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ABSTRACT
Pinto, Z.V.; Cipriano, M.A.P.; Santos, A.S.; Pfenning, L.H.; Patricio, F.R.A. Control of lettuce bottom rot by isolates of Trichoderma spp.

Summa Phytopathologica, v.40,1n.2, p.141-146, 2014.

Bottom rot, caused by Rhizoctonia solani AG 1-IB, is an important disease
affecting lettuce in Brazil, where its biological control with Trichoderma
was not developed yet. The present study was carried out with the aim of
selecting Trichoderma isolates to be used in the control of lettuce bottom
rot. Forty-six Trichoderma isolates, obtained with baits containing mycelia
of the pathogen, were evaluated in experiments carried out in vitro and
in vivo in a greenhouse in two steps. In the laboratory, the isolates were
evaluated for their capabilities of parasitizing and producing toxic metabolic
substances that could inhibit the pathogen mycelial growth. In the first
step of the in vivo experiments, the number and the dry weight of lettuce
seedlings of the cultivar White Boston were evaluated. In the second step,
12 isolates that were efficient in the first step and showed rapid growth and
abundant sporulation in the laboratory were tested for their capability of

controlling bottom rot in two repeated experiments, and had their species
identified. The majority of the isolates of Trichoderma spp. (76%) showed
high capacity for parasitism and 50% of them produced toxic metabolites
capable of inhibiting 60-100% of R. solani AG1-IB mycelial growth. Twenty-
four isolates increased the number and 23 isolates increased the dry weight
of lettuce seedlings inoculated with the pathogen in the first step of the in
vivo experiments. In both experiments of the second step, two isolates of
T. virens, IBLF 04 and IBLF 50, reduced the severity of bottom rot and
increased the number and the dry weight of lettuce seedlings inoculated with
R. solani AG1-1B. These isolates had shown a high capacity for parasitism
and production of toxic metabolic substances, indicating that the in vitro and
in vivo steps employed in the present study were efficient in selecting antagonists
to be used for the control of lettuce bottom rot.

Additional keywords: biological control, Rhizoctonia solani, Lactuca sativa.

RESUMO

Pinto, Z.V.; Cipriano, M.A.P.; Santos, A.S.; Pfenning, L.H.; Patricio, F. R. A. Controle da queima da saia em alface com isolados de Trichoderma

spp. Summa Phytopathologica, v.40, n.2, p.141-146, 2014.

A queima da saia, causada por Rhizoctonia solani AG 1-IB, ¢ uma
importante doenga da cultura da alface no Brasil, para a qual o controle biologico
com Trichoderma nao foi desenvolvido até o momento no pais. O presente
estudo foi realizado com o objetivo de selecionar isolados de Trichoderma
para serem usados para o controle da queima da saia em alface. Quarenta e
seis isolados de Trichoderma obtidos com iscas contendo micélio do patdgeno
foram avaliados em experimentos conduzidos in vitro e in vivo, os quais foram
realizados em casa de vegetagdo, em duas fases. Em laboratério os isolados
foram avaliados com relagdo as capacidades de parasitismo e de produgdo
de substancias metabdlicas toxicas, com capacidade de inibir o crescimento
micelial do patéogeno. Na primeira fase dos experimentos in vivo, foram
avaliados o numero e a massa seca de plantulas de alface da cultivar White
Boston. Na segunda fase, 12 isolados eficientes na primeira fase e que também
apresentaram rapido crescimento e esporulagdo abundante em laboratorio,

foram avaliados com relagdo a sua capacidade de controlar a queima da saia em
dois experimentos repetidos, e também tiveram suas espécies identificadas. A
maioria dos isolados de Trichoderma spp. (76%) apresentou elevada capacidade
de parasitismo e 50% dos isolados produzim metabolitos toxicos capazes de
inibir 60-100% do crescimento micelial de R. solani AG1-1-B. Vinte e quatro
isolados promoveram aumento do niimero e 23 na massa seca de plantulas de
alface inoculadas com o patogeno na primeira fase dos experimentos in vivo.
Nos dois experimentos da segunda fase dois isolados de 7 virens, IBLF 04 e
IBLF 50, reduziram a severidade da queima da saia ¢ promoveram o aumento
do numero e da massa seca das plantulas de alface inoculadas com R. solani AG
1-IB. Esses isolados haviam apresentado elevada capacidade de parasitismo e
de produgéo de substancias metabolicas toxicas, indicando que as fases in vitro
e in vivo empregadas no presente estudo foram eficientes para a selegdo dos
antagonistas a serem utilizados para o controle da queima da saia em alface.

Palavras-chave adicionais: controle biologico, Rhizoctonia solani, Lactuca sativa.
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Lettuce is the most important leafy vegetable produced and
consumed in Brazil, where it is commercialized and consumed fresh.
According to the last great agricultural census conducted in Brazil in
2006, 525,602 mega grams of lettuce were produced in the country (14).

Bottom rot, caused by Rhizoctonia solani, is an important disease
affecting lettuce and it is widespread in several producing areas of this
crop in Brazil (15, 22). Losses of up to 70% have been reported for
cultures produced on infested soils under conditions of high humidity
and temperatures between 25 and 27 °C during the cycle of the lettuce
crop (23). The incidence of this disease is related to the amount of
pathogen inocula present on the soil (12), and the control of R. solani
is difficult because it can survive for a long time on the soil associated
with organic matter or as micro-sclerotia (1).

The fungus Rhizoctonia solani is frequently found on soils and can
be a plant pathogen to several cultures or a saprophyte. R. solani is
composed of genetically isolated groups that are separated according to
their anastomosis behavior (10). In Brazil, AG 1-IB is the anatomosis
group associated with lettuce bottom rot (22); it is also the group most
frequently associated with this disease in other countries (10).

Several measures have been suggested for the management
of lettuce bottom rot, including deep plowing, adequate irrigation and
drainage, control of weeds (23), as well as tillage or crop rotation
with cereals and subsequent incorporation of the crop residues (22).
On soils containing high amounts of R. solani inocula, chemical
control with fungicides is frequently used (22). Biological control with
Trichoderma spp. has previously demonstrated potential to control
this disease (8, 17), which is very interesting, specially for this crop.
Lettuce is consumed fresh and has a rather short cycle, 30 to 45 days
after the transplanting of seedlings, which enhances the probability
of contamination with pesticides. In 2011-2012, 41% of the lettuce
samples analyzed to detect pesticides in Brazil were contaminated with
pesticides not registered for this culture (2).

Trichoderma is one of the most studied antagonists for the
biocontrol of soilborne pathogens, presenting the advantage of being
almost innocuous to humans and having no harmful environmental
effects (32). Due to the improvement in the technology developed
for multiplication, formulation and storage of this fungus (30), the
commercial production of Trichoderma has considerably expanded
in Brazil in the last few years, but the products available were not
developed for the control of lettuce bottom rot.

Effective antagonists can be selected by means of in vitro and
in vivo experiments (6). Under in vitro conditions, some important
biocontrol mechanisms such as parasitism and antibiosis are relatively
easy to be assessed for several isolates (16), as well as the ability of
the selected organisms to multiply and produce spores on inexpensive
solid substrates (29). However, the effective potential for biocontrol
capacity can only be properly evaluated under natural conditions (29).

Considering the relevance of the development of biological control
for the management of lettuce bottom rot as an alternative to fungicides,
the present study was carried out to select isolates of Trichoderma spp.
that could be effective in controlling this disease.

MATERIAL AND METHODS

Isolates of Trichoderma spp. were obtained from soil samples by
using baits (9) in the years of 2001 and 2003. The baits were prepared
with wheat grains placed in Erlenmeyer flasks previously moistened
and autoclaved for one hour at 120 °C on two consecutive days. Each
Erlenmeyer flask contained 500 g of wheat grains and received 20 discs
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of mycelium of R. solani AG 1-IB grown for seven days on potato
dextrose agar medium (PDA). The flasks were kept in the laboratory
at room temperature for 10 days. Petri dishes (15 cm in diameter)
containing the soils received 20 baits each. After incubation from
four to five days in the laboratory, the dishes were observed under a
stereoscopic microscope. When mycelium and conidia characteristic
of Trichoderma were noted over the baits, they were transferred to
Petri dishes containing PDA plus streptomycin (0.2%). When needed,
the colonies were transferred again to PDA until pure cultures of each
isolate were obtained.

Initially, the forty-six isolates of Trichoderma spp. were subjected to
a pairing test with R. solani AG 1-1B, following the method developed
by Bell et al. (3), modified by May & Kimati (18). Paired colonies were
allowed to grow on the surface of the medium for five days at room
temperature. The development of the pathogen and the antagonist was
evaluated according to Carvalho et al. (7). The experiments were carried
out in a completely randomized design with four replicates per isolate.

The release of metabolic substances by the forty-six isolates of
Trichoderma spp. was evaluated according to the cellophane method.
Petri dishes containing PDA were autoclaved with a cellophane disc of
9 cm diameter placed on the medium. A disc containing the colony of
the isolate of Trichoderma spp. was placed on the center of the plate.
The colonies were allowed to grow at room temperature for 48 hours
on the cellophane; then, both the colonies and the cellophane were
removed and a disc containing a R. solani colony was placed on the
center of each Petri dish. The dishes were kept at room temperature
for 72 hours when the diameter of each R. solani colony was measured
and compared with the diameter of colonies grown on PDA alone. The
experiments were carried out in a completely randomized design, with
four replicates for each isolate.

After the laboratorial experiments, the forty-six isolates were
tested for their ability to control bottom rot in lettuce seedlings in four
experiments conducted in a greenhouse from May to November 2003.
The isolates of Trichoderma IBLF 01, IBLF 02, IBLF 03, IBLF 04,
IBLF 05, IBLF 06, IBLF 07, IBLF 13, IBLF 18, IBLF 23, IBLF 24,
IBLF 25 were tested in the first experiment. In the second experiment,
the isolates IBLF 26, IBLF 28, IBLF 31, IBLF 32, IBLF 33, IBLF 34,
IBLF 35, IBLF 36, IBLF 39, IBLF 43 were used. The isolates IBLF 31,
IBLF 64, IBLF 66, IBLF 68, IBLF 70, IBLF 71, IBLF 72, , IBLF 73,
IBLF 74, IBLF 75, IBLF 77, IBLF 78, IBLF 80 and the isolates IBLF
12, IBLF 15, IBLF 49, IBLF 50, IBLF 55, IBLF 56, IBLF 64, IBLF
65, IBLF 69, IBLF 81, IBLF 82, IBLF 84, IBLF 85 were evaluated in
the third and fourth experiments, respectively. The pathogen and the
isolates of Trichoderma spp. were multiplied on wheat grains prepared
as previously described for the production of baits and were kept at room
temperature in the laboratory for 10 days until complete colonization
of the grains by the antagonists.

Pots were filled with 1.5 dm® of the commercial substrate
Plantmax (Eucatex™), formulated with pine bark, vermiculite and turf.
Before being added to the pots, the substrate was mixed with 30 g of
wheat grains colonized with each isolate of Trichoderma spp.and 15 g
of wheat grains colonized with R. solani AG 1-IB. The sporulation rate
of each Trichoderma spp. isolate was evaluated in a Neubauer chamber
and they contained at least 10° conidia mL™'. Control treatments were
prepared with and without the pathogen. For the positive control, pots
were filled with the substrate mixed only with 15 g of wheat grains
colonized with R. solani AG 1-IB, while for the negative control
pots were filled with the substrate alone. The pots were kept at room
temperature for 8 days and sown with 70 seeds of lettuce cultivar White
Boston. Fifteen days after sowing, 25 seedlings were maintained in each
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pot. After 30 days, lettuce plants were collected and counted, while the
dry mass of total plants in each pot was weighed. Experiments were
carried out in a completely randomized design, with four replicates, each
of which was represented by a pot. Data were statistically analyzed and
means were compared according to Scott-Knott test at 5% probability.

In the second step of the greenhouse assays, 12 isolates of
Trichoderma spp., IBLF 01, IBLF 02, IBLF 04, IBLF 05, IBLF 13,
IBLF 15, IBLF 18, IBLF 24, IBLF 26, IBLF 32, IBLF 50, and IBLF
85, were tested in two sequential experiments between May and July
2004. In these experiments, the isolates of Trichoderma spp. were
multiplied on rice grains cooked for 7 minutes in boiling water and then
autoclaved at 120 °C for 30 minutes. Multiplication of the antagonist
was modified because this method is easier to prepare and rice grains
allow abundant sporulation of Trichoderma isolates. Similarly to the
previous experiments, the substrate was mixed with 30 g of rice grains
colonized with each isolate of Trichoderma spp. and 15 g of wheat
grains colonized with R. solani AG 1-IB. The sporulation rate of each
isolate of Trichoderma spp. was evaluated in a Neubauer chamber
and they contained at least 10° conidia mL"'. Control treatments were
prepared with and without the pathogen. For the positive control, pots
were filled with the substrate mixed only with 15 g of wheat grains
colonized with R. solani AG 1-IB, while for the negative control pots
were filled with the substrate alone. Pots were kept at room temperature
for 8 days and then sown with 70 seeds of lettuce cultivar White Boston.
Fifteen days after sowing, 25 seedlings were maintained in each pot in
the first experiment. Unlike the first assay, all the seedlings were kept
in the pots in the second experiment. Thirty days after sowing, the
lettuce plants were collected and counted, while the dry mass of total
plants in each pot was weighed. The severity of bottom rot was also
evaluated according to a graded scale (1-4): 1 - no disease symptoms;
2 - subtle lesions on the bottom of the plant; 3 - lesions on 1/2 to 2/3
of the bottom of the plant; 4 — lesions on more than 2/3 or reaching the
entire bottom of the plant, and reduction of 50% or more in the plant

Table 1. Pairing isolates of Trichoderma spp. with Rhizoctonia solani AG 1-1B.

size. Both experiments were carried out in a completely randomized
design, with four replicates, each of which was represented by a pot.
Data were statistically analyzed and means were compared according
to Scott-Knott test at 5% probability.

Before being tested in this step, the isolates of Trichoderma were
identified to species level. For their identification, colonies of each
isolate were transferred to Petri dishes containing 2% malt extract
agar medium. The plates were incubated for one or two days at 25 °C
in the dark and then allowed to sporulate at room temperature under
artificial light. For detailed examination of the branching systems of
conidiophores and phialide disposition slides were prepared long before
the colony reached its ultimate coloration. The size and the shape, as
well as the presence or the absence of ornamentation of phialospores,
were determined when the cultures were at least 2 weeks old. Species
were identified based on the keys of Rifai (25), Bisset (4, 5) and
Samuels et al. (26).

RESULTS AND DISCUSSION

According to the pairing tests, the 17 most effective isolates had
rates between 1.0 and 2.0, 18 isolates had rates between 2.1 and 3.0,
and the remaining isolates had rates between 3.1 and 4.0 (Table 1). The
majority of isolates (76%) showed high capability of growing on the
mycelium of R. solani AG 1-IB. This was expected because the method
employed to obtain the isolates, using baits (9), may have favored the
antagonists that were capable of parasitizing the pathogen. Grosch et
al. (11) used sclerotia of R. solani buried in the soil to obtain three
effective Trichoderma isolates antagonistic to this pathogen, while
Patricio et al. (21) used wheat grains and obtained several isolates of
Trichoderma antagonistic to R. solani and Pythium aphanidermatum.

In the present study, thirteen isolates released metabolites that
inhibited more than 80% of the pathogen growth, 11 inhibited 61 to

Rating Intervals
(Classes 1-5)

IBLF' number of isolates of
Trichoderma spp.

Percentage of isolates of
Trichoderma spp.

01,02, 04, 13, 18, 23, 24, 26, 28, 31, 32, 35,
1.0-2.0 36.9
36, 50, 66, 82, 85
05, 06, 07, 15, 25, 33, 34, 39, 43, 49, 55, 56,
2.1-3.0 39.1
64, 65,70, 75, 78, 80
3.1-4.0 03,12, 68, 69, 71, 72, 73, 74, 77, 81, 84 24.0

4.1-5.0 .

Class 1= Trichoderma spp. grows on R. solani and occupies the whole surface of the culture medium; Class 2 = Trichoderma spp. grows on at least 2/3 of the plate; Class 3 = Trichoderma
spp. and R. solani grow on approximately one half of the surface of the culture medium; Class 4 = Trichoderma spp. grows on 1/3 of the surface of the culture medium; Class 5 = Trichoderma

spp. does not grow and R. solani occupies the whole surface of the medium.

! The prefix IBLF refers to the number of the isolate maintained in the collection of fungi from “Laboratério de Fitopatologia do Instituto Biologico”.

Table 2. Inhibition of Rhizoctonia solani AG 1-1B mycelial growth by toxic substances released by colonies of Trichoderma spp. isolates.

Inhibition of R. solani

IBLF' number of isolates of

Percentage of isolates of

mycelial growth (%) Trichoderma spp. Trichoderma spp.
05, 18, 24, 26, 33, 36, 43, 49, 50, 68, 70, 78,
81 —100% 283
80
61 - 80% 03, 04, 06, 07, 34, 35, 55, 56, 65, 73, 74 239
41 - 60% 23,85 43
21 -40% 02,31, 39, 69 8.7
01, 12, 13, 15, 25, 28, 32, 64, 66, 71, 72, 75,
0-20% 349
77, 81, 82, 84

! The prefix IBLF refers to the number of the isolate maintained in the collection of fungi from “Laboratério de Fitopatologia do Instituto Biologico”.
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Table 3. First step of the in vivo experiments for the selection of isolates of 7richoderma spp. antagonistic to Rhizoctonia solani AG 1-1B.

IBLF' number of isolates
Number of of Trichoderma spp.

Experiments tested isolates with a larger number of

seedlings and the control

Percentage of isolates
of Trichoderma spp
with a larger number of

seedlings and the control

IBLF' number of isolates Percentage of isolates of

of Trichoderma spp. with Trichoderma spp. with
greater dry weight of greater dry weight of

seedlings and the control with seedlings and the control

with the pathogen. with the pathogen. the pathogen with the pathogen.
02, 03, 04, 07, 13, 18, 23, 01, 02, 03, 04, 05, 07, 13, 18,
Experiment 1 12 66.7 75.0
24 24
26,28, 31, 32, 33, 34, 35,
Experiment 2 10 100.0 26,31, 32, 33, 35, 36, 39 70.0
36, 39,43
Experiment 3 12 71,72,73,74,75,78 50.0 73,74,75 25.0
Experiment 4 12 - 0.0 12, 15, 50, 85 30.8
Total 46 24 522 23 50.0

! The prefix IBLF refers to the number of the isolate maintained in the collection of fungi from “Laboratério de Fitopatologia do Instituto Bioldgico”.

Table 4. Second step of the in vivo experiments for the selection of isolates of Trichoderma spp. antagonistic to Rhizoctonia solani AG 1-1B.

Treatments Experiment 1 Experiment 2
Number of Dry mass Severity of Number of Dry mass Severity of bottom rot
plants (@ bottom rot (1-4) plants [€9) (1-4)
Species of
Isolates
Trichoderma

IBLF 012 T. harzianum 25.0 a' 2.7b' 23a 52.7a' 52¢' 23b'
IBLF 02 T. cf. Konigii 17.8b 22¢ 2.5a 44.0b 45¢ 22b
IBLF 04 T. virens 248 a 36D 1.5b 543a 5.6¢ 1.7¢
IBLF 05 T. virens 25.0a 3.1b 32a 58.5a 57¢ 23b
IBLF 13 T. cf. Konigii 18.0b 19¢ 1.8b 443 b 48c¢c 2.3b
IBLF 15 T. harzianum 250a 35b 25a 448 b 45¢ 2.6b
IBLF 18 T. virens 235a 30b 2.7a 473 b 55¢ 2.5b
IBLF 24 T. virens 22.0a 320 2.1a 44.5b 50c¢ 29a
IBLF 26 T. virens 213 a 3.0b 2.1a 56.0 a 5.0c¢ 2.4b
IBLF 32 T. cf. Konigii 17.0b 1.7¢ 23a 475b 54c¢ 19¢
IBLF 50 T. virens 23.5a 24¢ 13b 60.0 a 6.0b 19¢
IBLF 85 T. cf. Konigii 18.0b 24¢ 23a 533a 56¢ 22b
Control 25.0a 45a 1.0b 56.2 a 7.0a 1.0d
Rhizoctonia solani® 103 ¢ 12¢ 2.8a 20.2 ¢ 2.6d 32a
Coefficient of variation (%) 21.4 21.4 25.5 17.6 15.7 17.9

'Means followed by the same letter do not differ according to Scott-Knott test at 5% probability.
2 The prefix IBLF refers to the number of the isolate maintained in the collection of fungi from “Laboratério de Fitopatologia do Instituto Biologico”.

80% of R. solani growth (Table 2) and 16 had almost no effect on the
pathogen growth (Table 2). Grosch et al (11) also found differences in
the capacity of Trichoderma strains to produce toxic metabolites that
could inhibit the mycelial growth of R. solani.

In the first step of the in vivo experiments, 24 (52.2%) isolates of
Trichoderma spp. were capable of improving the number of surviving
seedlings, while 23 (50%) isolates had greater dry weight, compared
to the control with the pathogen (Table 3). Considering both variables,
15 isolates (32.6% of the total of isolates) were capable of increasing
the number and the dry weigh of lettuce seedlings (Table 3).

In the second step of the in vivo experiments, considering the first
experiment, treatments with the isolates IBLF 01 and IBLF 15 of T
harzianum and IBLF 04, IBLF 05, IBLF 18, IBLF 24, IBLF 26 and
IBLF 50 of T virens had a larger number of surviving seedlings than the
control with the pathogen. The same isolates, except for IBLF 50, had
greater dry mass than the control with the pathogen. Only treatments
with the isolates IBLF 04, IBLF 13 and IBLF 50 showed less bottom
rot than the control with the pathogen (Table 4).

In the second experiment of the second step, all treatments had a
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larger number of surviving seedlings and greater dry mass, showing
less severity of bottom rot than the control with R. solani. Treatments
with the isolates IBLF 01, IBLF 04, IBLF 05, IBLF 26, IBLF 50 and
IBLF 85 had a larger number of surviving seedlings than the remaining
isolates, and treatments with the isolates IBLF 26 and IBLF 50 had
greater dry mass than the other treatments. Treatments with the isolates
IBLF 04, IBLF 32 and IBLF 50 showed less severity of the disease
than the other treatments (Table 4).

The two isolates of T. virens, IBLF 04 and IBLF 50, which stood
out in the second step of the in vivo experiments for increasing the
number and the dry weight of seedlings besides reducing the severity
of bottom rot in both assays, showed high capacity for parasitism
with rates of 1.6 and 1.8, respectively, in the pairing test (Table 4).
The capacity for mycoparasitism of Trichoderma isolates may play
an important role in the control of R. solani under in vivo conditions.
Several mechanisms can be employed by Trichoderma isolates to
mycoparasitize the pathogenic fungi, involving the recognition of the
host, and the attack, the penetration and the killing of the pathogen
mycelium (31). The cell wall-degrading enzymes, such as cellulases,
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chitinases, glucanases, which are capable of hydrolyzing their cell wall,
are secreted in the presence of exudates of the pathogenic fungus and
may be produced at different amounts by diverse Trichoderma strains
(31), as observed in the present study.

The two T. virens isolates, IBLF 04 and IBLF 50, which stood out
in the second step of the in vivo experiments, released metabolites
that inhibited 80-100% of the pathogen growth. In previous studies
that selected Trichoderma isolates antagonistic to R. solani and
other pathogens, different results were observed. For the selection of
antagonists to R. solani, P. aphanidermatum, Fusarium solani, and
Sclerotium rolfsii, the most effective isolates were not the ones that
produced the greater amounts of toxic substances (21, 24, 28). For the
same pathosystem of the present study, Coley-Smith et al. (8) found that
an isolate of 7. viride, most effective for the control of lettuce bottom
rot, produced only small amounts of a glucanase and a chitinase, while
isolates that produced great amounts of these enzymes showed poor
control of the disease. Grosch et al. (11), however, verified that isolates
that released greater amounts of toxic metabolites and were capable
of parasitizing R. solani sclerotia were effective for the control of R.
solani in potato and lettuce seedlings.

As shown in the present study, antibiotic production has been
suggested to be correlated to the biocontrol activity of various strains
of Trichoderma (31). It is well known that Trichoderma strains
can produce a variety of secondary metabolites showing biological
activity, including antibiotics capable of inhibiting microbial growth.
The production of these substances is strain-dependent and they
can belong to a high variety of classes of volatile and non-volatile
compounds. The latter can be water soluble compounds or peptaibols,
which are linear oligopeptides (31). Several studies have shown that
peptaibols could inhibit the activity of the enzyme B-glucan synthase
in the host fungus and could act synergistically with B-glucanases in
preventing the reconstruction of the fungus cell wall, facilitating thus
the disruptive action of B-glucanases (31). In addition, previous studies
have shown that T viride strains may produce known antibiotics such
as gliotoxin, gliovirin, and viridiol, which have antagonistic activity
against several plant pathogens (31). In the present study, the toxic
metabolic substances produced by the most efficient isolates were not
determined but could be the subject of future studies.

Trichoderma isolates were produced on rice or wheat grains
because these are low-cost substrates and the isolates exhibited rapid
growth and high sporulation rates on them. Furthermore, adding the
antagonist together with a food base may improve soil colonization by
Trichoderma isolates because it favors their growth and sporulation
and reduces fungistasis on the soil (20); these phenomena may also
occur on the substrate.

In studies performed by other authors, smaller amounts of
antagonists were added to the soil to control this disease; however, only
the higher quantities were effective in controlling the disease in the field.
Maplestone et al. (17) obtained the control of bottom rot with 0.5%
weight/weight of one isolate of 7. harzianum, while Coley-Smith et al.
(8) achieved control with 1 kg per m* of T. harzianum in lettuce planted
on beds under plastic tunnels. Recently, Lucon et al. (16) observed an
improvement in the control of R. solani in cucumber seedlings when
1 to 4% of rice grains colonized with Trichoderma were added to a
commercial substrate and the best control was achieved with 2 to 4%
of rice grains colonized with this fungus.

In the first experiment of the second step of the in vivo experiments,
the Trichoderma isolates IBLF 01, IBLF 02, IBLF 05, IBLF 13,
IBLF 15, IBLF 18, IBLF24 and IBLF 26 showed a larger number
and greater dry mass of lettuce seedlings than the R. solani treatment,
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despite showing high incidences of bottom rot. A similar tendency was
observed in the second experiment, in which, except for the treatments
IBLF 04 and IBLF 50, all other treatments had disease severity rating
from 2.2 to 2.9 but showed a larger number of plants and greater dry
weigh than the control with the pathogen (Table 4). This may have
occurred because Trichoderma spp. isolates may have stimulated the
plant growth, a phenomenon that has been observed by other authors
for lettuce in the same pathosystem (8, 17) and has been documented in
several studies for other pathosystems (31). Some Trichoderma strains
can colonize root surfaces and promote changes in the plant metabolism,
while some strains can promote plant growth and increase nutrient
availability (31). This phenomenon may be related to metabolites
released by Trichoderma isolates that enhance the efficiency of nutrient
transportation from the roots, especially nitrogen, which stimulates
plant growth (13, 19, 27). Trichoderma strains were also shown to be
capable of producing organic acids such as gluconic, citric or fumaric
acids that can decrease the soil pH and promote the solubilization of
phosphates, micronutrients and mineral cations like iron, manganese
and magnesium (31).

In the present study, the isolates of 7. virens IBLF 04 and IBLF
50 were capable of reducing the severity of bottom rot and increasing
the number and the dry weight of lettuce seedlings in repeated in vivo
experiments, showing that biological control is a promising alternative
for the control of lettuce bottom rot, as previously shown by other
authors (8, 17). The steps employed in this study for the selection of
Trichoderma isolates are promising, simple and could be employed for
other pathosystems or to select other isolates for lettuce bottom rot.
In this study, baits were used to obtain the isolates, which may favor
Trichoderma isolates that can parasitize the pathogenic fungi, and
were successfully employed in previous studies for the same (11) and
similar pathosystems (21). The study of the toxic metabolic substances
produced by Trichoderma isolates is very interesting and should be
the subject of future studies, as well as the testing of the isolates under
field conditions.

REFERENCES

1. Adesina, M. F.; Grosch, R.; Lembke, A.; Varchev, T. D.; Smalla, K. In vitro
antagonists of Rhizoctonia solani tested on lettuce: rhizosphere competence,
biocontrol efficiency and rhizosphere microbial community response.
FEMS Microbiology Ecology, Amsterdam, v.69, p.62-74, 2009.

2. Agéncia Nacional de Vigilancia Sanitaria. Programa de anélise
de residuos de agrotéxicos em alimentos (PARA) - Relatério
2011-2012. Brasilia, DF, 2013. Available at: http://portal.anvisa.
gov.br/wps/wem/connect/d480£50041ebb7a09db8bd3e2b7e7e4d/
Relat%C3%B3ri0%2BPARA%2B2011-12%2B-%2B30 10 13 1.
pdf?MOD=AJPERES. Accessed on: 06 January 2014.

3. Bell, D. K.; Wells, H. D.; Markham, C. R. In vitro antagonism of Tricho-
derma species against six fungal pathogens. Phytopathology, St. Paul,
v.72, n.4, p.379-382, 1982.

4. Bisset, J. Arevision of the genus Trichoderma. 11. Infrageneric classification.
Canadian Journal of Botany, Ottawa, v.69, n.11, p.2357-2372, 1991.

S. Bisset, J. A revision of the genus Trichoderma. 111. Section Pachybasium.
Canadian Journal of Botany, Ottawa, v.69, n.11, p.2373-2417, 1991.

6. Carisse, O.; Bernier, J.; Benhamou, N. Selection of biological agents from
composts for control of dampping-off of cucumber caused by Pythium
ultimum. Canadian Journal of Plant Pathology, Ontario, v.25, n.3,
p.258-267, 2003.

7. Carvalho, D. D. C.; Mello, S. C. M.; Lobo Janior, M.; Silva, M. C. Controle
de Fusarium oxysporum f.sp. phaseoli in vitro e em sementes, € promogao
do crescimento inicial do feijoeiro comum por Trichoderma harzianum.
Tropical Plant Pathology, Brasilia, DF, v.36, n.1, p.28-34, 2011.

8. Coley-Smith, J. R.; Ridout, C. J.; Mitchel, C. M.; Lynch, J. M. Control of
bottom rot disease of lettuce (Rhizoctonia solani) using preparations of

145



Nl

12.

14.

Trichoderma viride, T. harzianum or tolclofos-methyl. Plant Pathology,
Oxford, v.40, n.3, p.359-366, 1991.

. Ghini, R.; Kimati, H. Método de iscas para obtencio de isolados de

Trichoderma antagonicos a Botrytis cinerea. Jaguaritna:EMBRAPA,
CNPDA, 13p. 1989 (Boletim de Pesquisa, n.3).

. Grosch, R.; Schneider, J.H.M.; Kofoet, A. Characterisation of Rhizoctonia

solani anastomosis groups causing bottom rot in field-grown lettuce in
Germany. European Journal of Plant Pathology, Dordrechet, v.110,
p.53-62, 2004.

. Grosch, R.; Scherwinski, K.; Lottmann, J.; Berg, G. Fungal antagonists

of the plant pathogen Rhizoctonia solani: selection, control efficacy
and influence on the indigenous microbial community. Mycological
Research, Cambridge, v.110, p. 1464-1474, 2006.

Grosch, R.; Schneider, J.H.M.; Kofoet, A.; Feller, C. Impact of continu-
ous cropping of lettuce on the disease dynamics of bottom rot genotypic
of Rhizoctonia solani AG 1-IB. Journal of Phytopathology, Berlin,
v.159, n.1, p.35-44, 2011.

. Harman, G.E.; Bjorkman, T. Potential and existing uses of Trichoderma

and Gliocladium for plant disease control and plant growth enhancement.
In: Harman, G.E.; Kubicek, C.P. (Eds.) Trichoderma and Gliocladium:
Enzimes, biological control and commercial applications, Vol. 2.
London:Taylor & Francis Ltd, 1998, pp.229-265.

IBGE, Censo Agropecuario 2006. Rio de Janeiro. Available at:

(http://www.ibge.gov.br/home/estatistica/economia/agropecuaria/censoagro/

15.

16.

17.

18.

19.

brasil 2006/Brasil censoagro2006.pdf). Accessed on: 06 January 2014.

Kuramae, E. E.; Buzeto, A. L.; Ciampi, M. B.; Souza, N. L. Identification
of Rhizoctonia solani AG 1-IB in lettuce, AG 4 HG-I in tomato and melon,
and AG 4 HG-III in broccoli and spinach, in Brazil. European Journal of
Plant Pathology, Dordrechet, v.109, n.4, p.391-395, 2003.

Lucon, C. M. M.; Koike, C. M.; Ishikawa, A. I.; Patricio, F. R. A.; Harakava.
R. Bioprospecgio de isolados de Trichoderma spp. para o controle de Rhi-
zoctonia solani na produgdo de mudas de pepino. Pesquisa Agropecuaria
Brasileira, Brasilia, DF, v.44, n.3, p.225-232, 2009.

Maplestone, P. A.; Whipps, J. M.; Lynch, J. M. Effect of peat-bran inoculum
of Trichoderma species on biological control of Rhizoctonia solani in let-
tuce. Plant and Soil, The Hage, v.136, n.2, p.257-263, 1991
May, L. L.; Kimati, H. Controle biologico de Phytophtora parasitica em
mudas de citros. Fitopatologia Brasileira, Brasilia, DF, v.24, p.18-24, 1999.

Ousley, M. A.; Lynch, J. M.; Whipps, J. M. Potential of Trichoderma spp. as
consistent plant growth stimulators. Biology and Fertility of Soils, Berlin,
v.7,n.2, p.85-90, 1994.

146

20.

2

—

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

—

32.

Papavizas, G. C. Trichoderma and Gliocladium: biology, ecology and
potential for biocontrol. Annual Review of Phytopathology, Palo Alto,
v.23, p.23-25, 1985.

. Patricio, F. R. A.; Kimati, H.; Barros, B. C. Sele¢do de isolados de Tricho-

derma spp. antagonicos a Pythium aphanidermatum e Rhizoctonia solani.
Summa Phytopathologica, Jaboticabal, v. 27, n.2, p.223-229, 2001.

Pavan, M. A.; Krause-Sakate, R.; Kurosawa, C. Doengas da alface. In:
Kimati, H., Amorim, L., Bergamin Filho, A., Camargo, L.E.A., Rezende,
J.A.M.(Eds.) Manual de fitopatologia:doencas das plantas cultivadas.
Piracicaba: Agronomica Ceres, 2005. v.2, p.27-33.

Raid, R. N. Bottom rot. In: Davis, R. M.; Subbarao, K. V.; Raid, R. N.;
Kurt, E. A. (Eds.), Compendium of lettuce diseases. St. Paul: APS, 1997.
p-15-16.

Reis, A.; Oliveira, S. M. A.; Menezes, M.; Mariano, R. L. R. Potencial de
isolados de Trichoderma spp. para biocontrole da murcha de Fusarium do
feijoeiro. Summa Phytopathologica, Jaboticabal, v.21,n.1, p.16-20, 1995.
Rifai, M. A. A revision of the genus Trichoderma. Mycological Papers.
Kew, v.116, p.1-56, 1969.

Samuels, G. J.; Chaverri, P.; Farr, D. F.; Mccray, E. B. Trichoderma Online,
Systematic Botany & Mycology Laboratory, ARS, USDA, 2006. Available
at: <http://nt.ars-grin.gov/taxadescriptions/keys/Trichodermalndex.cfim>.
Acessed on: 24 May 2013.

Shoresh, M.; Harman, G. E.; Mastouri, F. Induced systemic resistance and
plant responses to fungal biocontrol agents. Annual Review of Phytopa-
thology, Palo Alto, v.43, p.21-43,2010.

Silveira, N. S. S.; Michereft, S.; Menezes, M.; Campos-Takaki, G. M. Po-
tencial de isolados de Trichoderma spp. no controle de Sclerotium rolfsii em
feijoeiro. Summa Phytopathologica, Jaboticabal, v.20,n.1., p.22-25, 1994.

Tronsmo, A. Trichoderma harzianum in biological control of plant diseases.
In: Hall, R. (Ed.) Principles and practices of managing soilborne plant
pathogens. St. Paul: APS,. 1996. p.213-236.

Verma, M.; Barar, S. K.; Tyagi, R. D.; Surampalli, R. Y. Industrial waste-
waters and dewatered sludge: rich nutrient source for production and
formulation of biocontrol agent, Trichoderma viride. World Journal of
Microbiology and Biotechnology, Oxford, v.23,n.12, p.1695-1703, 2007.

. Vinale, F.; Sivasithamparam, K.; Ghisalberti, E. L.; Marra, R.; Woo, S.

L.; Lorito, M. Trichoderma-plant-pathogen interactions. Soil Biology &
Biochemistry, Elmsford, v.40, p.1-10, 2008.

Whipps, J. M. Microbial interactions and biocontrol in the rhizosphere.
Journal of Experimental Botany, Oxford, v.52, suppl.1, p.487-511,
2001.

Summa Phytopathol., Botucatu, v. 40, n. 2, p. 141-146, 2014



