
V
D
A
IS
C
A
h

 
 
 
 
 
 

Fu
 

D

M

3D

 
 
INT
 
She
Rhi
(Fra
rice
Yie
low
est
has
200
  

*C
 
Au
Int

Vol. 13(51), pp
DOI: 10.5897/A
Article Numbe
SSN 1684-5315
Copyright © 20
Author(s) retain
http://www.ac

ull Length 

Diversit

Mehi Lal1*, 

2Dep
Department of

Sheath blig
isolates we
investigated
sclerotia, s
highly susc
highly virul
and on the 
similarity v
RS-15) both
(Punjab). Is
from Uttar 
and some is
 
Key words:

TRODUCTION

eath blight is
izoctonia so
ank) Donk. S
e production 
eld losses of 
wland rice in 

imation of los
s been repor
03).  

Corresponding a

uthor(s) agree t
ternational Lice

. 4594-4605, 17
AJB2013.13106
r: 6C584D5490

5  
014 
n the copyrigh
cademicjourn

Research

ty ana

Vivek Sing

1Division of
partment of A
f Plant Pathol

ght (Rhizocto
ere collected
d, on the ba

size of scler
ceptible cult
lent and viru
basis of Jac
aried from 1

h from Kerala
solates from 

Pradesh and
solates were

 Rice, sheath

N  

 one of the s
olani Kühn (
Sheath blight 

areas world 
5-10% have 
Asia (Savar

sses due to s
rted to be u

author. E-mail:

that this article
ense 

7 December, 
 
000 

ht of this article
als.org/AJB 

h Paper 

lysis o
bl

gh1, Janki 

f Plant Pathol
Agricultural Bio

ogy, Sardar V

Rece

onia solani) c
d from diffe

asis of colon
rotia, diamet
ivar Pusa Ba

ulent. Geneti
ccard’s simila
17 - 77%. Ma
a whereas, lo
same geogra
d Punjab. Is

e identified a

h blight, Rhizo

serious disea
(Thanatephor
disease of ri
over (Savar
been estima

ry et al., 20
sheath blight 
p to 54.3% 

 mehilalonine@

 remains perm

 2014  

e 

of Rhiz
ight of
Kandhari1

logy, Indian A
otechnology, 
VallabhBhai P

ived 2 August, 2

causes seve
erent parts 

ny colour, gr
ter and num
asmati-1 and
ic variability 
arity coeffici

aximum simi
owest simila
aphical regio

solates were
s highly viru

octonia solani

ases caused 
rus cucumer
ce occurs in 

ry et al., 200
ated for tropi
000). A mode

of rice in Ind
(Chahal et a

@gmail.com. T

anently open a

zoctoni
f rice i

 
, Pratibha 

 
Agricultural Re

Anand Agricu
Patel Universi

 
013; Accepted 2

 
re loss in th
of India. M

rowth pattern
mber of scler

d isolates w
of R. solani

ient, 4 major
larity (77%) 

arity (17%) w
ons showed 

e classified b
ulent and viru

i, cultural, pat

by 
ris) 
all 

06). 
cal 
est 
dia 
al., 

In 
rice s
resist
biolog
blight
resea
genet
India,
availa

el: 0955740632

access under th

Afric

ia sola
n India
Sharma1, V

esearch Instit
ultural Univer
ity of Agricultu

28 November, 20

e production
Morphologica
n, hyphal wi
rotia. Pathog

were classifie
i was also a
r clusters we
was found b

was observed
similarity in

based on mo
ulent.  

thogenic, mol

present days
sheath blight
tant cultivars
gical control
t resistant v
arch. Howeve
tic variability 
, non-availab
ability of ap

20. Fax: 0121-

he terms of the

can Journ

ani cau
a 
Vinay Kum

tute, New Del
rsity, Anand (G
ure and Tech

014 

n of rice in In
al and cultu
idth, colony 
genic variab
ed into two m
analyzed usin
ere formed. 
between two
d between RS
 DNA profile
orphologica

lecular, variab

s, attempts a
disease usin

s (Premalatha
methods. In 

varieties has 
er, lack of ad

of the fung
bility of resist
ppropriate ma

-2576584.  

e Creative Com

al of Biote

using s

mar2 and Sh

lhi, India. 
Gujarat), Indi

hnology, Meer

ndia. Twenty
ural charact
growth, form

bility was st
major group
ng 10 RAPD
The range o

o isolates (R
S-22 (Delhi)

es except few
l, cultural ch

bility. 

are being ma
g cultural pra
a, 1990), fu
India, breedi
been a pri

dequate inform
al population
tant donors 
arkers are 

mmons Attributi

echnolog

sheath

hiv Murti3

a. 
rut UP, India.

y five (25) 
ers were 
mation of 
udied on 

ps that is, 
D markers 
of genetic 
RS-14 and 

and RS-4 
w isolates 
haracters 

ade to contro
actices, use o
ngicides, and
ing for sheath
iority area o
mation on the
n occurring in
and the non
some of the

on License 4.0

 

y 

 

ol 
of 
d 
h 

of 
e 
n 

n-
e 

0 



 
 
 
 
limiting factors for developing suitable strategies for 
control measure (Neeraja et al., 2002). However, there is 
no resistant cultivar available for practical use and the 
present intensive rice cultivation practices offer a 
favourable condition for disease development. Also there 
is considerable pressure from environmental scientists to 
decrease emphasis on chemical control. Breeding for 
disease resistance, though most practical and feasible 
method, it could not be a final solution because the 
potential variability of most pathogens will not permit any 
currently successful variety to remain resistant for an 
indefinite period.  

In R. solani variability is being observed due to muta-
tion, and heterokayrosis. These processes affect the 
morphological, cultural, pathogenic and molecular 
charac-ters of R. solani population. Subsequently, 
disease epidemiology is also affected. However, under-
standing of disease epidemiology and host- pathogens 
interactions is highly dependent on knowledge of the 
pathogen diversity. Considerable variability is reported on 
the basis of cultural, morphological and virulence 
character in R. solani (Sunder et al., 2003). Many 
problems associated with studying different level of 
diversity in Rhizoctonia are best addressed through the 
use of molecular genetic markers.  

At the species level, molecular markers aid in the 
development of species concept by providing information 
about the limit of genetically isolated group in relation to 
pattern of morphological variation and mating behavior; at 
the population level, molecular markers provide a basis 
for identifying pattern, dispersal and colonization in 
spatial and temporal distribution (Vilgalys and Cubeta, 
1994). Duncan et al. (1993) concluded that random 
amplified polymorphic DNA- polymerase chain reaction 
(RAPD-PCR) analysis is a very useful alternative to 
anastomosis grouping for identification of isolates of R. 
solani.  

Molecular markers are used as important tools for 
characterization of genetic diversity in pathogens where 
morphological characteristic are either absent or not able 
to differentiate isolates properly (Sharma et al., 1999). 
Moreover morphological characters are also influenced 
by environmental and cultural conditions. Therefore, 
problems associated with studying different levels of 
genetic diversity in R. solani have been suggested to be 
best addressed by use of molecular techniques (Toda et 
al., 1999).  

Molecular techniques have become reliable and are 
highly suitable tools for identifying pathogen species and 
for assessing genetic variation within collections and 
populations (Sundravadana et al., 2011). Recently, 
Banerjee et al. (2012) reported that the RAPD can still be 
considered as a reliable, efficient and effective marker 
technology for determining genetic relationships in 
Rhizoctonia spp. Therefore, present investigations were 
conducted to study the morphological, cultural, patho-
genic and molecular variability of R. solani collected from 
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different geographical locations of India.  
 
 
MATERIALS AND METHODS 
 
Isolation of Rhizoctonia solani 
 
In the present study, rice plants infected with sheath blight disease 
were collected from different agro climatic zones of India (Figure 1). 
Diseased leaf sheath were cut into 1 to 1.5 cm long bits. The bits 
were cleaned in sterilized distilled water and surface sterilized with 
0.25% sodium hypochlorite solution for 30-60 s, washed thoroughly 
three times with sterilized distilled water and blot dried. These bits 
were then placed on potato dextrose agar (PDA) medium in Petri 
plates and were incubated at 27-30°C for 2-3 days. After three days 
incubation, fine radiating mycelium growth was observed from the 
edge of infected bits. A small bit of mycelium was transferred onto 
the PDA slants and thus pure culture was obtained. Cultures were 
maintained on sterile potato dextrose agar slants at 4.0°C.  
 
 

Morphological variability 
 

Hyphal and sclerotial characteristics 
 

Mycelium of 48 h old cultures were stained with 0.5% aniline blue in 
lacto phenol or only in water without any dyes followed by hyphal 
widths of each isolate was measured under microscope with 20 
observations (each isolates and mean of observation was reported) 
was, before taking observation with microscope; microscope was 
calibrated with stage and ocular micrometer. Four days old fungus 
hyphae were mounted in water on microscopic slide for recordings 
type of septa, constriction and angle of branching. Mycelial discs of 
5 mm diameter from three days old cultures of each isolate was 
transferred into the center of sterilized PDA plates and incubated 
for 10 days at 28±2°C to determine sclerotial characteristics and 
then after observations were recorded visually by method described 
by Burpee et al. (1980). Sclerotia formation pattern (central, 
peripheral and scattered), number of sclerotia and time taken for 
sclerotia formation were recorded. Diameters of the sclerotia were 
measured in respect of 20 random sclerotia with the help of Digital 
Vernier Calipers (Mitutoyo Corp, Japan). 
 
 
Cultural variability 
 

Colony characteristics  
 

The colour of colony was determined with the help of Munsell’s soil 
color chart (Munsell Color Company, Inc., 1954). The culture and 
key colour card was placed side by side against white background 
under sun light for comparison.  

Growth pattern was recorded by visual observation according to 
the growth of hyphae: abundant, Aerial mycelium obscures surface 
mycelium and touches the cover of the Petri dish; moderate, Aerial 
mycelium obscures surface mycelium, but does not touch the cover 
of Petri dish, and scarce, aerial mycelium does not obscure surface 
mycelium. Radial growth rate was measured for each isolate with 
three replications using meter scale at interval of 24, 48 and 96 h 
after incubation of the inoculated Petri dish at 28±2°C.  
 
 
Pathogenic variability 
 

An experiment was conducted in the National Phytotron facility at, 
IARI, New Delhi during Kharif season 2006-2007 and rice cultivar 
highly susceptible to sheath blight disease Pusa Basmati-1 (Pusa 
167 × Karnal Local), was used for the study of pathogenic variability 
against all the isolates. The seedlings were raised in earthen pots 
of 10 "diameter. Transplanting was done after 25 days of sowing in 
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uncut λ DNA of known concentration. The resuspended DNA was 
then diluted in TE buffer to for use in PCR amplification and stored 
at -20°C.  
 
 
Randomly amplified polymorphic DNA (RAPD) analysis 
 
To reveal the genetic diversity among the R. solani isolates using 
RAPD markers, the PCR reaction conditions were standardized. A 
set of 23 random decamer primers were used for the preliminary 
screening on R. solani out of which only 10 RAPD primers were 
found better in respect of polymorphic pattern and reproducibility 
were used for this study. The polymerase chain reaction was 
carried out in a final volume of 25 µl containing 2.5 µl of 10x assay 
buffer (100 mM Tris-Cl; pH 8.3, 500 mM KCl, 15 mM MgCl2 and 
0.1% gelatin), 0.04 mM of each dNTPs (dCTP,dGTP,dATP,dTTP) 
(MBI Ferment Inc. USA) 0.4 µM of primer (Table 4), 1.0 unit of Taq 
DNA polymerase (Bangalore Genei Pvt. Ltd., Bangalore, India) and 
20 ng of template DNA. The amplification reaction was performed in 
a Thermal Cycler (Eppendorf AG, Germany) programmed for 39 
cycles: 1st cycle of 5 min at 94°C followed by 38 cycles each of 1 
min at 94ºC, 1 min at 36°C and 2 min at 72°C. The final extension 
step consisted of one cycle of 10 min at 72°C for complete 
polymerization. After completion of the PCR, 2.0 µl of 6X loading 
dye (MBI Ferment Inc. USA) was added to the amplified products 
and were loaded on 1.2% (m/v) agarose (MBI Ferment Inc. USA) 
gels and electrophoresis was carried out at 60 V for 3 h in 1x TAE 
buffer, stained with ethidium bromide and visualized under UV light 
trans illuminator. Gel photographs were scanned through Gel Doc 
System (Syngene, Cambridge, U.K). The sizes of the amplification 
products were estimated by comparing them to standard DNA 
ladder (1 Kb DNA ladder; MBI Ferment Inc. USA). All the result was 
repeated twice for confirmation of the polymorphism. 
 
 
RAPD data scoring 
 
Each amplification product was considered as RAPD marker and 
was scored across all samples/ isolates. Data were recorded in 
binary matrix as presence (1) or absence (0) of band products from 
the examination of gel photographs. Jaccard’s similarity coefficient 
(Jaccard, 1908) was measured and a dendrogram based on 
similarity coefficients was generated by using the un-weighted pair 
group method using arithmetic averages (UPGMA) (Sneath and 
Sokal, 1973) and the SHAN clustering. All the analysis were done 
by using the computer package NTSYS-PC version 2.02e (Rohlf, 
1997).  
 
 
Statistical analysis 
 
Morpholological cultural and pathogenic study was conducted in 
Completely Randomized Design and SAS software (SAS Institute, 
version 9.1, Cary, NC) used for statistical analysis using Duncan 
Multiple Range Test (DMRT). F-test was used as statistical test and 
level of LSD was P=0.05. 
 
 
RESULTS AND DISCUSSION 
 
Isolation of R. solani  
 
In the present study, 25 isolates were taken for studying 
variability. Sheath blight infected rice plants were collec-
ted and the pathogen R. solani was isolated and purified 
by  single hyphal tip / single  sclerotial  method.  Cultures 
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were maintained on sterile PDA slants in test tube, at 4°C 
for further study. 
 
 
Cultural variability  
 
Colony colour  
 
The colour of the colony was observed from the bottom 
side of Petri dish. Based on the colony pigmentation, all 
the isolates were assigned into five groups: light brown, 
yellowish brown, whitish brown, dark brown and very pale 
brown. Six isolates were found light brown, five isolates 
were found yellowish brown, four isolates were whitish 
brown in colour, six isolates were dark brown and four 
isolates (RS-9, RS-17, RS-21 and RS-23) were very pale 
brown (Table 1). Sunder et al. (2003) also reported that 
colony colour ranged from brown, light brown, dark 
brown, and yellowish brown. The discolorations of the 
growth media is mainly attributed to the production of 
pigments by the pathogens. The difference in the 
intensity of the colour may also correspond to the amount 
of pigments released by respective isolate in the media. 
 
 
Growth pattern 
 
On the basis of growth pattern, the isolates were 
categorized into three groups: abundant, moderate and 
scarce growth. Eight isolates (RS-12, RS-14, RS-15, RS-
19, RS-21, RS-23, RS-24, RS-25) showed abundant 
growth, four isolates were moderate and 13 isolates only 
scarce growth pattern (Table 1). Burpee et al. (1980) also 
reported that three groups of growth pattern that was 
abundant, moderate, and slight. 
 
 
Diameter of growth rate 
 
Diameter growth rate was recorded after 24, 48 and 72 h 
after incubation of the inoculated Petri dsih at 28±2°C 
(Table 1). On the basis of mean of three readings, 
isolates were classified into three groups: fast, medium 
and slow growing. Fast growing (>65 mm) 12 isolates 
included RS-1, RS-5, RS-6, RS-7, RS-10, RS-14, RS-15, 
RS-17, RS-18, RS-20, RS-23, RS-24 and were catego-
rized into group 1. Medium growing (60-65 mm) 11 
isolates included RS-2, RS-3, RS-4, RS-8, RS-9, RS-11, 
RS-12, RS-13, RS-16, RS-21, RS-25 and were 
categorized into group 2 and the remaining two, slow 
growing isolates (40-59 mm) included RS-19, RS-22 
were categorized into group 3. 
 
 
Morphological variability   
 
Morphological diversity was studied based on the 
phenotypic (morphological) appearance of the isolates. 
The observations were recorded on the hyphal
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Table 1. Cultural characteristic of different isolates of R. solani on PDA medium. 
 

Isolate Place of collection Colony colour 
Growth 
pattern 

Colony growth dia (mm) Mean diameter (mm) for 
categorization of the 

isolates 24 h* 48 h* 72 h* 

RS- 1 Jalandhar, Punjab Light brown Scarce 16.00 90.00 90.00 65.33 
RS-2 Kapurthala, Punjab Whitish Brown Scarce 14.00 83.50 90.00 62.50 
RS-3 Moga, Punjab Dark brown Moderate 14.00 90.00 90.00 64.66 
RS-4 Ludhiana, Punjab Whitish brown Scarce 12.00 82.00 90.00 61.33 
RS-5 Ramgarh, Punjab Yellowish brown Scarce 29.50 90.00 90.00 69.83 
RS-6 Pant Nagar, Uttarakhand Whitish brown Scarce 28.00 90.00 90.00 69.33 
RS-7 Haldi, Uttarakhand Yellowish brown Scarce 24.50 90.00 90.00 68.16 
RS-8 Rudrapur ,Uttarakhand Yellowish brown Scarce 16.25 84.75 90.00 63.66 
RS-9 Kanpur, Uttar Pradesh Very pale brown Moderate 8.75 88.75 90.00 62.50 
RS-10 Faizabad, Uttar Pradesh Light brown Scarce 23.50 90.00 90.00 67.83 
RS-11 Ghaziabad ,Uttar Pradesh Light brown Scarce 13.50 81.66 90.00 61.72 
RS-12 Merrut, Uttar Pradesh Light brown Abundant 19.50 81.83 90.00 63.77 
RS-13 Merrut, Uttar Pradesh Yellowish brown Moderate 15.75 85.75 90.00 63.83 
RS-14 Pattambi, Kerala Dark brown Abundant 31.25 76.16 90.00 65.80 
RS-15 Moncopu, Kerala Dark brown Abundant 24.00 81.66 90.00 65.22 
RS-16 Maduari, Tamil Nadu Whitish brown Scarce 13.25 89.25 90.00 64.16 
RS-17 Rajendranagar,Andhra Pradesh Very pale brown Moderate 29.00 90.00 90.00 69.66 
RS-18 Hisar, Haryana Dark brown Scarce 29.50 83.25 90.00 67.58 
RS-19 IARI Farm, New Delhi Light brown Abundant 17.00 61.00 90.00 56.00 
RS-20 Gayalshing, Sikkim Light brown Scarce 31.66 90.00 90.00 70.55 
RS-21 IARI Farm, New Delhi Very pale brown Abundant 17.50 86.50 90.00 64.66 
RS-22 IARI Farm, New Delhi Dark brown Scarce 6.0 48.50 77.00 43.83 
RS-23 IARI Farm, New Delhi Very pale brown Abundant 27.00 90.00 90.00 69.00 
RS-24 Hoshiarpur, Punjab Dark brown Abundant 20.50 90.00 90.00 66.83 
RS-25 IARI Farm, New Delhi Yellowish brown Abundant 23.25 67.83 90.00 60.36 
CD (P=0.05)    1.65 1.36 1.58 1.69 

 

*Means of three replications. RS-24 and 25, maize isolates. 
 
 
 
characteristics and several sclerotial features of 25 
isolates grown on PDA medium after specific incubation 
period. The basic characteristics of R. solani are 
mycelium branching at right angles, characteristic 
constriction at the point of branching and formation of 
septum near the point of origin of the branch. It was an 
obvious observation for the mycelial branching at right 
angles as a known feature of R. solani (Sneh et al., 
1991). Microscopic studies revealed that all the 25 
isolates of R. solani in the present study characteristically 
had hyphal branching at right angle, constriction at the 
point of branching of the mycelium and presence of a 
septum near the branching junction which is of immense 
taxonomical importance. Hyphal width ranged from 4.75 
to 7.43 μm. Maximum hyphal width (7.43 μm) was 
observed in isolate RS-22 (New Delhi) while minimum 
(4.75 μm) was observed in isolate RS 20 (Sikkim). On the 
basis of hyphal width the isolates were grouped into two 
categories (Group1: 4.0-6.0 μm and Group 2: 6.1-8.0 
μm). Thirteen isolates were categorized into group 1 
while 12  isolates (RS- 1, RS- 3, RS-6,  RS- 8, RS- 9, RS- 

13, RS- 15, RS- 21, RS- 22, RS- 23, RS- 24, RS- 25) 
formed group 2 ( Table 2 ).  
 
 
Sclerotial characteristics 
 
Observations for the variation in the sclerotial 
characteristics were taken such as the number, size, 
formation of sclerotia and time taken for initiation of 
sclerotial formation. Number of the sclerotia ranged from 
0 to >60. No sclerotium was formed in isolate RS-22 and 
was categorized into group 1 (poor). None of the isolate 
was categorized in group 2 (fair) and group 3 (moderate). 
Group 4 (good) included six isolates (RS-2, RS-8, RS-14, 
RS-15, RS-19, RS-24), Group 5 (very good) included 
seven isolates (RS-4, RS-7, RS-12, RS-13, RS-20, RS-
23, RS-25) and group 6 (excellent) included 11 isolates 
(Table 2). Mostly isolates were had more number of 
sclerotia except RS-22 from New Delhi, which was hadno 
sclerotia at all. According to Meyer, (1965) sclerotia may 
be absent in some R. solani isolates under certain cultural  
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Table 2. Formation of sclerotia, average diameter, no. of sclerotia per Petridish and hyphal width of different isolates of R. 
solani.  
 

Isolate 
Formation of 
sclerotia 

*Average sclerotia 
diameter (mm) 

Number of 
sclerotia/ 
Petridish 

*Average hyphal width  
(µm ) 

RS- 1 Scattered 1.47egdfch Excellent  7.13ba 
RS-2 Peripheral 1.52egdfc Good 5.64edfc 
RS-3 Central 1.73bdac Excellent 7.13ba 
RS-4 Scattered 1.64ebdfc Very good  5.35edf 
RS-5 Central 1.34egfh Excellent  5.05ef 
RS-6 Peripheral 1.29gfh Excellent  7.13ba 
RS-7 Scattered 1.72bdac Very good  5.95ebdfc 
RS-8 Scattered 1.72bdac Good 6.83bac 
RS-9 Scattered 1.13h Excellent 7.13ba 
RS-10 Central 1.59egdfc Excellent  5.94ebdfc 
RS-11 Scattered 1.54egdfc Excellent  5.94ebdfc 
RS-12 Scattered 1.56egdfc Very good  5.94ebdfc 
RS-13 Scattered 1.39egdfh Very good  6.81bac 
RS-14 Peripheral 1.81bac Good 5.94ebdfc 
RS-15 Central 1.82bac Good 6.54bdac 
RS-16 Peripheral 2.00ba Excellent 5.94ebdfc 
RS-17 Central 1.75bdac Excellent  5.94ebdfc 
RS-18 Peripheral 2.03a Excellent  5.05ef 
RS-19 Peripheral 1.68ebdac Good 5.05ef 
RS-20 Peripheral 1.60egdfc Very good 4.75f 
RS-21 Scattered 1.49egdfc Excellent  6.83bac 
RS-22 - - Poor 7.43a 
RS-23 Central 1.27gh Very good  7.13ba 
RS-24 Central 1.28gfh Good 6.24ebdac 
RS-25 Central 1.40egdfh Very good  6.24ebdac 
CD(P=0.05)  0.27  0.35 

 

Scale for number of sclerotia; 0, Poor; 1-10, fair; 11-20, moderate; 21-40, good; 41-60, very good; >60, excellent. *Avg. of 20 
observations; Mean in a column followed by the same letter are not significantly different according to DMRT. 

 
 
 
conditions therefore the absence of sclerotia does not 
mean that it is not a mycelium from R. solani. On the 
basis of diameter of sclerotia, the isolates were 
categorized into 2 groups. Group 1 had diameter range 
from 1.13-1.5 mm and Group 2 from 1.5-2.03 mm. 
Diameter of the sclerotia was observed maximum in 
isolate RS 18 (2.03 mm) and minimum in RS-9 (1.13 
mm). Nine isolates (RS-1, RS-5, RS-6, RS-9, RS-13, RS-
21, RS-23, RS-24, RS-25) were categorized into group 1 
while 15 isolates were categorized into group 2 (Table 2). 
Basu et al. (2004) also reported that sclerotial diameter 
ranged from 0.23 to 1.91 mm and found that the 
abundance and size of sclerotia determine the virulence 
of an isolate. Butranu (1988) observed that the number, 
viability, size, and weight of sclerotia of R. solani could 
not be correlated with rice sheath blight intensity. In the 
present studies though there was a correlation between 
the bigger size of sclerotia and high virulence in isolates 
RS-16, RS-18, similar pattern was not followed by other 
isolates.  

Formation of sclerotia was observed in the Petri dish 
and classified into three groups. Sclerotia formed in the 
central region with a ring formed group 1 (RS-3, RS-5, 
RS-10, RS-15, RS-17, RS-23, RS-24, RS-25; eight 
isolates). Other 7 isolates (RS-2, RS-6, RS-14, RS-16, 
RS-18, RS-19, RS-20) were found in peripheral manner 
and classified into group 2. Those isolates which could 
not be classified either peripheral or central formed a 
separate group 3, which is scattered (Figure 2). Singh et 
al. (2002) reported sclerotial formation in the same 
manner that is, central/peripheral/scattered. There was 
also variation in the time taken for initiation of sclerotial 
formation; it ranged from 3 to 5 days. Four isolates (RS-5, 
RS- 6, RS- 9, RS- 24) took 3 days for initiation of 
sclerotial formation, 17 isolates (RS-1, RS-3, RS-4, RS-7, 
RS-8, RS-10, RS-11, RS-12, RS-13, RS-15, RS-16, RS-
17, RS-18, RS-20, RS-21, RS-23, RS-25) took 4 days for 
initiation of sclerotial formation. Three isolates (RS-2, RS-
14, RS-19) took five days for initiation of sclerotial 
formation. Mostly, isolates take four days for initiation of
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Table 3. Virulence pattern of different isolates R. solani in Phytotron (Temp. 28°C, RH 100%) on Pusa Basmati -1. 
 

Isolate 
Relative lesion height (%) 

Disease 
score 

Category Grade *Maximum 
tillering stage 

*Panicle 
initiation stage 

Mean 

RS-1 65.84 56.94 61.39ijfhkg 7 MV S 
RS-2 71.61 55.66 63.63eidjfhkg 7 MV S 
RS-3 81.29 59.62 70.45ebdac 9 V HS 
RS-4 69.47 54.10 61.79ijfhkg 7 MV S 
RS-5 78.43 53.19 65.81ebdfhcg 9 V HS 
RS-6 75.61 58.58 67.09ebdfcg 9 V HS 
RS-7 66.37 61.64 64.01eidjfhcg 7 MV S 
RS-8 76.82 59.15 67.98ebdfc 9 V HS 
RS-9 61.51 51.33 56.42jk 7 MV S 
RS-10 60.71 58.29 59.50ijhkg 7 MV S 
RS-11 74.63 60.31 67.47ebdfcg 9 V HS 
RS-12 75.18 54.80 64.99eidfhcg 7 MV S 
RS-13 63.96 64.00 63.98eidjfhcg 7 MV S 
RS-14 71.03 53.09 62.06ijfhkg 7 MV S 
RS-15 75.21 56.89 66.05ebdfhcg 9 V HS 
RS-16 82.81 64.47 73.64ba 9 V HS 
RS-17 79.90 63.04 71.47bdac 9 V HS 
RS-18 78.65 73.27 75.96a 9 V HS 
RS-19 62.80 51.78 57.29ijk 7 MV S 
RS-20 79.75 64.54 72.15bac 9 V HS 
RS-21 73.12 59.11 66.11ebdfhcg 9 V HS 
RS-22 61.69 55.89 58.79ijhk 7 MV S 
RS-23 73.52 50.97 62.24eijfhkg 7 MV S 
RS-24 77.16 59.32 68.24ebdfc 9 V HS 
RS-25 61.39 50.23 55.81jk 7 MV S 
CD (P=0.05)   6.78    

 

*Means of three replications. Mean in a column followed by the same letter are not significantly different according to DMRT; M V, 
moderately virulent; V, virulent; S, susceptible; HS, highly susceptible.   

 
 
 
Table 4. Primers sequence, number of polymorphic and monomorphic bands, percent polymorphism and size range of amplicons. 
 

Primer 
Name  

Primer Sequences  
(5’to3’) 

Total number of 
bands amplified 

Polymorphic 
bands 

Monomorphic 
bands 

Percent 
polymorphism 

Size range of 
amplicon (bp) 

OPA-10 GTGATCGCAG 11 11 0 100 250-2000 
OPA-13 CAGCACCCAC 8 7 1 90 250-2000 
OPC-18 TGAGTGGGTG 18 18 0 100 250-2000 
OPC-19 GTTGCCAGCC 11 11 0 100 250-2000 
OPF-06 GGGAATTCGG 9 8 1 90 250- ~1750 
OPH-18 GAATCGGCCA 14 14 0 100 250-2000 
OPQ-1 GGGACGATGG 12 12 0 100 250-2000 
OPR-1 TGCGGGTCCT 12 12 0 100 250-1500 
OPZ-20 ACTTTGGCGG 13 13 0 100 250-2000 
GCC-1 ATGGATCCGC 18 18 0 100 250-2500 
Total  126 124 2   

 
 
 
be distinguished as RS-23 and RS-24, isolates RS-16 
(TN) with RS-18 (Haryana) and RS-20 with RS-21. RS-16 

and RS-18 could be distinguished by primer OPC-19 and 
500 bp size of the band was common most of the isolates.   
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and plain areas of U.P. in India. They analyzed intra-field 
variability in R. solani through RAPD fingerprinting and 
found high variability among them. 
 
 
Conclusion 
 
R. solani has sterile mycelia and it produced sclerotia. It 
showed greater variation in cultural/morphological 
characteristics, for example size of sclerotia and 
formation of sclerotia. Wide range of pathogenic 
variability was observed in R. solani, because within 
district of a state isolates revealed moderately virulent 
and virulent categories. It might be a reason that the 
isolates produced greater number of clones in this 
district. Primer OPF-06 could be used to develop specific 
marker for detection of R. solani. From this study it could 
be concluded that virulent isolates (RS-16, RS-18, RS-20 
and RS 21) should not have similar genetic makeup. 
Even though, R. solani isolates from maize also did not 
have similar banding pattern. 
 
 
Conflict of Interests 
 
The author(s) have not declared any conflict of interests. 
 
 
REFERENCES 
 
Akai S, Ogura H, Sato T (1960). Studies on Pellicularia filamentosa 

(Pat.) Rogers. I. On the relation between the pathogenicity and some 
characters on culture media. Ann. Phytopathol. Soc. Jpn. 25:125-
130. 

Banerjee S, Dutta S, Mondal A, Mandal N, and Bhattacharya S (2012) 
.Characterization of molecular variability in Rhizoctonia solani 
isolates from different agro-ecological zones by random amplified 
polymorphic DNA (RAPD) markers. Afr. J. Biotechnol. 40: 9543-9548, 

Basu A, Podder M, Sengupta PK (2004). Variability and anastomosis 
among the rice  isolates of R. solani. Indian Phytopathol. 57:70-72. 

Bhaktavatsalam G, Satyanarayana K, Reddy A PK, John VT (1978). 
Evaluation of Sheath blight resistance in rice. IRRN. 3:9-10. 

Burpee LL, Sander PL, Sherwood RT (1980). Anastomosis group 
among isolates of Ceratobasidium cornigerum (Bourd) Rogers and 
related fungi. Mycologia 72:689-701 

Butranu W (1988). Carrying capacity of component crops of Rhizoctonia 
solani Kuhn inoculums in relation to multiple cropping. M. Sc. Thesis. 
University of Philippines, Los Banos, Philippines. 

Chahal SS, Sokhi SS, Ratan GS (2003). Investigation on sheath blight 
of rice in Punjab. Indian Phyotpathol.56:22-26. 

Duncan S, Barton JE, O’Brien, PAO (1993). Analysis of variation in 
isolates of Rhizoctonia solani by random amplified polymorphic DNA 
assay. Mycol. Res. 97:1075-1082. 

Guleria S, Aggarwal R, Thind TS, Sharma TR (2007). Morphological 
and pathological variability in rice isolates of Rhizoctonia solani and 
molecular analysis of their genetic variability. J. Phytopathol.155:641-
653. 

Jaccard P (1908). Nouvelles researches sur la distribution florale. Bull. 
Soc. Vaud Sci. Nat. 44:223-270. 

Meena B, Ramamoorthy V, Muthusamy M (2001). Morphological and 
path- logical variations in isolates of Rhizoctonia solani causing 
sheath blight of rice. Plant Dis. Res. 16:166-172.  

Meyer RW (1965). Heterokaryosis and Nuclear Phenomenon in 
Rhizoctonia. Ph. D. Thesis, University of California, Berkeley, 118p. 

 

Lal et al.         4605 
 
 
 
 Munsell’s soil colour chart (1954). Munsell colour Co. Inc. Baltimore, 

Maryaland, U.S.A. 
Murray MG, Thompson WF (1980). Rapid isolation of high molecular 

weight plant DNA. Nucleic Acid Res. 8:4321-4325. 
Neeraja CN, Shenoy VV, Reddy CS, Sharma NP (2002). Isozyme 

polymorphism and virulence of Indian isolates of rice blight fungus. 
Mycopathologia 156:101-108.  

Pascual CB, Toda T, Raymondo AD, Hyakumachi M (2000). 
Characterization by conventional techniques and PCR of Rhizoctonia 
solani isolates causing banded leaf blight in maize. Plant Pathol. 
49:108-118.  

Premalatha Dath A (1990). Sheath blight disease of rice and its 
management. Associated Publishing Company, New Delhi.129 pp. 

Rohlf FJ (1997). NTSYS-PC- Numerical taxonomy and Multivariate 
Analysis System. Version 2.0, Exeter Software, Setauket, New York, 
USA. 

Savary S, Teng PS, Willocquet L, Nutter, FW Jr (2006). Quantification 
and modeling of crop losses: a review of purposes. Annu. Rev. 
Phytopathol. 44: 89-112 

Savary S, Willocquet L, Elazegui FA, Castilla N, Teng PS (2000). Rice 
pest constraints in tropical Asia: quantification and yield loss due to 
rice pests in a range of production situations. Plant Dis. 84: 357-369. 

Saxena SC (1997). Banded leaf and sheath blight of maize. In: 
Management of threatening plant diseases of national importance. 
Eds. Agnihotri, V.P., Sarbhoy, A.K. and Singh, D.V. Malhotra 
publishing house, New Delhi. 31-50.  

Sharma M, Gupta S K, Sharma TR (2005). Characterization of 
variability in Rhizoctonia solani by using morphological and molecular 
markers. J. Phytopathol. 153: 449-456. 

 Sharma TR, Prachi, Singh BM (1999). Association of Polymerase chain 
reaction in phytopathogenic microbes. Indian J. Microb. 39: 79-91  

 Sharma NR, Teng PS, Olivares PM (1990). Comparison of assessment 
methods for rice sheath blight disease. Phill. Phytopathol. 26: 20-24. 

Singh A, Rohilla R, Singh US, Savary S, Willocquet L, Duveiller E 
(2002). An improved inoculation technique for sheath blight of rice 
caused by Rhizoctonia solani. Can. J. Plant Pathol. 24: 65-68. 

Sneath PHA, Sokal R (1973). Numerical Taxonomy. The Principles and 
Practices of Numerical classification. WH Freeman and Co., San 
Francisco, CA, USA. 

Sneh B, Burpee L, Ogoshi A (1991). Identification of Rhizoctonia 
species. Ann Phytopathol Soc Press, St.Paul, Minnesota. 133p. 

Sunder S, Singh R, Dodan DS (2003). Standardization of inoculation 
methods and management of sheath blight of rice. Indian J. Plant 
Pathol. 21:92-96.  

Sundravadana S, Thirumurugan S, Alice D (2011). Exploration of 
Molecular Variability in Rhizoctonia bataticola, the incitant of root rot 
disease of pulse crops. J. Plant Prot. Res. 2:184-189. 

Toda T, Hyakumachi M, Arora DK (1999). Genetic relatedness among 
and within different Rhizoctonia solani anastomosis groups as 
assessed by RAPD, ERIC and REP-PCR. Microb. Res.154: 247-258. 

Tu JC (1967). Strains of Pellicularia saskii isolates from rice in Taiwan. 
Plant Dis. Rep. 51: 682-684.  

Vilgalys R, Cubeta MA (1994). Molecular systematic and population 
biology of Rhizoctonia. Annu. Rev. Phytopathol. 32:135-155. 

Wamishe YA, Yulin JIA, Singh P, Cartwright RD (2007). Identification of 
field isolates of Rhizoctonia solani to detect quantitative resistance in 
rice under greenhouse condition. Front. Agric. China 1: 361-367.  

Williams JGK, Kubelik AR, Livak KJ, Rafalski, JA, Tingey SV (1990). 
DNA polymorphisms amplified by arbitrary primers are useful as 
genetic markers. Nucleic Acids Res. 18:6531-6535.  

Yang J, Kharbanda PD, Wang H, McAndrew DW (1996). 
Characterization, virulence, and genetic variation of Rhizoctonia 
solani AG-9 in Alberta. Plant Dis. 80:512-51. 


