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Abstract

The objective of this study was to characterize the morphological and pathogenic variation 
of Rhizoctonia solani isolates as well as to determine mycelial compatibility and hyphal fusion. 
The R. solani isolates CMM1053, CMM2967, CMM1052, CMM2983, CMM2971 and CMM3890 
from watermelon were used. The determination of aggressiveness was evaluated using the six 
isolates inoculated in the Crimson Sweet susceptible cultivar in a completely randomized design 
(CRD) with five replicates, the sample unit consisting of one plant. The experiment of mycelial 
growth rate was installed in the factorial scheme, 6 isolates x 3 culture media, using the following 
culture media Nutrient Agar, PDA and PSA, and a total of 5 replicates. The color characterization 
and sclerotia formation was performed 15 days after the fungal inoculation in each culture 
medium. For the characterization of vegetative compatibility and occurrence of hyphal fusion, 
the experiments were performed in CDR with three and two replicates, respectively. CMM1053 
and CMM1052 isolates were the most aggressive; however, they were statistically different only 
from CMM2967 isolate. The PSA medium was the most promising for the mycelial growth. It was 
possible to observe that there was variability in the colonies color, being higher in the Nutrient 
Agar medium. Based on evaluations of vegetative compatibility and hyphal fusion, the six 
isolates belong to the same anastomosis group.
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Introduction
The Watermelon, Citrullus lanatus, is a crop 

that has China as world's largest producer and 
Brazil occupies the sixth place among vegetable 
crops produced (FAO, 2015). The production may 
be affected by pathogen attack, and among 
them we can mention the fungus Rhizoctonia 
solani causal agent of damping-off or root rot of 
watermelon (Mirmajlessi et al., 2012).

Watermelon plants infected by R. 
solani present symptoms of seed rot, seedling 
death, stem cancer, root and fruit rot causing 
plant death and reduction in productivity 
(Aiello et al., 2012). R. solani is cosmopolitan 

and its identification is based on its morphology 
and molecular methods (Sneh et al., 1996). Its 
classification is based on anastomosis groups, 
which is defined as the somatic, or vegetative, 
manifestation of incompatibility between hyphae 
of different isolates of R.solani (Sneh et al., 1996). 
However, classification in anastomosis groups 
does not always correspond to the grouping 
of fungi that have the same aggressiveness, 
colony morphology, physiological characteristics 
and molecular methods (Das et al., 2014; Sneh 
et al., 1996). The fungus is polyphagous and 
according to Lakshman et al. (2008) presents 190 
different host species. The fungus can live in the 
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soil saprophytic way and can form resistance 
structures called sclerotia (Sneh et al., 1996). 
Such structures can provide viability of 10% to 
40% after 18 months in soil (Ritchie et al., 2012). 
The most efficient method of controlling the 
disease is through genetic control, since there 
are no registered products for chemical control 
of this disease in Brazil.  

For development of cultivars resistant 
to damping-off is necessary to obtain and 
characterize both, watermelon accessions and 
pathogen isolates. In nature, some of Rhizoctonia 
solani isolates have considerable variability in the 
morphology, physiology and its aggressiveness 
(Sherwood, 1970; Mikhail et al., 2010; Fiers et 
al., 2011). Erper et al. (2016) shows strains of 
Rhizoctonia solani isolated from winter squash 
(Cucurbita maxima) have variability in growth 
and color when grown on PDA (Potato Dextrose 
Agar). Moreover aggressiveness of the fungus 

between different anastomosis groups may 
also vary (Erper et al., 2016; Mathew et al., 2012; 
Oliveira et al., 2014).

The objective of this work was to 
characterize the morphological and pathogenic 
variation of Rhizoctonia solani strains obtained 
from watermelon, as to determine the vegetative 
compatibility and anastomosis of hyphae.

Material and Methods
The experiments were conducted in the 

Plant Pathology Laboratory and the greenhouse 
of UNIVASF in Petrolina, PE, Brazil. Six isolates 
of Rhizoctonia solani were obtained from the 
Phytopathogenic Fungal Culture Collection 
"Prof. Maria Menezes "- CMM, from Universidade 
Federal Rural de Pernambuco (Table 1). All 
the isolates were preserved in rice and had 
their pathogenicity restored by inoculation in 
watermelon.

Table 1. Description of Rhizoctonia solani isolates used in this study

Isolate Year County - State Host
CMM1053 2006 Quixeré- CE Watermelon
CMM2967 2007 Mossoró- RN Watermelon
CMM1052 2006 Quixeré- CE Watermelon
CMM2983 2007 Mossoró- RN Watermelon
CMM2971 2007 Baraúna- RN Watermelon
CMM3890 2006 Gama- DF Watermelon

Aggressiveness of R. solani isolates
Aggressiveness was determined by 

inoculation of Rhizoctonia solani isolates on 
commercial cultivar Crimson Sweet that is 
susceptible to disease. The design was a 
completely randomized with six isolates and 
five replicates plus control (without inoculation). 
The inoculum of each isolate was prepared 
independently in Erlenmeyer flasks of 250 ml. For 
this, 50 g of parboiled rice and 30 ml of distilled 
water were autoclaved (120ºC, 15 min, 1atm). 
From each isolate, growth in Potato Dextrose 
Agar (PDA) during five days at 25 ºC, were 
removed three mycelium disc with a diameter 
of 3 mm to add per flask. After incubation at 
room temperature for a period of 7 days, all rice 
grains were colonized by the fungus was used as 
inoculum.

For sowing, 80 ml disposable cups 
containing commercial substrate Topstrato® were 
used. The seeds were previously disinfected in 1% 

sodium hypochlorite for 30 seconds and washed 
in distilled water. When the seedlings presented 
the first pair of true leaves was performed 
inoculation with two grains of rice colonized by 
each isolate of pathogen. This procedure was 
carried out by packing the colonized rice grains 
near the hypocotyl of the seedlings and later 
covering the rice with the substrate.

For evaluations seven days after 
inoculation, it was used the scale proposed by 
Noronha et al. (1995) that has the following scores: 
0 = no symptoms; 1 = hypocotyl with small lesions; 
2 = hypocotyl with large lesions, but without 
constriction; 3 = hypocotyl totally constricted and 
showing damping-off; 4 = non-germinated seeds 
and / or seedlings not emerged. The Ducan 
means test was applied and the isolates with the 
highest mean values were considered the most 
aggressive.

After evaluation, two replicates of 
each treatment was carried out to laboratory 
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to re-isolation of the pathogen from tissues with 
symptoms, aiming to closing of Koch's postulates. 
Observations of pathogen structures were also 
performed under a microscope.
Evaluation of colony growth and morphology

In this experiment six R. solani isolates 
were characterized as to their growth, color 
and sclerotia formation into three culture media, 
Nutrient Agar (NA)(Himedia®), Potato Dextrose 
Agar (PDA) (Kasvi®) and Potato Sucrose Agar 
(PSA) (200 g potato, 20g sucrose, 20g agar, and 
1000ml water). All media had pH adjusted to 7.0 
with 0.5M sodium hydroxide or 0.2M hydrochloric 
acid and then taken to the autoclave (120ºC, 15 
min, 1 atm). After sterilization, 15 ml of medium 
was added to each Petri dish of 9 cm diameter. 
The six isolates of the fungus were recorded, with a 
mycelial disc of 3 mm in diameter. The experiment 
was carried out in a 6 x 3 factorial scheme, with six 
isolates of the fungus and three different culture 
media, in a completely randomized design with 
5 replicates per treatment. Each plot comprised 
one Petri dish.

Evaluations were done daily until the sixth 
day or until 90% of the plate were fully occupied 
by the fungus. The colony diameter was 
measured with the aid of a digital caliper. Fifteen 
days after the inoculation, the morphology of the 
colony of the fungus was described by color and 
shape of the mycelium, besides the formation 
of sclerodium on plate. It also calculated the 
indexes of mycelial growth rate (IMGR) using the 
expression by Pinto (2012): IMGR=∑(Dc-Dp)/N, 
where Dc is average of current colony diameter, 
Dp is average of previous colony diameter and N 
is number of days after inoculation 
Vegetative compatibility and anastomosis 
between isolates of R. solani

For this experiment the six isolates of 
R. solani were paired in all combinations. The 
pairing was mounted on petri dishes containing 
agar medium and 3 mm diameter mycelium 
discs which were peeled into the Petri dish and 
separated by a distance of 3 cm. After seven 
days, the pairing of the isolates was evaluated 
and the combinations were classified according 
to Macnish et al. (1997) into three categories: 
fused, tuff and incompatible. In the "fused" 
category the two cultures come together with 

little or no evidence of demarcation; in the tuff 
category there is an area of ​​distinct demarcation 
between the colonies that are occupied by 
a band of hyphae raised above the general 
level of the mycelium on the surface of Agar. 
The category "incompatible" is a category 
used to group the reactions that do not fit into 
the other categories and the junction of the 
hyphae does not occur. This experiment was 
set up in a completely randomized design with 
three replicates and fungi growth occurred at a 
temperature of 28ºC.

For the evaluation of the anastomosis 
between the isolates experiment was conducted 
in Petri dishes with PDA medium. The plates 
assembly scheme followed the vegetative 
compatibility, however, a sterilized cover slip 
was added between the mycelium disks of 
the isolates, where the hyphae grew and 
occasionally the anastomoses occurred, it 
was possible to observe the reaction of the 
hyphal fusion. This experiment was performed 
in a completely randomized design with two 
replicates and the growth of isolates occurred 
at temperature of 28ºC. To observe the hyphal 
fusion the cover slips were removed and the 
hyphal stained with Safranine O. Observations of 
microscopic structures were performed with the 
aid of an optical microscope (Nikon Eclipse E200 
®). The evaluation occurred with the detection or 
not of the anastomosis between the hyphae of 
different isolates, classified as absent or present.
Statistical analysis 

The scores obtained in the aggressiveness 
experiment and the IMGR were submitted to the 
normality test of the Shapiro-Wilk errors at 5% 
and after verifying the normality the data was 
performed the analysis of variance.  The means 
of aggressiveness were submitted to Duncan's 
mean clustering test and IMGR to Scott-Knott 
both at 5% significance using the R Core Team 
program. 

Results and Discussion
Isolates CMM1053 and CMM1052 were 

the most aggressive, with the mean scores 
of 4 and 3.8 respectively, however were not 
statistically different from CMM2983, CMM2971 
CMM3890. CMM2967 was considered the less 
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aggressive with a mean score of 2.8 (Table 2). Thus, 
knowledge of different levels of aggressiveness is 
of great interest in plant breeding work, since, 
susceptible varieties when inoculated with little 
aggressive isolated may show as resistant. On the 
other hand, when inoculated with very aggressive 
isolates, they may be highly susceptible (Van 

Der Plank, 1968). The isolate CMM1053 in a study 
with Fava bean was considered one of the most 
aggressive, which was also observed in our study 
(Assunção, 2011). Plant samples with symptoms 
were taken to the laboratory for reisolation to 
prove the tissues were infected by the fungus.

Table 2. Mean score and standard deviation of the watermelon seedlings inoculated with the six isolates. Means 
followed by same letter do not differ statistically by mean Duncan test at 5% probability

Isolate Mean score ± Standard deviation
CMM1053 4.0 ± 0.00 a
CMM1052 3.8 ± 0.45 a
CMM2983 3.6 ± 0.55 ab
CMM2971 3.4 ± 0.55 ab
CMM3890 3.2 ± 1.10 ab
CMM2967 2.8 ± 0.84 b

Control 0.0 ± 0.00 c

There was significant interaction 
between culture media and isolates for indexes 
of mycelial growth rate (IMGR) (Figure 1). The 
PSA medium was the one that obtained the 
highest IMGR, indicating that the majority of the 
isolates had the most accelerated growth in this 
medium. Isolates that had better growth in PSA 
medium were CMM2967 and CMM2971, with 
IMGR of 49.09 and 51.90 mm.day-1, respectively. 
For the PDA medium the highest IMGR were from 
CMM1053, CMM3890, CMM2971 and CMM2967 
isolates, ranging from 42.20 to 43.88. Agar nutrient 
medium was the one that had the lowest rates of 
growth speed. The isolates that had the highest 
IMGR were CMM1053, CMM2971, CMM2967 and 

CMM3890, ranging from 39.30 to 45.51 mm.day-1. 
These results show that depending on the culture 
medium, the isolates may behave differently, 
corroborating the results of MacNish et al. (1997), 
that found a difference in mycelial growth of 
Rhizoctonia solani isolates in PDA that belonging 
to the AG-10 anastomosis group. Most of the 
studies use PDA medium to evaluate the mycelial 
growth and the temperature of 25ºC for growth 
is considered optimal (Erper et al., 2016; Silva-
Barreto et al., 2010; Yang et al., 2015). Therefore, 
according to our results the PSA medium can 
also be included as an excellent medium for the 
growth of Rhizoctonia solani.

Figure 1. Indexes of mycelial growth rate (IMGR) (mm.day-1) from different 
isolates and culture medium (NA - Nutrient Agar, PSA – Potato Sucrose Agar and 
PDA – Potato Dextrose Agar). Means followed by the same lowercase letters 
among isolates and uppercase letters among culture medium, do not statistically 
differ by Scott-Knott test at 5% significance
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 Fifteen days-old cultures were evaluated 
for sclerotia formation, however sclerotia were not 
observed to any isolate used for all media tested. 
It was observed that there were differences in 
colony color depending on the medium, wherein 
the isolate CMM1053, CMM2983 and CMM1052 
have a white colored colony on PDA and PSA 
media and the other isolates showed a brown 
color (Figure 2). It is also possible to emphasize that 
in the medium Nutrient Agar the fungi presented 
a brown darker color different from the color of 
the colony when grown in PDA or PSA. Erper et al. 
(2016) analyzing morphological characteristics 

of Rhizoctonia solani isolates belonging to the 
AG-4 anastomosis group found differences in 
both, colony color and sclerotia formation in PDA 
medium. We also observed color variability in 
our study as also observed by Sanfuentes et al. 
(2007). Spedaletti et al. (2016) showed that 62.9% 
of the colonies of Rhizoctonia solani grown in PDA 
had a light brown coloration and that only 20.6% 
had a white color. However, it was not found in 
the literature, the use of NA and PSA to observe 
colony color and growth. PSA was described to 
preservation of isolates (Zhang et al., 2016).

Figure 2. Colony color variation observed in different culture medium (NA - Nutrient Agar, PSA – Potato Sucrose Agar and PDA 
– Potato Dextrose Agar)

For vegetative compatibility only the 
combinations CMM1053 with CMM1052 and 
CMM2967 with CMM3890 were incompatible, 
that is, the hyphae did not arrive at any time 
close to each other. For most combinations the 

classification was as "fused", that is, the hyphae of 
the isolates overlapped one on top of the other 
(Table 3). The category "Tuff" was not observed in 
our experiment.

Table 3. Vegetative compatibility between Rhizoctonia solani isolates

Isolates CMM1053 CMM2967 CMM1052 CMM2983 CMM2971 CMM3890
CMM1053 x** F* I F F F
CMM2967 x F F F I
CMM1052 x F F F
CMM2983 X F F
CMM2971 x F
CMM3890 x

* Vegetative compatibility between isolates. F = fused, I= incompatible and T= tuff.  ** x= Pairing did not realized.

For the anastomosis of hyphae we 
can observe that all pairs were vegetatively 
compatible (Table 4). We can observe in detail 
the fusion of hyphae between isolates CMM1053 
and CMM2967 (Figure 3A) and between isolates 
CMM2983 and CMM3890 (Figure 3B).

For most combinations it was possible 
to detect the presence of anastomosis, so we 
can infer that these isolates belong to the same 
anastomosis group. On the other hand, those 
combinations that did not present anastomoses 
were the same ones in which the vegetative 
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Table 4. Hyphal anastomosis between Rhizoctonia solani isolates

Isolates CMM1053 CMM2967 CMM1052 CMM2983 CMM2971 CMM3890
CMM1053 x** F* A P P P
CMM2967 x P P P A
CMM1052 x P P P
CMM2983 X P P
CMM2971 x P
CMM3890 x

*Classification of hyphal anastomosis between Rhizoctonia solani isolates. A= absent and P= present.  ** x= Pairing did not 
realized.

Figure 3. Hyphal anastomosis between Rhizoctonia solani isolates. Images at 400x magnification

compatibility was not observed. However in our 
study it was not possible to make the classification 
made by Sneh et al. (1996) based on the 
stability of the anastomosis, in which it classifies 
the perfect fusion as one in which the hyphae 
cell does not die after fusion. Hyphal fusion is a 
classical method widely used for identification 
and classification of Anastomosis groups (AG) 
among Rhizoctonia solani isolates and some 
groups have been subdivided into subgroups 
according to physiological differences and 
host specificity (Skonieczek et al., 2016; Yang 
et al., 2015). The fact that anastomosis occurs 
for most isolates may explain the fact that all 
isolates cause disease in watermelon. In order 
to determine which anastomosis group belongs, 
it is necessary that R. solani isolate be identified 
as belonging to identified group and them 
pairing with the other isolates or use of molecular 
methods with specific primers to determine the 
anastomosis group (Erper et al., 2016 Yang et al., 
2017, Yang et al., 2015).

Thus, we identified variability for all traits 
evaluated and found an alternative medium 
(PSA) for fast growth of isolates. These results 
allowed us to identify the most aggressive strains 
to be used in the evaluation of resistance and will 
facilitate the work of breeders and pathologist 

working with damping-off of watermelon.

Conclusions
Variation was observed for all evaluated 

characters. The CMM1052 and CMM1053 isolates 
were the most aggressive, however they differed 
statistically only from the CMM2967 isolate, which 
was the least aggressive. The PSA medium was 
shown to be the most suitable for the rapid growth 
of the isolates of R. solani, being an alternative 
to the PDA for studies with R. solani. The isolates 
grown in nutrient agar had the highest color 
variation of the colony. By the hyphal anastomosis 
tests and vegetative compatibility the isolates 
belong to the same anastomosis group.
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