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ABSTRACT 

Biological control consists of using one organism to attack another that may cause economic damage to 
crops. Integrated Pest Management (IPM) is a very common strategy. The white mold produced by Sclerotinia 
sclerotiorum (Lib.) causes considerable damage to bean crops. This fungus is a soil inhabitant, the symptoms 
of which are characterized by water-soaked lesions covered by a white cottony fungal growth on the soil 
surface and/or the host plant. Possible biological control agents taken from plants are being investigated as 
phytopathogen inhibitors. These are endophytic microorganisms that inhabit the intercellular spaces of 
vegetal tissues and are often responsible for antimicrobial production. The objective of the present study 
was to select endophytic fungi isolated from comfrey (Symphytum officinale L.) leaves with in vitro antagonist 
potential against the phytopathogenic fungus S. sclerotiorum. Twelve isolates of endophytic fungi and a 
pathogenic strain of S. sclerotiorum were used in the challenge method. With the aid of this method, four 
endophytes with the best antagonistic activity against S. sclerotiorum were selected. Pathogen growth 
inhibition zones were considered indicative of antibiosis. The percentages of pathogenic mycelia growth 
were measured both with and without the antagonist, resulting in growth reductions of 46.7% to 50.0% for S. 
sclerotiorum. These analyses were performed by evaluating the endophytic/pathogenic mycelia growth in 
mm/day over an eight-day period of antagonistic tests. 
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INTRODUCTION 

Beans crops of Phaseolus vulgaris L. (21) are highly 
susceptible to white mildew, a disease caused by the soil-
inhabiting fungus, Sclerotinia sclerotiorum (Lib.) (16,22). This 
disease manifests itself in the stem, leaves and beans, arising 
first in parts closer to the ground. Symptoms are characterized 
by cottony white mycelia that form compact masses, which 
usually produce resistant structures called sclerotia with high 
genetic diversity (11). Depending on the location and extension 
of the necrosis, the plant may exhibit a yellowish-brown 

discoloration and die (9). Seeds under attack lose their brightness 
and become cloudy, leading to weight reduction and causing 
economic and commercial harm to producers (13). 

Generally, white mildew prevention is achieved with the use 
of specific fungicides. Problems associated with fungicide 
spraying of crops include failure to achieve pathogen control 
due to the resistance of pathogen populations, environmental 
contamination, harm to human health and high economic costs 
(12). 

In this context, biological control appears to be a rational 
alternative for agriculture and a number of pathosystems are 
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currently commercially available (15). The use of living 
organisms that can attack other organisms that cause economic 
damage to crops is defined as Biological Control (14). This is a 
strategy used in agroecological systems as well as conventional 
agriculture based on Integrated Plague Handling (IPH). IPH 
can result in greater economic viability when compared to the 
high costs of the exclusive use of the chemical control of plant 
diseases (1). 

Biological Control Agents (BCA) are a valid alternative for 
use in the control of pests in crops (20). The biological control, 
or biocontrol, of phytopathogens and diseases is generally 
achieved by using specific microbial agents or introducing 
selected microorganisms into the system. In these cases, the 
isolation of an efficient biocontrol agent must be developed 
(12). For such, endophytes are currently employed. Endophytic 
strains live inside plants without causing any apparent damage 
to their hosts (3). Among endophytic microorganisms, certain 
fungi and bacteria have proven efficient against 
phytopathogens, suggesting antimicrobial production (19). 
Endophytic fungi are isolated from plants and are submitted to 
tests for antimicrobial activity in order to investigate their 
potential for agricultural application (7). Studies have indicated 
that endophytes have potential for biological control due to 
their antagonistic effect against the fungus S. sclerotiorum (26). 

The herbaceous plant Symphytum officinale L. (25), 
popularly known as comfrey (Boraginaceae), is frequently used 
for its therapeutic properties. Extracts from comfrey leaves 
inhibit the germination of fungal pathogens and activate natural 
plant defense mechanisms (24). These medicinal plants and their 
potential endophytic interactions are being investigated and 
have shown promising results concerning the use of endophytes 
as biocontrol agents against pests and diseases (17). 

In virtue of the importance of bean crops, the biocontrol of 
the phytopathogen S. sclerotiorum using endophytic strains 
is an excellent economic possibility, as it causes less damage to 
the environment. The objective of the present study was to 
select endophytic fungi isolated from comfrey leaves with in 
vitro antagonistic potential against the phytopathogen S. 
sclerotiorum. 

MATERIALS AND METHODS 

Isolation of Endophytes 
Endophytic fungal strains were isolated from comfrey leaves 

based on the methodology described in Penna (23) with some 
modifications. For surface sterilization, healthy leaves were 
washed carefully in running water and petioles were covered 
with melted paraffin. The material was submerged in 3% sodium 
hypochlorite (NaOCl) for 1 min, 70% ethanol for 1 min and 
distilled water for 3 min. The leaves were cut into 8 mm2 

fragments, which were transferred to Petri dishes containing 
potato dextrose agar (PDA). As a negative control, 100 μL of 

the distilled water used in the leaf surface sterilization was spread 
on PDA dishes and incubated at 18 and 28ºC. Fungi were grown 
in Sabouraud Agar, immersed in plastic tubes with sterilized 
water and stored at 4ºC (6). 

Biological Assays 
Twelve endophytic fungal strains were used in the present 

study to evaluate antagonism against an isolate of the 
phytopathogen S. sclerotiorum, using the challenge method. 

Assembly of the Challenge Method 
Both the endophyte and the phytopathogen were inoculated 

on a Petri dish containing Sabouraud agar, each 1 cm from the 
edge of the plate. As control tests, fungal strains were 
inoculated separately on a dish (1 cm from the edge) and 
maintained at 28ºC for 8 days, which was period of time that the 
mycelia reached maximal growth in the presence of the 
antagonistic strains and no more growth was observed. Initial 
tests were developed in triplicate to evaluate the antibiosis of 
endophytes against S. sclerotiorum. Positive results for 
antagonism were then repeated, with ten repetitions. At the 
same time, controls for the endophytic and phytopathogen 
strains (one strain per plate) were incubated at 28ºC for 15 days, 
which was the time sufficient for reaching the opposite border 
under the same conditions as the challenge tests. Evaluation of 
mycelia growth for each strain in the control and challenge was 
performed by measuring colony diameters in mm/day and the 
data was displayed in graphs, expressed in mm/time. 

T-Test for Comparison of Mycelial Growth 
The t-test was used for the comparison of mean values of 

mycelia growth for both endophytic and phytopathogenic 
strains after 8 days both for the control and challenge experiments. 
The SAS program was used for these analyses (18). 

Morphological Identification of Endophytic Strains 
PDA microculture slides were used to identify endophytic 

fungi, which were covered with glass slip covers and incubated 
at 28ºC. After 7 and 14 days, slides containing the mycelia of the 
endophytic fungi were stained with Lactophenol Cotton Blue 
(LPCB) and observed under an optical microscope (400X). Spore 
morphology and vegetal structures were compared with a 
standardized key for fungus identification (10). 

Spore Dilution 
In the challenge method, the dishes were incubated at 28ºC 

to promote the growth of the strains. Both challenge and control 
growth of endophytes and phytopathogens (one strain per plate) 
were tested under the same conditions. One-cm2 plugs of 
Sabouraud agar containing control and challenge fungal strains 
were collected with the aid of a sterilized clamp and scalpel. Each 
plug was placed in a tube containing 1 mL of 0.9% NaCl solution 
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and 0.2% tween. 10-1 dilution was obtained and 10μL of the 
spore solution was placed in a Neubauer chamber and visualized 
under an optical microscope (400X), followed by spore counts. 

T-Test for Comparison of Spore Production 
The t-test was used for the comparison of mean values of 

spore counts produced by endophytic and phytopathogenic 
strains during the 8-day period in both control and challenge 
experiments. The t-test was analyzed with the aid of the SAS 
program (18). 

Microorganism Preservation 
Strains that could potentially produce antimicrobial 

substances against phytopathogenic strains were stored in filter 
paper straps at -20ºC and in Sabouraud agar plugs containing 
mycelia, immersed in sterilized water and stored at 4ºC (6). 

RESULTS AND DISCUSSION 

Among twelve endophytic strains tested in the challenge 
methodology, four (Trichophyton sp., Chrysosporium sp., 
Candida pseudotropicalis and Candida tropicalis) exhibited 
the best antagonistic activity against the phytopathogen S. 
sclerotiorum. This was the first report of these three genera 
isolated as endophytes from Symphytum officinale L. (comfrey). 

The growth of phytopathogenic and endophytic strains in 
the challenge experiments reached maximal rate eight days after 
inoculation. The marks correspond to halo formation between 
the two strains under challenge, as shown in Fig. 1. Inhibition 
halos were considered indicators of antibiosis caused by 
antagonistic substances possibly produced in the culture media. 

In vitro antagonism obtained from the challenge technique 
between endophytes and S. sclerotiorum was also determined 
in Pileggi et al. (17), suggesting a strong potential for the use of 
endophytic microorganisms in biological control programs, 
particularly those producing antagonistic substances. Bell et 
al. (4) and Durman et al. (8) also observed halos between an 
endophytic Trichoderma and different pathogenic strains. In 
the present study, in vitro methods revealed the antagonistic 
potential of the endophytes against a pathogenic strain. 
However, in vitro antagonistic activity does not correspond to 
in vivo disease reduction in all cases, as observed by Bettiol (5) 
and Andrews (2). 

Separate growth of the isolated endophytic fungi and S. 
sclerotiorum (experimental controls) over a 15-day period 
provided the standardized 100%, as shown in Fig. 2. This figure 
reveals that, when challenged, both strains stopped growing in 
just 8 days. 

The isolates with the greatest antagonistic effect against 
S. sclerotiorum (probably due to antibiosis) were C. 
pseudotropicalis (50.0% inhibition), Chrysosporium sp. (48.9% 
inhibition), C. tropicalis (47.8% inhibition) and Trichophyton sp. 

Figure 1. Challenge experimental design between endophytic 
strains and the phytopathogen S. sclerotiorum. The endophytic 
strains C. pseudotropicalis (A), Trichophyton sp. (B), C. 
tropicalis (C) and Chrysosporium sp. (D) are positioned on the 
left and S. sclerotiorum is positioned on the right. 

(46.7% inhibition) (Fig. 3). The antagonistic effect was revealed 
by a considerable reduction in the growth rate of S. sclerotiorum 
in the presence of the endophytes when compared to the growth 
rate in the control experiment. Growth reduction of S. sclerotiorum 
was also demonstrated by Ethur (9) using the in vitro challenge 
method with Trichoderma strains isolated as biocontrol agents, 
in which growth inhibition ranged from 86% to 94%. In the present 
study, we observed a reduction in the growth rate of S. 
sclerotiorum ranging from 46.7% to 50.0%. The data reveal that 
growth rate of the pathogenic strain in the challenge tests was 
highly reduced in relation to the control results. 

Table 1, which summarizes Fig. 2, shows the growth of S. 
sclerotiorum over the 8-day period challenged against the 
following endophytic strains: C. pseudotropicalis, C. 
tropicalis, Chrysosporium sp. and Trichophyton sp., revealing 
a statistically significant reduction when compared with the 
growth rate for the same time interval in the control tests. The 
significant reduction in the S. sclerotiorum growth rate in the 
challenge in comparison to the control indicates possible 
antimicrobial activity by the endophytic fungi strains against 
the phytopathogen (Table 1). 

Fungal sporulation was studied with the aim of evaluating 
whether this event was affected by chemical stress among the 
strains in the challenge tests. Spore counts were performed in a 
Neubauer chamber at a 10-1 dilution factor. There was no 
statistically significant difference in mean spore count values 
of endophytic and pathogenic strains between the control and 
challenge (Table 2). Nonetheless, Table 2 shows that, in absolute 
numbers, spore count values were always greater in the 
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Figure 2. Growth representation of C. pseudotropicalis/S. sclerotiorum strains (A); C. tropicalis/S. sclerotiorum (B); Trichophyton 
sp./S. sclerotiorum (C); and Chrysosporium sp./S. sclerotiorum (D) in mm/day for during a 15-day control experiment (one strain 
per Petri dish) and 8-day challenge tests (endophytic/pathogenic strains inoculated in the same Petri dish). Mean values followed 
by the same letter do not differ statistically, according to t-test at a 5% level of significance. 

challenge than control tests. As sporulation occurs, it is possible 
that these differences will become significant later on. 

The results of the present study suggest the need for further 
experiments on the antagonistic activity of the endophytic 
strains against S. sclerotiorum using in vivo assays with plants 
under controlled greenhouse conditions. After these 
evaluations, the endophytes tested in the present study could 
be considered for use in S. sclerotiorum biological control 
programs. Four endophytes were selected for their antagonistic 
activity against S. sclerotiorum. The inhibition halos in the 
challenge experiments were considered indicative of antibiosis. 
Pathogen growth reduction of up to 50% in the antagonistic 
tests indicates the metabolic activity of endophytic strains in 

the presence of S. sclerotiorum. No significant difference was 
found in spore production by the phytopathogen between the 
control and challenge tests. The in vitro quantitative and 
qualitative information obtained in the present study indicates 
that the use of bioactive products from endophytic strains or 
biological control of S. sclerotiorum needs to be studied in 
greater detail. 
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Table 1. Mycelia growth of S. sclerotiorum in control and 
challenge tests during an 8-day period against the endophytic 
fungal strains C. pseudotropicalis; Trichophyton sp.; C. 
tropicalis and Chrysosporium sp. The table also shows the 
mycelia growth of the endophytes C. pseudotropicalis; 
Trichophyton sp.; C. tropicalis and Chrysosporium sp. in the 
control and challenge tests during the 8-day period against S. 
sclerotiorum.

 Treatment Average diameter 
(mm) on 8th day 

1. Control S. sclerotiorum 60 a 
2. Control C. tropicalis 58 a 
3. Control C. pseudotropicalis 57 a 
4. Control Chrysosporium sp. 57 a 
5. Control Trichophyton sp. 55 ab 
6. S. sclerotiorum with Trichophyton sp. 48 bc 
7. S. sclerotiorum with C. tropicalis 47 c 
8. S. sclerotiorum with Chrysosporium sp. 46 c 
9. C. pseudotropicalis with S. Sclerotiorum 46 c 
10. S. sclerotiorum with C. pseudotropicalis 45 c 
11. Chrysosporium sp. with S. sclerotiorum 44 c 
12. C. tropicalis with S. sclerotiorum 43 c 
13. Trichophyton sp. with S. sclerotiorum 42 c 

Mean values followed by the same letter do not differ statistically, 
according to t-test at a 5% level of significance. 

Table 2. Spore counts of endophytic and pathogenic fungal 
strains in control and challenge tests at a 10-1 dilution factor 
over an 8-day period.

 Strains 10-1 Dilution 
Factor 

Control S. sclerotiorum 32.10-1 a 
S. sclerotiorum with C. pseudotropicalis 40.10-1 a 
S. sclerotiorum with Trichophyton sp. 34.10-1 a 
S. sclerotiorum with C. tropicalis 37.10-1 a 
S. sclerotiorum with Chrysosporium sp. 39.10-1 a 
Control C. pseudotropicalis 29.10-1 a 
C. pseudotropicalis with S.clerotiorum 34.10-1 a 
Control Trichophyton sp. 31.10-1 a 
Trichophyton sp. with S. clerotiorum 37.10-1 a 
Control C. tropicalis 35.10-1 a 
C. tropicalis with S. sclerotiorum 42.10-1 a 
Control Chrysosporium sp. 33.10-1 a 
Chrysosporium sp. with S. sclerotiorum 41.10-1 a 

Mean values followed by the same letter do not differ statistically, 
according to t-test at a 5% level of significance. 

Fungi from comfrey for control of S. sclerotiorum 

Figure 3. Inhibition percentage of the pathogen S. sclerotiorum 
in the presence of endophytic strains in challenge tests ranging 
from 46.7% to 50.0%. The growth rate of S. sclerotiorum in the 
control was standardized as 100%. 

RESUMO 

Seleção de fungos endofíticos de confrei (Symphytum 
officinale L.), buscando controle biológico in vitro do 

fitopatógeno Sclerotinia sclerotiorum (Lib.) 

O controle biológico consiste no uso de organismos que 
atacam outros que causam danos a culturas de plantas. Esta é 
uma estratégia muito utilizada no Controle Integrado de Pragas 
(CIP). O mofo branco, causado por Sclerotinia sclerotiorum 
(Lib.), causa danos em culturas de feijão. Este fungo é encontrado 
no solo e seus sintomas são caracterizados por lesões úmidas 
cobertas por micélios algodonosos, crescidos a partir do solo e/ 
ou da planta hospedeira. Há relatos de pesquisas buscando 
agentes potenciais de controle biológico isolados de plantas 
para controlar fungos fitopatogênicos. Entre estes agentes 
encontram-se os microrganismos endofíticos, habitantes de 
espaços intercelulares de tecidos vegetais, muitas vezes 
responsáveis pela produção de substâncias antimicrobianas. 
Este trabalho teve por objetivo selecionar linhagens endofíticas 
isoladas de folhas de confrei (Symphytum officinale L.), com 
potencial de antagonismo in vitro contra a linhagem 
fitopatogênica S. sclerotiorum. Doze linhagens de fungos 
endofíticos foram utilizadas na técnica de desafio em placa contra 
um isolado patogênico de S. sclerotiorum. Com o auxílio desta 
técnica, quatro linhagens com melhor atividade antagonística 
contra S. sclerotiorum foram selecionadas. Zonas de inibição 
no crescimento da linhagem patogênica foram consideradas 
como indicativo de antibiose. Foram efetuadas análises da 
porcentagem de elongação micelial com e sem antagonismo, 
mostrando resultados de 46,7% a 50,0% de redução no 
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crescimento micelial do fitopatógeno. Estas análises consistiram 
de avaliações das medidas do crescimento em mm/dia das 
linhagens endofíticas/patogênica em testes de antagonismo. 

Palavras-chave: controle biológico, Sclerotinia sclerotiorum 
(Lib.), linhagens endofíticas, Symphytum officinale L. 
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