 
position in plant, sclerotium visibility and sclerotial size on 
infected plant. Those three species of Rhizoctonia of rice 
sheath disease complex were confirmed by diagnostic-PCR 
with their corresponding reference isolates by using 
specific primers GMRS-3, GMRO-3, GMROS-2 to 
Rhizoctonia solani, R. oryzae and R. oryzae-sativae, 
respectively. Molecular approaches might overcome the 
limitations of morphological characterization particularly 
when huge samples were needed to distinguish. 

Keywords  Rice, Rhizoctonia Spp., Disease Complex, 
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1. Introduction
Most researches have been done on sheath blight disease 

of rice caused by Rhizoctonia solani which is one of the 
most important fungal diseases in the world [1]. A huge 
yield loss of about 50% due to this pathogen was reported 
when susceptible cultivars were planted [2, 3]. But three 
different pathogens involved producing sheath blight 
complex [4, 5]. The complexity made by 3 pathogens are 
Rhizoctonia solani, Rhizoctonia oryzae-sativae and 
Rhizoctonia oryzae causing sheath blight, aggregate sheath 
spot and sheath spot symptoms, respectively [6, 7]. Little 
work has been done on aggregated sheath spot and sheath 

spot in Bangladesh. Morphological and Genetical 
Variability in Rhizoctonia solani isolates was studied by 
Moni et al. [20]. Some other researchers conducted studies 
on sheath blight disease complex in similar conditions [22, 
24, 25]. 

Sheath blight pathogen, R. solani is particularly 
important on food crops, where a wide range of crops may 
be attacked within the mixed farming systems of 
small-scale farmers. This fungus may survive for very long 
periods in soil-borne debris and on alternative hosts in 
rice-based cropping systems, where a range of susceptible 
hosts are grown adjacent or sequential to the rice crop. The 
other two pathogens of the disease complex, R. oryzae and 
R. oeyzae-sativae, while not considered being important 
worldwide as R. solani, have also been reported on rice in 
regions where sheath blight is important [4, 8]. These two 
diseases produce almost similar symptoms like sheath 
blight. As a result, it becomes very difficult to distinguish 
the diseases especially at early stages of disease 
development [9]. So it becomes difficult to control the 
disease at early stages of plant infection. 

Rice resistance to these diseases is limited and resistance 
screening in multi-location trials has been restricted by the 
inability to clear identification and assessment of these 
diseases. Although disease management strategies using an 
integrated approach are required, these are hindered by the 
current lack of knowledge of pathogen variability and lack 
of availability of methods to detect and diagnose the 
pathogens. The availability of an accurate and rapid 
diagnostic method of these pathogens is central to the 
implementation of appropriate integrated management 
strategies [10, 11]. 

The conventional diagnostic methods of pathogens are 
multi-stage, time consuming and labor-intensive [12]. 
Biotechnology is able to discriminate reliably, among 
closely related organisms within a population [13]. 
Molecular approaches may overcome the limitations of 
morphological characterization [12, 14, 15].  

Keeping this in view, the present investigations were 
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undertaken to investigate the diversity of populations of R. 
solani, R. oryzae and R. oryzae-sativae within a field 
population in order to obtain a clearer picture of the 
relationships of such population types. 

2. Materials and Methods
2.1. Disease Survey and Sample Collection 

Survey was conducted during Aus (pre-wet season) 
Transplanting Aman (wet season) and Boro (winter 
season). Four districts of Bangladesh where the disease 
severity was high were selected. These were Bogra, 
Comilla, Gazipur and Rajshahi. Two Upazilas were 
selected in each District. Each Upazila was consisted of 
two Union Parishads. There were three blocks in each 
Union Parisad. Six fields were selected in each Block. In 
total, 72 rice fields in each District were surveyed for 
sample collection following the protocol of Savary et al. 
[16]. The survey sheet was designed on the basis of Zigzag 
sampling pattern of survey (Fig. 1). 

Diseaseinfected plant parts of three species of 
Rhizoctonia were collected based on their symptoms (Fig. 
2). 

Figure 1.  A Zigzag sampling pattern used in blast disease survey. Black 
dot indicates sampling position of the plant and black line indicates 
50-step distance between two plants. 

Figure 2.  The symptoms produced by Rhizoctonia spp. fungi: A. Sheath 
Blight (Rhizoctonia solani); arrow indicates matured brown sclerotium on 
leaf; B. Aggregate Sheath Spot (Rhizoctonia oryzae-sativae) and C. 
Sheath Spot (Rhizoctonia oryzae). 

2.2. Isolation and Purification of Pathogens from 
Infected Plant Parts 

The pathogens associated with the disease symptoms 
were isolated following tissue plating method. Small pieces 
of infected rice stem were surface-sterilized by 1% Clorox, 
washed by running tap water and placed on PDA (potato 
dextrose agar; taken 200g potato, 20g dextrose and 20g 
agar powder for 1 liter volume) media in a petri dish and 
kept under alternate dark and NUV light (12 hr/12 hr) for 
2-3 days to allow growing of mycelia. Single mycelial tip 
(hyphal tip) of the pathogen well separated from others was 
taken carefully with a sterile needle by using a low power 
stereomicroscope in a safety cabinet and transferred onto 
PDA media and incubated at 280C in a controlled incubator 
for several more days. In this way, pathogens of three 
species of Rhizoctonia from different locations were 
purified.  

2.3. Morphological Identification of Three Species of 
Rhizoctonia 

Isolates were identified on the basis of mature colonies 
on PDA in petridishes and those were confirmed as the 
isolates of Rhizoctonia spp. [17] were retain in culture. 
Other identifying characteristics viz. spot size, general 
appearance ofspot, number of spot, position in plant, 
sclerotium visibility and sclerotial size were observed on 
infected plant.  

2.4. Diagnostic PCR for Identification of Three Species 
of Rhizoctonia 

2.4.1. Preparation of Mycelia 
A small piece of purified mycelia was transferred into a 

flask containing liquid potato dextrose medium and grown 
for 5 days under room condition on a shaker. The mycelia 
were harvested on sterile muslin cloth, washed by sterile 
RO-water, squeezed to remove water and then mycelia ball 
was taken in sterile universal tube and then stored at -200C. 
The frozen mycelia were freeze dried for 72 hrs to remove 
water from the mycelia. 

2.4.2. DNA Preparation 
Mycelia from fungi were extracted by filtering through 

Whatman No. 1 filter paper and after freeze drying mycelia 
were kept in freezer. Liquid nitrogen was used to grind 
freeze dried mycelia. Total genomic DNA was harvested 
from mycelia of tested isolates following the extraction 
protocol of Lodhi et al. [18]. 
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Table 1.  List of isolates used in diagnostic PCR for identifying Rhizoctonia spp. 

Sl. Isolate Sl. Isolate Sl. Isolate Sl. Isolate 

1 ASS (ROS) 11 ShS (RO) 21 ShB (RS) 31 ShB (RS) 

2 ShB (RS) 12 ShB (RS) 22 ShB (RS) 32 ASS (ROS) 

3 ASS (ROS) 13 ShB (RS) 23 ShB (RS) 33 ASS (ROS) 

4 ShB (RS) 14 ShB (RS) 24 ShB (RS) 34 ASS (ROS) 

5 ShB (RS) 15 ShB (RS) 25 ShB (RS) 
35 Reference RO (ShS) 

(EMBL accession AJ000195) 6 ShB (RS) 16 ShB (RS) 26 ShB (RS) 

7 ShB (RS) 17 ShB (RS) 27 ShB (RS) 
36 Reference ROS (ASS) 

(EMBL accession AJ000193) 8 ShB (RS) 18 ShB (RS) 28 ShB (RS) 

9 ShB (RS) 19 ShB (RS) 29 ShB (RS) 
37 Reference RS (ShB)  

(EMBL accession AJ000197) 10 ShB (RS) 20 ShB (RS) 30 ShB (RS) 

ASS= aggregate sheath spot, ROS= R. oryzae-sativae, ShB= sheath blight, RS= R. solani, ShS= sheath spot, RO= R. Oryzae 

Table 2.  List of primers used in diagnostic PCR for identifying Rhizoctonia spp. 

Primer Sequence (5′-3′) R/F* Remarks 

GMROS-2 CGG CTC ATC CTT GAA AAA TCC R Specific for R. oryzae-sativae 

GMRS-3 AGT GGA ACC AAG CAT AAC ACT R Specific for R. solani 

ITS1 TCC GTA GGT GAA CCT GCG G F White et al.,1990; F for GMROS-2 and GMRS-3 

GMRO-3 TAC GCC TTG AAG TCC CTG TAG F Specific for R. oryzae 

R635 GGT CCG TGT TTC AAG ACG G R Liu et al., 1991; R for GMRO-3 

*Direction as R for Reverse and F for Forward

2.4.3. PCR Analysis 
Five R. oryzae-sativae, one R. oryzae and twenty-eight R. 

solani isolates with their corresponding reference isolates 
[5] and one negative control were used in this experiment 
(Table 1). The volume of PCR reaction was 25μl 
containing DNA template 5μl (@1ng/μl), Ready-mix Red 
Taq 12.5μl, primer (forward) 2.5μl, primer (reverse) 2.5μl 
and SD water 2.5μl. Species specific primers, GMROS-2 
(Specific for R. oryzae-sativae), GMRS-3 (Specific for R. 
solani), GMRO-3 (Specific for R. oryzae) were used 
separately in each PCR reaction (Table 2). The PCR 
conditions were: 940C for 1 min followed by 600C (for 
primer GMRO and GMROS) or 520C (for primer GMRS-3) 
for 1 min; 40 cycles having 720C for 30 sec, 940C for 30 sec 
and 600C or 520C for 30 sec for each cycle. Finally, it was 
run at 720C for 5 min. In gel electrophoresis, 2.5% agarose 
gel for R. solani and 1.5% agarose gel both for R. 
oryzae-sativae and R. oryzae were used. Gel was run for 
1hr at 100V. Ethidium bromide @ 2.5μl/100μl of 0.5X 
TBE buffer was used both in tank and gel buffer for 
staining. 

3. Result and Discussion
Disease survey: Occurrence and severity of sheath blight, 

sheath spot and aggregated sheath spot were surveyed in 
Rajshahi, Gazipur, Comilla and Bogra during Aus (pre-wet 
season) rice, transplanted Aman (wet season) rice and Boro 

(winter) rice. Disease survey results were presented in 
Figure 3, 4 and 5. All the three pathogens of rice sheath 
disease complex were recorded in surveyed locations. 
Sheath blight (19.8%) was recorded as the most prevalent 
disease in all the locations and seasons followed by 
aggregated sheath spot (2.4%) and sheath spot (2.3%) (Fig. 
3). Maximum sheath blight was recorded at Rajshahi (41%) 
while minimum (18%) at Bogra. About 82% samples were 
collected from Comilla as aggregated sheath spot which 
was the maximum. Sheath spot was also maximum (83.7%) 
at Comilla district. But incidence of aggregated sheath spot 
and sheath spot were the minimum at other three (Bogra, 
Gazipur and Rajshahi) districts (Fig. 4). Among the 
seasons, Aus crop (pre-wet season; 25.5%) was the most 
favourable for sheath blight disease followed by T. Aman 
crop (wet season; 16.3%) and Boro crop (winter season; 
12.1%) (Fig. 5). 

Wide scale adoption of highly susceptible cultivars and 
intensification with mono crop rice cultivation appeared to 
be the major causes of high sheath blight incidence. Use of 
high dose of nitrogenous fertilizer and closer spacing might 
be the other courses for high incidence. Intensive disease 
survey indicated R. solani (sheath blight) as the dominant 
pathogen and importantly identified wide occurrence of R. 
oryzae-sativae either singly or along with R. solani in rice 
production system in Bangladesh. Sheath blight disease 
requires high humidity and high temperature in the crop 
canopy to develop vertically and horizontally. Boro is dry 
season maintaining lower humidity and temperature in the 
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crop canopy in the field compared to T. Aman and T. Aus 
seasons which might be the reason having more disease in 
wet season than dry season. Similar observations were 
made by Moni et al. [20], Rashad et al. [21], Akter et al. 
[22], Gue et al. [23], Inagaki et al. [4] and Shajahan 
[24].More disease in wet season than dry season was also 
recorded by Sharma et al. [25] and Sreenivasaprasad [26]. 
The present study was in accordance with their findings. 

The lowest incidence of ShS and ASS were associated 
with highest severity of ShB in Rajshahi and the highest 
incidence of ShS and ASS were associated with lowest 
severity of ShB in Comilla. The results indicated that ShB 
pathogen might have been suppressed by ShS and ASS 
perhaps by antagonistic interactions among them. Our 
findings were supported by the results of Akter et al. [27], 
Sharma et al. [25] and Sreenivasaprasad [26]. 

Differences in Sheath blight severity between fields was 
visible even within the same block possibly due to the 
differences in primary inocula and also differences in crop 
management practices such as irrigation water, spacing 
between plants and rows. The three pathogens of sheath 
blight, sheath spot and aggregated sheath spot are soil 
borne and spread locally mostly during land preparation 
through irrigation water and agricultural implements. 
Accumulation of higher number of pathogen propagules in 
a particular field within a block is not unlikely and that 
might be another reason for differences in disease 
incidence between fields. Variation in crop varieties used 
and cultural practices such as fertilizer use between fields 
might have also affected disease incidence. 
Sreenivasaprasad [26] and Taheri et al. [28] reported the 
similar results which supported the present study. 

Figure 3.  Mean incidence of sheath blight, aggregated sheath spot and 
sheath spot diseases of rice in Bangladesh 

Figure 4.  Presence of sheath blight, aggregated sheath spot and sheath 
spot diseases at Bogra, Comilla, Gazipur and Rajshahi sites 

Figure 5.  Seasonal occurrence of sheath blight, aggregated sheath spot 
and sheath spot diseases of rice 

Morphological Identification of Three Species of 
Rhizoctonia 

Disease characteristics on plant produced by 
Rhizoctonia spp. were presented in Table 3. Several large 
spots (1-3 cm) of sheath blight were observed on sheath 
and leaf of rice plant. The sclerotium size was around 2 mm 
and easily visible on the spot. Sheath spot symptom was 
medium in size (0.5-1 cm), single spot appeared on sheath 
only and sclerotium was not visible on spot. Several small 
(0.5-1 cm size) aggregate sheath spots were found on leaf 
and sheath and their sclerotia were not visible on spot. 
Similar results were described by Sharma et al. [25], 
Sreenivasaprasad [26] and Amaradasa [29]. Present study 
was in accordance with their findings. 

Diagnostic PCR for Identification of Three Species of 
Rhizoctonia 

All the DNA of 37 isolates of Rhizoctonia spp., of which 
five from R. oryzae-sativae (ASS), one from R. oryzae 
(ShS), 28 from R. solani (ShB) and three from standard 
reference isolates, were amplified in PCR using primers 
GMROS-2 (Specific for R. oryzae-sativae), GMRO-3 
(Specific for R. oryzae) and GMRS-3 (Specific for R. 
solani), respectively with their corresponding standard 
reference isolates. The result was presented in Figure 6. 
The primer GMROS-2 annealed only with the DNA of R. 
oryzae-sativae and its standard reference isolate. So, only 
the DNA of R. oryzae-sativae was amplified. After gel 
electrophoresis and staining of gel, only sample number 1, 
3, 32, 33, 34 and reference isolate 36 were visualized at the 
same position. It indicated that those isolates were R. 
oryzae-sativae (Figure 6A). In the same way, primer 
GMRO-3 annealed with the DNA of sample number 11 
and its reference isolate 35. Hence only they were 
visualized in gel at the same position (Figure 6B) 
indicating that it was R. oryzae. Primer GMRS-3 annealed 
with isolate number 2, 4-10, 12-31 and their reference 
isolate 37. Therefore, only DNA of those isolates were 
amplified and visualized in gel at the same position which 
indicated that those isolates were R. solani (Figure 6C). For 
all the PCRs, negative control (without DNA template) 
didn’t amplify indicating that the PCR reagents used in the 
reactions were non-infected by any foreign DNA. 
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Table 3.  Morphological characteristics of Rhizoctonia sheath disease complex on rice plant 

Disease characteristics on plant 
Disease identification 

Appearance of spot Spot size 
(cm) 

Number of 
spot 

Position in 
plant Sclerotia in plants Sclerotia 

Size (mm) 
Large 1-3 Several Sheath & leaf Visible 2 Sheath blight 

Medium 0.5-2 Single Sheath Not visible - Sheath spot 

Small 0.5-1 Several Sheath & leaf Not visible - Aggregate sheath spot 

Visual diagnose of Rhizoctonia species infected sheath 
diseases of rice are comparatively difficult due to the 
similarity of the symptoms with those caused by other 
disorders. The pathogens R. oryzae and R. oryzae-sativae, 
which produce very similar symptoms in the field, have 
been reported on rice in many countries from eastern and 
south-eastern Asia [4, 30]. 

Figure 6.  Diagnostic PCR for (A) R. oryzae-sativae, (B) R. oryzae and 
(C) R. solani using specific primer GMROS-2, GMRO-3 and GMRS-3, 
respectively. 

In the diagnostic PCR, specific primer to Rhizoctonia 
spp. were used to develop a rapid PCR based diagnostic 
test and provided an accurate identification of the 
Rhizoctonia spp. on rice. Johanson et al. [5] described test 
on the specificity of the primers and showed that species 
specific primers provided the means for accurate 
identification of the Rhizoctonia species responsible for 
sheath diseases in rice. Sreenivasaprasad [26] and 
Matsumoto et al. [6] described PCR based analysis for the 
possibility of direct diagnosis of R. solani, R. oryzae and R. 
oryzae-sativae. The present study was also supported by 
them. 

Utilization of molecular tool in combination with 
intensive disease survey confirmed the presence of those 
three pathogens in rice sheath disease complex in 

Bangladesh. Together with morphological characters, 
these molecular markers revealed diversity not only 
between isolates from geographically different regions, 
but also within ones from the same or similar 
agro-ecological regions [20, 31].  

4. Conclusions
All the three pathogens of rice sheath disease complex 

were recorded in surveyed locations. Irrespective of 
location R. solani (ShB) was the major pathogen followed 
by R. oryzae satieve (ASS) and R. oryzae (ShS). Maximum 
ShB was recorded in Rajshahi district while maximum 
ASS and ShS were observed in Comilla district. Among 
the cropping seasons, Aus was the most favourable for 
sheath blight disease followed by T. Aman and Boro 
season. Morphologically, three pathogens of rice sheath 
disease complex was identified though it was multi-stage, 
time consuming, labor-intensive and comparatively 
difficult to diagnose due to the similarity of the symptoms 
with those caused by other disorders. But diagnostic 
PCR-based technology identified those pathogens rapidly 
and accurately which might overcome the limitations of 
morphological characterization.  
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