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A soil pathogen which causes damping off and rotting in the seedlings in
the nursery is caused by Rhizoctonia solani where its sexual stage is
recognized as Thanatephorus cucumeris (Frank). It is a soil borne pathogen
which leads to a huge loss in the field. the pathogen produces no such
spores like conidia or conidiophores. It infects a wide range of hosts from
vegetables to cereals in the field. appearance of the symptoms in the form
of lesions on the infected parts of the plant were observed. Presence of
mycelium was detected with septations and the branching were at 90° that
Is., at right angles branching were observed. Till date, there are thirteen
AGs recognized from the Rhizoctonia solani. The groups were designed
based on the hyphal interactions among the pathogen.

Introduction

Among the cultivable and non-cultivable soils,
Rhizoctonia solani and other Rhizoctonia
species which is a soil-borne pathogen having
a wide host range around the globe. When this
pathogen is isolated from an infected plant
part or from soil through serial dilution and
when they are observed under the microscope
there is slight variations in their physical
characteristics, an ability or the capacity to
cause disease, structural and chemical
properties differ in the isolates of Rhizoctonia
solani. On the basis of the differences
obtained from the physical and biochemical

variations among the isolates collected from
Rhizoctonia solani there are ISGs known as
the intraspecific groups of Rhizoctonia
species.

But sometimes, it turns out to be a difficult
task to differentiate the isolates obtained as
there is a lack of original cultures which leads
to a hinderance in the study of the mycology
and the pathogenicity of the pathogen.

With the efforts of the researchers and the
scholars this task has been resolved by
characterizing Rhizoctonia and also its other
species. In this article, we will learn about the
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anastomosis and the intraspecific groups of
Rhizoctonia solani.
About the Pathogen Rhizoctonia and
Rhizoctonia solani

The genus Rhizoctonia having about 100 or
more was first described by De Candolle in
1815. On recognizing the pathogen
Rhizoctonia, variation have been recorded and
observed for recognizing and distinguishing
the genus of the pathogen.

The ability to cause an infection, type of
sclerotial formed and its structural and
physical  appearance  helps in  the
differentiation of the pathogen Rhizoctonia.
On the basis of the recorded observations, the
genus  Rhizoctonia  belongs to  the
Basidiomycota fungal group which is an
imperfect fungi having a mycelial appearance
with septations, production of the sclerotia and
the arrangement of the mycelia or the hypha is
at right angles (90°), branching of the
mycelium, with no clamp connections and
absence of rhizomorph.

From the above descriptions, there are only 49
species of the Rhizoctonia considered as true
species and others as duplicates or the copies
of the pathogen.

From the above characterization, Rhizoctonia
is been distinguished into three main groups
under which they have been placed.
Multinucleate Rhizoctonia: 3 or more nuclei
with bigger hyphae or mycelia with its sexual
stage as Thanatephorus.

Binucleate Rhizoctonia: only 2 nuclei having a
small hyphae with its sexual stage as
Ceratobasidium.

Multinucleate and the sexual stage is Waitea:
examples are as follows — Rhizoctonia oryzae
and Rhizoctonia zeae.

Rhizoctonia solani

Anamorph is Rhizoctonia solani where its
telomorph or the sexual or the perfect fungi is
Thanatephorus cucumeris which have a wide
host range and distributed to vast areas where
the soil is having higher moisture and
temperature. In the past there were few crucial
findings and were added in the studies of the
pathogen Rhizoctonia solani  where its
clearance of the pathogen as a species, the
findings of the intraspecific groups (ISGs) and
also the findings of the telomorph of
Rhizoctonia solani were discovered for the
proper classification and also in the study of
the pathology. There were many findings by
different scientists related to the pathogen but
in the later years Parameter and Whitney
described about the characteristic features of
Rhizoctonia solani where they said that the
telomorphic stage is Thanatephorus cucumeris
where the hyphal arrangement having 2 or
more than 2 nuclei per cell and also the
formation of the sclerotial stage and thus
according to Parameter et al., Rhizoctonia is
also to be categorized under Rhizoctonia
solani.

Intraspecific Groups of Rhizoctonia Solani

As the pathogen Rhizoctonia solani, it has a
wide range of hosts around the globe. Based
on its physical properties, its appearance on
the culture medium, ability to cause infections
in the host, formation of the sclerotia and its
structures, Rhizoctonia solani have an N
number of intraspecific groups and on these
groups the pathogen Rhizoctonia solani are
categorized.

This categorization is also based on the
anastomosis of the hyphae of Rhizoctonia
solani that is the hyphal association of the
pathogen isolates obtained from the different
hosts or from the same host.
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Categorization on the Basis of the

Morphology

Categorizing of Rhizoctonia solani were being
conducted by Exner, who experimented and
divided the pathogen into following f.sp’s
(forma specialis) as solani, microsclerotia,
sasakii and timsii which were identified in the
pathogen Thanatephorus cucumeris.

These were an addition to the forma specialis
mainly named as compacta and betae as
recorded by Takahashi and Matsuura were the
scientists who added the other two and thus
there are six divisions of forma specialis of
Rhizoctonia solani. Earlier the pathogen that
caused sheath blight of rice was Hypochnus
sasakii which was included as form a specialis
sasakii which was recorded by Watanabe and
Matsuda and this was studied in the location
from Japan. The above named scientists
collected about 220 isolates of Rhizoctonia
solani from Japan which had been grouped
into 7:

Sasakii which is a typqg IA

Web blight IB

Winter crops (I1)

Praticola (I11-A)

Potato (V)

Root rot (V)

Compacta

Betae

Above mentioned compacta and betae were
categorized by Takahashi and Matsuura which

had a contradiction with the four forma
specialis.

Anastomosis Hyphal Association

At a lower resolution power, if growth and
overlapping of mycelium occurs when two
isolates of Rhizoctonia solani are placed on
the same culture media in the petri plate with
content of 2 % H,0 agar in a light microscope.
Hyphal attraction and the lysis of the cells that
being fused are recorded in an association of
the two hyphae then the isolates obtained
comes under the same anastomosis group. If
there is no association between the hyphae and
if there is no lysis then the Rhizoctonia solani
isolates are grouped under varied anastomosis
groups. To detect an associated hyphae, fusion
and lysis are the recorded methods to identify.
There were 5 anastomosis groups identified by
Schultz and are as follows which are the
Rhizoctonia solani varieties;

hortensis
brassicae

Typica

Cichorii endiviae
juchsiae

From the above, group V is not considered as
Rhizoctonia solani as it is having two nuclei
per cell. There were 6 anastomosis groups as
reported by Schneider and Richter and are as
follows- A, B, C, D (Brassicae), E and F
(Potato) where ‘E’ is having two nuclei per
cell and is categorized as bi-nucleate. On the
basis of the fusion, Rhizoctonia solani was
reported to grouped into 4 AGs as follows,
AG |, AGII, AG Ill and AG IV by Parmeter et
al.,, There was a study in which there is
crossing of the isolates of Rhizoctonia solani
having the capability to cross with the
members of more than two AGs. Similarly, on
the basis of fusion of hyphae, Ogoshi divided
Rhizoctonia solani from Japan into different
categories.
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Hyphal Fusion and its Mechanism

Following is the procedure of a hyphal fusion
of the pathogen Rhizoctonia solani is when
there is association of the protoplasm, cell
wall termination, construction of the shoot like
protruding structures, growth of the hyphae,
secretion of few attractant chemicals, hyphal
contact, growth of the hyphae gets ceased is
known to be a perfect hyphal association. The
imperfection is then occurred when there is a
differentiation in the termination of the cell
walls and then followed up by the lysis of the
cells. Fusion of the hyphae is possible when
the isolate identifies of its same category or
the isolate belonging to the same anastomosis
group. There will be a curiosity of how an
isolate identifies and fuses with the other
hypha. The answer was been discussed in the
morphology of the AG that is, the attractant
chemicals and the connection because the
bonding is due to the attractant substances
released. At a distance of 100 pm, the hyphae
of an isolate identify the another with the
change of direction in the growth of the tip of
the hypha to another tip of the hypha till there
is a proximity. This type of association is
made once the hypha releases the attractant
chemical belonging to the family of the
anastomosis group. From the study of the
attractant chemicals it was recorded that these
chemical substances released differ among the
members of the different or the varied
anastomosis groups. Thus, its relevant that the
release of the attractant is the initial step and
then occurs the fusion of the hyphae. As
mentioned in the morphology it is evident that
all the process starts with the recognizing
followed by the growth of the hyphal tip, cell
wall of both the isolates being dissolved.

Anastomosis Groups and its Interrelations
As per the records, Parmeter et al., the fusion

of the hyphae occurs in the cross of the
isolates obtained in Japan with the 4 AGs

having about 12 isolates. From the above
resulted that the anastomosis groups
considered by Parmeter et al., were similar to
the Japanese anastomosis groups. Also there is
a similarity between the anastomosis groups
considered by Schultz with that of the
anastomosis groups of Richter and Schneider.
The similarity also occurred in the
anastomosis groups obtained from the
countries as follows Europe, North America
and Japan with that of the anastomosis groups
reported by Watanabe and Matsuda.

According to Ogoshi, anastomosis group
numbered V had a similarity with that of
anastomosis group B recorded by Richter and
Schneider. The confirmation was reported by
B. Nirenburg with the fusion of group B6 with
the anastomosis group numbered V
Rhizoctonia solani isolates. The
multinucleated Rhizoctonia solani having 3 or
more nuclei per cell which belongs to the
anastomosis group numbered V, with a
property similar to Thanatephorus cucumeris.
In other aspects, anastomosis groups
numbered BI, VI and VII had a similar
property with that of the telemorphic stage of
Thanatephorus cucumeris.

AGs and ISGs of Rhizoctonia solani
Reported AGs

From the earlier reports, it was observed that
Schultz discovered 4 anastomosis groups
followed by Richter and Schneider gave 5 and
Parmeter et al., gave 4 groups. Later, in
Australia anastomosis group numbered VIII
was reported and 8 anastomosis groups in
which there were sub-anastomosis groups
were also reported in Japan. However, with
the current observations and relevant
evidences Rhizoctonia solani have about 9
AGs around the globe. But according to
Parmeter et al., there could more AGs as
estimated earlier. Also, at the earliest Carling
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et al., have reported the findings of a new AG
numbered IX from Alaska.

Telomorphic Stages with AGs and 1SGs

B. Frank in 1863 was the first one to report the
telomorphic stage of Rhizoctonia solani as
Thanatephorus cucumeris earlier which was
known as Hypochnus cucumeris. There are
documents where there is publishing of the
telomorphic stages of Rhizoctonia solani.

Observation of the sexual stages and the
categorization of Rhizoctonia solani into 4 f.sp
groups were formulated by Exner where she
stated by saying that basidium are not the
basis of differentiation. Some of the isolates
obtained from Rhizoctonia solani from the soil
on which there is formation of the hymenium.
Through this technique he collected the
telomorphic stages of varied Rhizoctonia
solani isolates given by Flentje and this
technique had a vital role in helping other
researchers in the further discoveries. Using
this soil clump method, the sexual stages and
the anastomosis groups numbered I, 1l (1 and
2), 11, 1V and V of Rhizoctonia solani which
were concluded by Ogoshi. In the later papers,
it was concluded that the telomorphic stage
Thanatephorus cucumeris had 13 intra-
specific groups. After reviewing all the papers
related to the ISGs it was concluded that the
categorization of the AGs would be a difficult
task on the basis of the physical characters like
as mentioned about the hymenium, basidium,
etc. Here taking an example anastomosis
group numbered IV, are differentiated among
the other 4 anastomosis groups is that the
former has the presence of sterigmata. On the
other hand, the intra-specific groups have also
some deformities is that not all the groups are
formed on the basis of the telomorphic stages
and here the pathogen Rhizoctonia solani is
categorized not based on the other species but
solani remains the main focus due to its wide
distribution in most of the places, the

colonization, the physical characteristics and
the sequenced DNA content.

Thus, after all the contradicting debate, they
came to a conclusion that the pathogen
Rhizoctonia solani has the telomorphic stage
as Thanatephorus cucumeris and the scientist
who gave the taxonomic classification of
Rhizoctonia solani by Talbot.

Below is the classification:
Kingdom

Fungi Phylum: Basidiomycota
Class: Agaricomycetes

Order: Ceratobasidiales
Family: Ceratobasidiaceae
Genus: Rhizoctonia

Species: solani

ISGs and its Importance

On the Dbasis of anastomosis groups,
Rhizoctonia solani the researches have not
gained the complete knowledge but this
anastomosis grouping is also essential. It is not
necessary that the particular anastomosis
group will cause the infection in a host
peculiarly and confined to a host specifically.
For more better understanding we can an
example, anastomosis group numbered | will
cause rise sheath blight as well as other
diseases caused in pulses by Rhizoctonia
solani  (web-blight).  The degree of
pathogenicity or the virulence factor is the
basis on which anastomosis group | is again
grouped into sub-groups namely AG IA and
AG IB and were concluded by the Japanese
scientists that these two belongs to the
Rhizoctonia solani. The symptoms caused by
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the two sub-groups have a slight variation thus
they are placed in different categories.

Thus, its evident that IA can cause disease on
the host of IB but the variation comes in the
virulence and severity of the infection caused
by either of the one in another hosts. Soon
after there was a comparative study between
H. sasakii and H. cucumeris which caused
diseases on the different hosts on the basis of
formation of the sclerotia and then later on
they were distinguished. And, another scientist
Matsumoto with his scholars also tried to
compare H. sasakii and Corticiumvagum with
its telomorphic stage as Thanatephorus
cucumeris, there was no fusion of the hyphae
thus there was no such comparison obtained.
Thus, they stated that these two belong to
different species. There was also a study in
which, Nakata and Kawamura concluded that
there is no comparison on the sexual stage of
these two but they found a variation in the
structure of the sclerotia, their distribution,
anastomosis groups and thus on the mentioned
basis they have varied species. In Japan, the
pathogen Rhizoctonia solani caused infection
on plants like sugarbeet and buckwheat, and
the anastomosis group numbered as I-IC
which had an overlapping with IA followed by
IB and IC. The fusion depends upon the
compatibility between the members belonging
to the same Anastomosis Group itself. If there
is a variation in the fusion there will be a non-
compatible fusion.

On the basis of the physical appearances on
the culture medium, chemical and bio-
chemical  properties the isolates are
distinguished with an accuracy in the case of
anastomosis group numbered II- (111-B) and
V.

There is a difficulty in production of the
protoplasts from the fusion of IlI-B with I-A
or I-B as this fusion will result in the death of
the cells. In this article we will get to see
different anastomosis groups of Rhizoctonia

solani with its varied genetics and bio-
molecular structures. Here, Rhizoctonia solani
have 13 intra-specific groupings that have a
variation and distinguishable characteristics
such as its morphology, its capacity to cause
an infection. Following are the 13 AGs:

AGI (IA), AGI (IB), AGII (1), AGII-2 (11IB),
AGII-2 (IV), AGIII, AGIV, AGV, AGVI,
AGVII, AGVIII and AG-BI.

AGs and ISGs on the Basis of Biology

Following are the basis by which we can
distinguish between the anastomosis groups
and intra-specific groups of Rhizoctonia solani
using the biological characteristics:

Required Amount of Vitamins

All the 13 intra-specific groups have different
requirement of the nutrients on which they
grow and colonize better. Some feed on the
thiamine medium and thus called as
auxotrophics which includes the following
groups:

AG 11-2-(I1IB)
AG 11-2-(1V)
AG (V)
AG-IB

Within the same AG, there is sub groups in
which they also differ in the usage of the
medium where the AG I1I-1 which is an
autotroph grows on thiamine, while the other
AG-1I-11, is an auxotroph.

In fact, AG-BI is known as the ancient
member of Rhizoctonia solani. From the
sources it was found that requirement of
thiamine was not considered for a crucial role.
Another autotroph that feeds on the thiamine
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is the AG-VIII which is considered as cross-
over isolate. Thus, on the basis of the
requirement of the thiamine, it is easy to
distinguish between the groups VIII and AG-
B-1. A study on auxotrophic C. sclerotia was
done by Sadasivan and Subramanian, whereas
there was a contradiction in which Sherwood
said that the pathogen comes under the
anastomosis group numbered | where the
members of anastomosis group number |
belongs to the autotrophs feeding on the
thiamine.

In some of the papers it was evident to
conclude that C. microsclerotia have many
groups and not considered as one single
pathogen. To increase the weight of the
mycelia from 5% to 40%, use of Calcium
panthothenate is recommended basically in the
mycelium production of the anastomosis
groups numbered I1-1, 11-2-111B, 11-2-1V, and
V. Some other compounds are also
responsible for their growth and multiplication
which are initiated by the chemicals like folic
acid, inositol, nicotinic acid, pyridoxine
hydrochloride and riboflavin.

Differentiation by Serological Techniques

In one of the researches conducted by Abe et
al., where he said that an antiserum produced
to reduce the rate of infection by Rhizoctonia
solani by the anastomosis group I1-11 4 which
also quickly counteracted among the other
isolates where they resulted in the formation
of precipitin bands. The characteristics of the
isolates causing a specific disease or an
infection on a crop have similar serology
streams. There are experiments where there
was formation of just two precipitin bands in
the case of the reaction between the antisera
and the anastomosis groups numbered 1I-1, 11-
[-111B, IV and I-lIA. In another case it was
observed that there was no reaction between
the anastomosis groups I-IB and E with
antiserum. Here the anastomosis groups are
collected from the bi-nucleate Rhizoctonia

solani. The serology technical experiments
were performed on the 6 different anastomosis
groups of Rhizoctonia solani  where
Anastomosis Groups 1lI-1 and 1I-1l were
differentiated on the basis of serology as
stated by Adams and Butler.

Separation of Proteins and Isoenzymes

The proteins of the intra-specific groups
patterned in the PAGE gels has a
distinguishable pattern apart from other
proteins separated from DNA or any other
organisms. Through the separation of these
proteins have made a clear pathway to group
the similar isolates within the same isolate
anastomosis groups on the basis of the similar
bands used in the identification of the
Rhizoctonia solani. The recognition of the
dissimilar patters through electrophoresis is
done in the similarly occurring categories
which was said by Kuninagain the same
anastomosis groups. There has been a report
on the comparison on the patterns of the
proteins were concluded by the relation
between the genetic and the anastomosis
groups.

In this way, we can also detect specific
enzymes with the help of the electrophoresis
gel technique. In of the experiment it was
observed that iso-enzyme esterase is a non-
specific which on comparison was done
through electrophoresis and the result was
varied amongst the intra-specific groups.

This proved to be an efficient method in
distinguishing the various relations between
the groups by conducting an electrophoresis
test.

Composition of DNA

Basically, this DNA based determination is
used in the identification, classification and
taxonomy of bacteria genera. It is generally
measured in the terms of GC content where

330



Int.J.Curr.Microbiol. App.Sci (2021) 10(05): 324-340

the guanine in addition with the cytosine
contents is measured in mole %. Though used
in the taxonomy of the bacteria it is also
widely used in the fungi with filaments.
Comparisons of the DNA constituents
examined from the isolates will give rise to the
relations of genetic and evolution amongst the
anastomosis groups and the intra-specific
groups.

Though there was a similarity in the GC
content of the anastomosis groups of
Rhizoctonia solani, but in meanwhile, there
was a variation reported in the intra-specific
groups mainly of the anastomosis group
numbered | and 1.

Similarities can be there but there should be
no clone of one another. Thus, they should be
considered as single individual on the basis of
the genetics.

On the basis of the evolution of these fungal
based on their GC contents then the ultimately
advanced is the Anastomosis Group I-1A with
49% and the primordial is the Anastomosis
Group is BI.

Isolates of the anastomosis group I-1A have a
distinct physiology and ecology characters
with specific causal organisms where it has
become easier to the evolution of the
anastomosis group. While the anastomosis
group B-1 has a characteristic that it can
combine with the remaining anastomosis
groups.

The fungal pathogens have a variation in their
Guanine and Cytosine mole percent species to
species which is less than or equal to 10%.

Thus, we can come to a conclusion that the
Intra-specific groups isolated from
Rhizoctonia solani comes under the same
species.

Sequencing based on DNA

Assessing genetic relations  within  the
microbes use of hybridization of DNA
technique has been widely used that can
summarize the minute variations and other
characteristics in the DNA of the fungal
pathogens. Study of DNA structure is
necessary for the breeder to make it an easy
task in order to make the resistant varieties
against the pathogen or the isolate of the AGs
which is responsible in causing the infection.
The isolates belonging to the same
intraspecific groups had a higher number of
the DNA sequence homology of about 90% or
more than 90% while there was a lower
number of the DNA homology which had
range in between 30-90% in those isolates
which does not belong to the same intra
specific groups but of same Anastomosis
Groups.

There was a study in which a specific
anastomosis group had the capability of fusing
with the other AGs which had the range of
DNA sequence homology from 15-60% in the
following groups: anastomosis groups Bl, 1-I,
[1-11, 111 and VI. Among the above group only
Anastomosis Group B-1 could do the fusion
with the other groups.

In the rest of the groups, there is the least
number of DNA sequence homology found
about equal to or lesser that 14%.There was
discovery of a new groups named as
Homogenous Group only in the anastomosis
group numbered IV which was given by
Kuninaga and Yokosawa. This groups were
again sub-grouped into I and Il in which the
GROUP | had the DNA sequence homology
in the range of 88.5 % - 92.6% in the 6
isolates collected. GROUP 11 in which there
were 8 isolates containing the DNA homology
in the range of 88.7% - 103%. When both of
the GROUPS are distinguished then we get a
lower number of the DNA homology ranging
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from 30.9% - 48%. These groups are
distinguished and grouped in two groups on
the basis of their electrophorated proteins and
the culture media observations.

Also, there was an observation in which there
was the presence of the GROUP | in the
anastomosis group numbered VI with a varied
genotypic appearance. In this DNA sequence
homology, we have 15 different 1ISGs isolated
from Rhizoctonia solani which becomes a
base in the differentiation between the
anastomosis groups and the intra-specific
groups. This basis of differentiation is possible
in the fungi having filament like appearance.

Groups on the Basis of Ecology and
Pathogenicity

In this section we will discuss about the
different anastomosis groups and the intra-
specific groups not taking just the topic of
Rhizoctonia solani.

Distribution around the Globe

The origin of the Rhizoctonia solani and its
isolates and different groups were first
observed and recorded in Japan by Watanabe,
Matsuda and Ogoshi.

The collected anastomosis groups, I1SGs and
the groups | and Il were isolated and studied
closely to wunderstand their origin and
distribution and also their host range. These
were observed to be present in the ranges from
temperate to sub-arctic in Japan.

The anastomosis groups kike Bl, VI and VII
are yet to be under close investigation.
Maximum number of these groups are
distributed in Japan. From previous reports the
further studies are made out or modified to
give these groups a better frame-work. Around
the globe, it has been recorded that
Anastomosis groups I, II, 1l and IV were

isolated around the globe but in places like
Canada, Germany and Israel anastomosis
group V was reported. Also, the anastomosis
group V was reported in Taiwan and USA.
There was presence of the anastomosis group
VI and VII in the following countries, Japan
and Israel and the later were found in Japan. In
Australia the presence of AG was VIII. Most
of the Japanese cultivated soils consisted of
the anastomosis group named B-l. VII
anastomosis group was recorded in Scotland
followed by the VI, VII, VIII and B-I reported
to be properly observed in recent times. Thus,
it can also be possibly found in other regions
too but they were not recorded in a constant
manner. There has also been an observation
that there were two anastomosis groups VI
and B-I were collected from the barren lands
also.

In contrast with the above sentence, Kuninaga
had an observation where he clarified that
Anastomosis groups VI and Bl were collected
from the cultivable fields and these two
isolates were collected from the species of the
forest trees and not the crops. Now in later
days it was also observed about the non-
availability of these two AGs were still a
mystery topic.

In later times there was a source evident in
revealing about the AGs being found only in
the cultivable fields and they were as follows,
anastomosis groups V, VIII and VIII. Till date
the complete information and data is still
under process to get the whole knowledge
regarding the disbursement of the pathogen
Rhizoctonia solani and its anastomosis groups.

Host Range and its Disbursement

Though the range of the pathogen is widely
present around the globe but the anastomosis
groups are limited and the spread of these
anastomosis groups is also in limit in the fields
of agriculture. This is because the exertion of
the prevailing anastomosis group and its
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presence and its influencing capacity on the
crops cultivated in a particular field.

Here, if legumes or rice, wheat is sown in a
field then the chances of infection by the
anastomosis group is AG-l. This group is
mainly considered as the reason behind the
increased rate of infection from the attack of
Rhizoctonia  solani, followed by the
anastomosis groups like, I-1B and I-1A. The
crucifers or the Brassicaceae family is
infected by the anastomosis group Il-1 and the
members of the amaranthaceae are mostly
infected by anastomosis group II-11 4. The
potato, brinjal crops are infected by the
anastomosis group Il and also IV group.
From the soils of the field in which the
legumes are grown had the traces and
evidence of anastomosis group V. Even there
was naming of the anastomosis groups like the
groups infecting the crucifers was given the
name as AG-II var. brassicae by Schultz and
later it was again renamed by Richter and
Schneider to AG-I11 var. cruciferin. Thus, each
anastomosis groups have specific host range
and they have different level of rate of
infection on the host. Thus, from the above
studies it is well known that anastomosis
groups 1, 11, 111, 1V and V have different host
range, varied characteristics, ecology and
different level of infection on the host. Also,
there are discovery of few other anastomosis
groups like VI, VII, VIII and B-1 but their
ecology, the rate of infection, the virulence
factor and its hosts are not specifically known.

Fluctuating Populations in the Field

When the environmental conditions are
favourable for the infestations and increased
virulence is possible only in the presence of
the suitable host and the virulent pathogen to
have a possible interaction. These are the basic
requirements in the development of any
disease or infection. There was increasing rate
of Rhizoctonia solani in the fields during the

months of July and then in the month of
September. And in the alternate months there
is decrease in the rate of infection which was
reported by Vi et al., in 1983. As mentioned
above about which anastomosis group is
responsible in the pathogenicity of disease in
which crop. The root rot of sugar-beet is
caused by the anastomosis group numbered I1-
Il stated by Inoue and Ui. Followed by the
other group V that usually infected the bean
crops. The increase in the infection by
Rhizoctonia solani increases in the case of
mono-cropping practiced in the crops like
sugar-beet, bean crops, etc which came into
limelight by the investigation done by Komoto
et al., in 1932. In the same way few other
anastomosis groups were collected from the
sugar-beet fields consisting of the I, Il-1l and
V. With the increasing rate of the sugar beet
root rot in the fields there is increased rate of
collection of the II-11 anastomosis group due
to continuity of the mono-cropping but the
incidence of other groups got declined.
According to the crops associated with the
specific anastomosis groups had an increase in
their isolation from that particular respective
fields. When the field infested with the
Rhizoctonia solani causing infection in the
beet crops also induced the infection in severe
form on the radish crops sown in the same
field which was observed by Yoshida and
Kobayashi. Thus, the dependence of the
anastomosis groups and the intra-specific
groups on the hosts were playing a vital role in
increasing rates of infection where the need of
the rotation of the crop became needful.

Resistance against Rhizoctonia solani

As Rhizoctonia solani have a wide host range
and also different isolates of anastomosis
groups attack on the crops, it is difficult to
maintain a specific resistant variety for each
anastomosis groups or the intra-specific group
of Rhizoctonia solani.
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But as mentioned above about the specificity
of some anastomosis groups infecting a
particular crop can help the breeder to develop
a new variety that can resist the attack of
Rhizoctonia solani and its isolates. This would
be a tough job because a lot of genetic study is
required to understand the core of each
isolates associated with the infection. This was
stated by Leach and Garber. As some groups
are responsible for causing a virulent infection
thus, the breeders have got the potentiality to
raise resistant varieties against the particular
anastomosis groups or the intra-specific
groups of Rhizoctonia solani.

While isolating the pathogen it is not
necessary to get the correct pathogen along
with the appropriate anastomosis or the intra-
specific groups but after getting the
appropriate isolates can help the breeders to
create the new resistant varieties against that
particular anastomosis or the ISGs.

Thus, breeders need to know the specific
group associated with the infection in the
specific host so that the resistant variety can
withstand the pathogen and reduce the yield
loss in future.

Epizootiological Functioning
Borne on a Basidium

of Spore

Earlier Rhizoctonia solani was categorized
under Deuteromycota group as it does not
produce any spores but they only produce
mycelia at right angles (90°) but now the
sexual or the telomorphic stage have been
identified thus placed under  the
Basidiomycota group as they produce the
sexual spores known as basidiospores. But due
to lesser known facts about the mechanisms of
infection by these basidiospores and are yet to
be known completely. The sexual or the
telomorphic stage of Rhizoctonia solani is the
Thanatephorus cucumeris usually infecting
the roots of the plants and produces sclerotia

in the soil or near the root areas. Production of
the basidiospores were commonly observed on
the foliar parts of the sugar-beet crops and the
development of these basidiospores are still
unknown or in the process of research as
mentioned by Yamaguchi and Fuji.

There was a detailed study of the process how
the spores infect the plant by the scientists
Naito and Sugimoto where the infection was
caused by the anastomosis group numbered I1-
I1-1V. The basidiospores are formed either in
the soil, root surfaces and sometimes on the
foliar regions where they get transferred or
blown away and gets attached to the plant
parts and where there is formation of
appressoria to penetrate into the epidermal
cells and take the nutrition. The penetrated
hypha later produces mycelium and then later
forms rotund shaped sores known as lesions in
the form of radial shaped. These sores are
primary structures and these are the first
symptoms to be observed. Later on, the
lesions caused by the hypha enters into the
foliar parts by the stomatal pores and the
lesions produced by these hyphae is quite
bigger and the symptoms give rise to blighted
appearance.

The cycle is repeated in a uniform pattern
from the dissemination of the spores,
penetration, infection and formation and
appearance of the symptoms like the primary
and secondary lesions on the foliar parts. As
there is spore formation, thus it is
recommended to use the chemical fungicides
that help in controlling the airborne diseases.
Though the pathogen Rhizoctonia solani
causes the major damage but it is deteriorated
by the telomorphic stage that s,
Thanatephorus cucumeris. For the better
knowledge, study on the taxonomy and
epidemiology of Rhizoctonia solani, has given
a smooth pathway to learn about its ISGs in
the similar way of the classification of
Fusarium. There evolves a variation and
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similarities on the basis of ecology and
epidemiology of Rhizoctonia solani. In a
contrasting case, the sugar beet leaf blight
whose pathogen is Rhizoctonia solani
considered that the two highly varied distant
fungi cause the blight by the anastomosis
groups | IB and anastomosis group II-11 1V.
The first anastomosis group is responsible for
the mycelium spread and the second
mentioned anastomosis group is related to the
dissemination of the mycelium and the spores
produced in the basidium. Thus, while doing
the management and control the knowledge is
important in the fields of the anastomosis and
the ISGs. In these studies, there is no complete
knowledge of the ontogeny and the bio-
rhythm of the intraspecific groups of
Rhizoctonia solani.

There are more researches and investigations
on the anastomosis groups going on the causal
organism Rhizoctonia solani and yet to be in
the lime light. The surviving structure of
Rhizoctonia solani is the rounded uniform and
non-uniform called the sclerotia which are
formed by the Rhizotonia solani and also the
ontogeny of the spores and its vital role in the
fields were also yet to be understood more
clearly. The observation of the spores on the
stem were fine but the study on these spores
and their functioning of these spores were yet
to be studied closer and this was observed on
the stems of the potato crop, which was
infected by the anastomosis group Ill. Also,
the same anastomosis group Il that caused an
infection on the potato also caused infections
on the crops like brinjal and the tomato
causing leaf spots. The investigation of the
intraspecific groups based on its ecology and
its aetiology of the Rhizoctonia solani for
having a complete knowledge of each and
every intra-specific groups.

Also, there is an incomplete information and
also the knowledge of the multi-nucleic and
bi-nucleic. As mentioned above of these
Rhizoctonia, are usually isolated with the

isolation of the Rhizoctonia solani. The
binucleate and multi-nucleate is to be
observed after proper identification using the
biochemical properties. There are studies on
the anastomosis and intraspecific groups of the
other species other than Rhizoctonia solani but
with lesser known facts and knowledge.

Thus, its necessary for the young researchers
to have a closer look on the studies and
experiments on the other species of
Rhizoctonia solani.
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