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Nine isolates of Rhizoctonia solani were obtained from different plant types (common bean, broad bean, 
bell pepper, tomato and cucumber). The obtained isolates were assigned to AG according to hyphal 
anastomosis. Of these, six isolates belonged to AG 2-2 IIIB, while the other three isolates belonged to 
AG 4 HG-I. Molecular identification using 18S-rRNA gene showed that all the isolates were R. solani 
with sequence identity 99% which revealed that these isolates comes from one ancestor, but the 
analysis based on rRNA-18S sequences failed to group them into different distinct groups on the bases 
of AGs. Pathogenicity test on common bean under greenhouse conditions showed that all isolates have 
the potency to cause seed rot, pre-emergence, post-emergence damping-off and root rot diseases, 
where they caused mortality ranged from 13.33 to 100%. On the other hand, four bean cultivars were 
tested (Giza 3, Giza 6, Contendor and Rajma). All tested bean cultivars manifested the disease 
symptoms but Giza 3 was the most susceptible one. It showed the highest value of total mortality 
(94.07%).  
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INTRODUCTION  
 
Rhizoctonia solani Kühn (Teleomorph: Thanatephorus 
cucumeris (Frank) Donk) is a soil-borne fungus that 
causes seed decay, damping-off, stem canker, root rot, 
fruit decay and foliage diseases in many crop species 
including common bean (Phaseolus vulgaris L.) (Sneh et 
al., 1996). This unlimited host range, combined with 
competitive saprophytic ability and lethal pathogenic 
potential, earn R. solani its status as formidable 
pathogen. Rhizoctonia root rot disease is a serious and 
economically important disease for bean production in 
most of the tropical, subtropical and temperate areas of 
the world where it is grown (Tu et al., 1996). Yield losses 
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of 5 to 10% are common, but 60% yield losses have been 
reported in Brazil. 

R. solani is called a species complex because it 
contains many related but genetically isolated sub-
specific groups. Because R. solani and other Rhizoctonia 
fungi do not produce conidia and only rarely produce 
basidiospores, the classification of these fungi has often  
been difficult. Current classification within the R. solani 
species complex relies largely on the grouping of isolates 
into anastomosis groups (AG) based on hyphal 
interactions (Ceresini et al., 2007). To date, isolates of R. 
solani have been assigned to 14 AGs, including AG-1 to 
AG-13 and AG-B1 (Carling et al., 2002). While four of the 
fourteen AGs are not pathogenic (AG6,7,10 and AG BI), 
four (AG-1, -2, -3, and -4) cause important diseases on 
plants worldwide; and the remaining AGs are less 
destructive   pathogens   with   generally  more  restricted  
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geographic distributions (Carling et al., 2002).  Of 229 R. 
solani isolates obtained from bean plants and soils in 
Samsun province, 59% of the isolates belonged to 
anastomosis group AG 4, 31% to AG 2-2 and the 
remaining 10% to AG 5. The virulence of the isolates on 
different bean cultivars varied. AG 4 and AG 2-2 group 
isolates caused severe symptoms of root rot on all 
cultivars. AG 5 isolate was highly to moderately virulent 
regarding the susceptibility of the bean cultivars (Karaca 
et al., 2002). Muyolo et al. (1993) found that of 290 R. 
solani isolates, all AG-1 IB isolates caused foliar blight 
and root and hypocotyl rot in virulence tests on dry bean. 
AG-2-2 IIIB isolates were more virulent on roots than on 
hypocotyls; AG-4 isolates were more virulent on 
hypocotyls than on roots. Isolates within AG tend to have 
similar host ranges; according to their morphology and 
pathogenicity, they have been classified into subgroups: 
four subgroups of AG-1, eight of AG-2, three of AG-4, two 
of AG-6, five of AG-8, and two of AG-9 have been 
reported (Carling, 2000; Priyatmojo et al., 2001; Fenille et 
al., 2002). Molecular approaches based on the analysis 
of ribosomal DNA (rDNA) sequences have added genetic 
support to the AG classification system and allowed the 
investigation of their evolutionary relationships 
(Guillemaut et al., 2003). Sequence data may support 
genetic groups within Rhizoctonia species better than 
other characters used in the past such as number of 
nuclei, plant host or morphology (Gonzalez et al., 2006). 
The aim of this study was to investigate anastomosis 
grouping, ribosomal DNA (rDNA) sequencing, and 
virulence of isolates of R. solani on common bean. 
 
 
MATERIALS AND METHODS  
 
Isolation, purification and identification of the pathogen 
 
Naturally diseased plants of different types (common bean, broad 
bean, bell pepper, tomato and cucumber) exhibiting typical 
symptoms of root rot disease were collected from various 
governorates namely Al-Dakahlia, Al-Gharbia, Al-Giza, Al-Sharkia, 
Damietta and Kafr Al-Sheikh. 

For fungal isolation, the collected diseased plant roots were 
washed carefully under running tap water to remove the adjacent 
soil particles followed by sterile water, then dried between two filter 
papers. Using sterilized scalpel, roots were cut into small pieces (1 
to 2 cm2). The pieces were then transferred into 1% hypochlorite 
solution (disinfectant solution) for 3 min for surface sterilization. 
Surface sterilized pieces were then washed several times with 
sterilized water to wash out the remaining disinfectant solution. The 
pieces were then dried on sterilized filter papers. Using sterilized 
forceps, plot dried pieces were then transferred into Petri dishes 
containing potato dextrose agar medium (PDA) supplemented with 
antibacterial agent (L-chloramphenicol 5 mg/L and streptomycin 
sulphate 5 mg/L). The dishes were then incubated at 28°C, and 
then checked for fungal growth two days after planting. Purification 
of the isolates was done using the hyphal tip technique to obtain 
them in pure cultures; the detected isolates were then transferred 
into slant of PDA and kept at 4°C for further studies. Pure cultures 
of the isolated fungi were identified according to the cultural 
properties, morphological and microscopical characteristics as 
described by Sneh et al. (1991).  

 
 
 
 
Anastomosis grouping 
 
Field isolates of R. solani were assigned to AG according to hyphal 
anastomosis with tester isolates from AG 1 to AG 10. The tester 
isolates used in this study were kindly provided by Dr. Shiro 
Kuninaga (Health Sciences University of Hokkaido, Japan). 
According to the slide technique of Kronland and Stanghellini 
(1988), each isolate was paired with tester isolate of each AG on a 
clean glass slide (cleaned by dipping in 95% ethanol and wiping 
dry). Mycelial disks (7 mm diameter) of field isolate and tester 
isolate growing on PDA were spaced 2 to 3 cm away. The slides 
were placed on moist filter paper in Petri dishes (20 cm diameter) 
and incubated at 27°C in the dark until the advancing hyphae from 
opposite disks overlapped slightly (2 to 3 days). When the hyphae 
from the two disks overlapped, slides were removed, the excess 
moisture was wiped from the bottom of the slide, and the disks lifted 
from the slide. The area of overlap was stained with lactophenol 
blue solution (Merck) and covered with a 22-mm coverlip and 
examined microscopically at 100× for hyphal anastomosis and 
fusion was confirmed at 400×. Anastomosis reactions were grouped 
into categories in which category C0 is no reaction, C1 is hyphae 
contact only, C2 is killing reaction which represents a somatic 
incompatibility response between genetically distinct individuals and 
C3 is a perfect fusion of hyphal cells between two isolates that 
indicative of genetic identity or near identity. Anastomosis grouping 
was assessed positively when C2 or C3 occurred in five sites at 
least (Carling, 1996). 
 
 
Molecular identification using 18S-rRNA gene 
 
Extraction of genomic DNA  
 
Cultures of Rhizoctonia isolates for DNA extraction were grown in 
50 ml of potato dextrose broth (PDB) supplemented with 250 µg ml–
1 chloramphenicol for 10 days at 28 ± 2°C without shaking. The 
mycelia were collected by vacuum filtration and stored at -80°C until 
use. Genomic DNA was extracted according to Edwards et al. 
(1991). 
 
 
Amplification of 18S rRNA gene 
 
Polymerase chain reaction (PCR) was performed in a total volume 
25 µl containing 2.5 µl 5X Colorless GoTaq® Flexi Buffer, 2.5 µl 5X 
Green GoTaq® Flexi Buffer, with 2.5 µl MgCl2, 3 µl dNTPs, 2 µl (10 

pmol) primer NS1, 2 µl (10 pmol) primer NS2, 2 µl template DNA 
and 0.2 µl (5 units/µl) GoTaq® Flexi DNA Polymerase (Promega 
Corporation, USA). PCR amplification was performed in a thermal 
cycler (Eppendorf, Thermo Fisher Scientific Inc., USA) programmed 
for one cycle at 95°C for 5 min.  

Then, 34 cycles were performed as follows: 1 min at 95°C for 
denaturation, 1 min at 55°C for annealing and 1 min at 72°C for 
elongation. Reaction was then incubated at 72°C for 10 min for final 
extension. PCR products were analyzed by electrophoresis of a 
sample (5 µl) in horizontal agarose gels, and the size of products 
was verified by comparison with a molecular weight marker (Q-
StepTM1, Yorkshire Bioscience Ltd., UK). The following two primers 
described by White et al. (1990) were used to amplify the 18S 
rRNA: NS1, (5`GTAGTCATATGCTTGTCTC3`), and NS2, 
(5`GGCTGCTGGCACCAGACTTGC3`). Electrophoresis was 
performed at 80 V with 0.5 x TBE as running buffer in 1.5 % 
agarose/ 0.5 x TBE gels and then the gel was stained in 0.5 μg/cm3 
(w/v) ethidium bromide solution and destained in deionized water. 
The DNA sequencing of PCR products was run on an automated 
DNA sequencer (ABI 3700 capillary sequencer, Macrogene, 
Korea). The obtained 18S rRNA sequences were submitted to 
GenBank to acquire accession numbers. 
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Table 1. Different isolates of R. solani used in the present study. 
 

Isolate no. 
Host plant 

Anastomosis group Source 
Latin name Common name 

YEG1 Phaseolus vulgaris L. Common bean AG-2-2 IIIB Al-Dakahlia 
YEG2 Phaseolus vulgaris L. Common bean AG-2-2 IIIB Al-Dakahlia 
YEG3 Phaseolus vulgaris L. Common bean AG-2-2 IIIB Kafr Al-Sheikh 
YEG4 Phaseolus vulgaris L. Common bean AG-2-2 IIIB Al-Dakahlia 
YEG5 Vicia faba L. Broad bean AG-2-2 IIIB Al-Gharbia 
YEG6 Phaseolus vulgaris L. Common bean AG-4 HG-I Al-Sharkia 
YEG7 Capsicum annuum L. Bell pepper  AG-4 HG-I Al-Giza 
YEG8 Lycopersicon lycopersicum L. Tomato  AG-4 HG-I Damitta 
YEG9 Cucumis sativus L. Cucumber AG-2-2 IIIB Al-Dakahlia 

 
 
 
Sequence analysis 
 
The obtained 18S rRNA sequences were analyzed using the basic 
local alignment search tool (BLAST) at NCBI database 
(http://blast.ncbi.nlm.nih.gov) (Altschul et al., 1997).  
 
 
Pathogenicity test 
 
Pathogenicity test of the isolated fungi was carried out on four 
different cultivars of common bean plant (Giza 3, Giza 6, Contendor 
and Rajma) to determine the pathogenic potentialities (virulence) of 
the different isolates of (R. solani), which were isolated from 
different districts on different common bean cultivars. The most 
aggressive isolate and the most susceptible cultivar were used for 
further investigations. Pots (20 cm in diameter) were sterilized by 
immersing them in 5% formaline solution for 15 min and left for one 
week until complete formaline evaporation. Pots were filled with 
disinfested soil at the rate of 2.5 kg/pot; clay: sand (2:1, v/v). 
Inocula of the tested fungi were prepared by growing each fungus 
isolate in bottles containing sterilized sorghum grain medium and 
incubated at 25 ± 2°C for 15 days. Soil infestation was achieved by 
mixing the inoculum of each fungus with the upper layer of the soil 
at the rate of 2% (w/w) potential inoculum. The infested soil was 
mixed thoroughly and irrigated every two days for a week before 
planting to stimulate the fungal growth and ensure its distribution in 
the soil. Five healthy common bean seeds were sown in each pot. 
Three pots were used as replicates for each isolate and plant 
cultivar, and three un-infested pots were used as control (Mathew 
et al., 2012). The common bean seeds used in this experiment 
were obtained from the Central Administration for Seed 
Certification, Ministry of Agriculture, Egypt. Plants were irrigated 
when necessary. All pots were kept in a glass house under natural 
conditions. The disease severity (DS) was determined by recording 
the percentage of un-emerged seeds (seed rot and pre-emergence) 
15 days after sowing as well as percentage of dead plants (post-
emergence) 45 days after sowing. The percentage of healthy 
survival plants were also recorded 60 days after sowing (Carling et  
al., 1999). 
 
 
RESULTS 
 
Isolation, purification and identification of the 
pathogen 
 
Naturally diseased plants of different types (common  

bean, broad bean, bell pepper, tomato and cucumber) 
exhibiting typical symptoms of root rot disease were 
collected. Out of these surveys, nine isolates of the 
pathogen were obtained and purified using the hyphal tip 
technique. These isolates were identified as R. solani 
(Table 1). 
 
 
Anastomosis grouping 
 
Nine isolates of R. solani were assigned to AG according 
to hyphal anastomosis with tester isolates from AG 1 to 
AG 10. Of these, six isolates belonged to AG 2-2 IIIB, 
while the other three isolates belonged to AG 4 HG-I 
(Table 1). Considerable variation in the color of the fungal 
culture, zonation and sclerotial formation and distribution 
on PDA plate was observed among the nine isolates after 
a 14-day growth at room temperature in a continuous 
darkness. All isolates that paired with the AG 2-2 IIIB 
tester isolate were characterized by light to dark-brown 
color, which had definite concentric rings with few 
sclerotia. While, the three isolates that paired with AG 4 
HG-I tester isolates were characterized by the absence of 
zonation and scleotia. 
 
 

Molecular identification using 18S-rRNA gene  
 
Genetic DNA for the nine isolates was subjected to PCR 
to amplify the 18S-rRNA gene. The amplified PCR 
amplicones were then subjected to DNA sequencing. The 
results showed that all the isolates were R. solani with 
sequence identity 99% which revealed that these isolates 
comes from one ancestor, but the analysis based on 
rRNA-18S sequences failed to group them into different 
distinct groups on the bases of AGs. The obtained rRNA-
18S sequences were submitted to GenBank under 
accession numbers as shown in Table 2. 
 
 

Pathogenicity test 
 
All    obtained  isolates  of  R.  solani  were  subjected   to  
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Table 2. Accession numbers for the rRNA-18S sequences 
submitted to GenBank. 
 

Isolate no. Length (bp) Accession number 

YEG1 530 FJ588592 
YEG2 598 FJ588591 
YEG3 628 FJ588598 
YEG4 521 FJ588597 
YEG5 597 FJ588590 
YEG6 668 FJ588596 
YEG7 594 FJ588589 
YEG8 532 FJ588594 
YEG9 528 FJ588593 

 
 
 
Table 3. Pathogenicity of different isolates of R. solani on common bean plants. 
 

Isolate no. 
Damping -off 

 
Root rot 

 

Damping -off 
 

Root rot 

Seed rot Pre-emergence Post-emergence No. Severity* Seed rot Pre-emergence Post-emergence No. Severity 

 Giza 3 Giza 6 
Control 0 0 0  0 0  0 0 0  0 0 
YEG1 7 4 1  3 2.67  3 10 1  1 3 
YEG2 15 0 0  0 0  15 0 0  0 0 
YEG3 12 2 1  0 0  12 2 1  0 0 
YEG4 15 0 0  0 0  15 0 0  0 0 
YEG5 14 0 1  0 0  11 2 1  1 3 
YEG6 5 4 3  3 1  0 4 2  9 2.56 
YEG7 15 0 0  0 0  15 0 0  0 0 
YEG8 14 0 1  0 0  13 2 0  0 0 
YEG9 6 4 3  2 2.5  3 3 3  6 1.83 
Total mortality (%) 94.07  Total mortality (%) 87.41 
     
 Contendor Rajma
Control 0 0 0  0 0  0 0 0  0 0 
YEG1 2 11 1  1 3  4 6 2  3 3 
YEG2 7 8 0  0 0  8 7 0  0 0 
YEG3 0 9 2  4 2.5  0 9 3  3 2.67 
YEG4 10 5 0  0 0  15 0 0  0 0 
YEG5 0 5 3  7 1.57  4 8 2  1 3 
YEG6 1 0 1  13 2.38  1 3 0  11 1.5 
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Table 3. Contd. 
 
YEG7 5 5 2  3 2.67  4 9 2  0 0 
YEG8 1 8 4  2 2.5  5 6 2  2 1 
YEG9 0 1 3  11 2.73  3 2 3  7 2.43 
Total mortality (%) 69.63  Total mortality (%) 80 

 

* Damage assessed on a scale ranging from 0 to 4, in which 0 = no damage and 4 = all shoots and roots dead (Carling et al., 1999). 
 
 
 
pathogenicity test to determine the most 
aggressive one.  

The results illustrated in Table 3 indicated that 
all isolates have the potency to cause seed rot, 
pre-emergence, post-emergence damping-off and 
root rot diseases, where they caused mortality 
ranging from 13.33 to 100%.  But R. solani 
isolated from Al-Dakahlia (YEG4) recorded the 
highest value of mortality percentage (100%) with 
all of the tested  bean cultivars.  

In order to determine the most susceptible bean 
cultivar to Rhizoctonia root rot disease, four bean 
cultivars were tested (Giza 3, Giza 6, Contendor 
and Rajma).  

All tested bean cultivars manifested the disease 
symptoms (Table 3), but Giza 3 was the most 
susceptible one. It showed the highest value of 
total mortality (94.07%). 
 
 
DISCUSSION 
 
Variability in disease symptoms, host range, and 
geographical location of R. solani isolates 
suggests that there are several strains of R. solani 
(Meinhardt et al., 2002). Of nine tested isolates, 
six belonged to AG 2-2 IIIB while the other three 
isolates belonged to AG 4 HG-I (Figure 1). These 
findings agree with the results of Bohlooli et al. 
(2005), who identified AGs of R. solani from root 
rotted bean plants as AG4, AG4HGII and AG2-2-
2B.  

Generally, symptoms where observed on 
common bean plants infected with R. solani 
include damping-off, roots and hypocotyl rots, web 
blight and aerial blight (Meinhardt et al., 2002; 
Godoy-Lutz et al.; 2008; Mikhail et al, 2010). But, 
damping-off, roots and hypocotyl rots are mainly 
associated with the R. solani anastomosis group 
AG-2-2 IIIB or AG-4 (Hagedorn, 2005; Mikhail et 
al, 2010).  

Of 290 isolates of R. solani isolated from 
diseased dry bean and soybean roots and/or 
hypocotyls and foliage, Muyolo et al. (1993) found 
that all root/ hypocotyl isolates were AG-2-2 IIIB or 
AG-4, while, foliar isolates belonged to AG-1-IB. 
At the same time, all AG-2-2 IIIB or AG-4 tested 
isolates failed to cause foliar symptoms. This 
ensured the specificity of the two AGs (AG-2-2 
IIIB or AG-4) with the root and/or hypocotyl rots 
symptoms. 

BLAST analysis for the rRNA-18S sequences of 
the nine isolates at NCBI database showed that 
all the isolates were R. solani with sequence 
identity 99% with that in the database which 
revealed that these isolates comes from one 
ancestor, but it failed to group them into different 
distinct groups on the bases of AGs. In 
conclusion, these results showed that the analysis 
based on the rRNA-18S sequences is not enough 
to distinguish between them on the bases of AGs. 
So, in the future studies, we suggest further 
analysis using rRNA-ITS region sequences in 
order to differentiate between them according to  

AGs (Sharon et al., 2007).     
Results of pathogenicity test showed that, all 

isolates were virulent and caused seed rot, pre-
emergence, post-emergence damping-off and root 
rot diseases in varied extents. At the same time, 
all the tested bean cultivars manifested the 
diseases symptoms. These results are in 
agreement with that of Mahmoud et al. (2007), 
who investigated the pathogenicity of different 
isolates of R. solani isolated from root/hypocotyle 
rotted plants of various types (cotton, clover and 
broad bean) on common bean plant and found 
that all isolates were pathogenic and caused seed 
rot, pre-emergence,  post-emergence damping-off 
and root rot diseases. The broad host range 
makes R. solani an economically important plant 
pathogen. 

Susceptibility to R. solani may be due to 
polygalacturonase, which may partially degrade 
pectate (Balali and Kowsari, 2004). R. solani 
generally attacks seedlings at the ground level 
(hypocotyls) and grows downwards into the roots. 
Meristimatic tissues of seedlings are susceptible 
to R. solani.  

As tissues mature, they become increasingly 
resistant to R. solani due to the conversion of 
pectin to calcium pectate, which is unaffected by 
the polygalacturonase produced by the fungus or 
due to an increase in the cuticle thickness that 
leads to decrease in exudation and consequent 
infection cushion formation (Stockwell and 
Hanchey, 1982). 
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Figure 1. Microscopic hyphal fusion (anastomosis) between two isolates belonging 
to the same AG (A and B). Macroscopic compatibility between two isolates 
belonging to the same AG (C), macroscopic incompatibility between two isolates 
belonging to two different AGs (D). 
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