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Trichoderma harzianum 650 (Th650) and Paenebacillus
lentimorbus 629 (P1629) selected earlier for their ability
to control Rhizoctonia solani, Fusarium solani and F.
oxysporum in vitro, were applied alone or combined with
solarization (summer assay) and/or with methyl
bromide (MeBr) (summer and winter assays) to a soil
with a high inoculum level, for the control of tomato
root rot caused by the complex F. oxysporum f. sp.
Iycopersici - Pyrenochaeta lycopersici - Rhizoctonia
solani. Evaluations were also performed independently
for root damage caused by P. lycopersici, and also for R.
solani in the summer assay. MeBr decreased tomato
root damage caused by the complex from 88.7% to
21.2% and from 78.4% to 35.7% in the summer and in
the winter assay, respectively. None of the bio-
controllers could replace MeBr in the winter assay, but
Th650 and P1629 reduced root damage caused by this
complex in the summer assay. Treatments with bio-
controllers were improved by their combination with
solarization in this season. Independent evaluations
showed that the positive control of Th650 towards R.
solani and the lack of effect on P. lycopersici correlates
well with the endochitinase pattern expressed by Th650
in response to these phytopathogens. Root damage
caused by R. solani can be controlled at a similar level
as it does MeBr in summer assays, thus representing an
alternative to the use of this chemical fungicide for the
control of this phytopathogen.

Root and crown rot of tomatoes can be observed after
attack by several phytopathogens, includingFusarium
oxysporum f. sp. Ilycopersici and Rhizoctonia solani. In
addition, corky root is developed after attack by
Pyrenochaeta lycopersici (Campbell and Shishkoff, 1990).
The presence of all these three pathogens is commonly
found in the rhizosphere of tomato plants cultivated under
greenhouse conditions and during the same season, in V
Region - Chile. Under these circumstances, the term attack
by the complex will be used rather than the name of the
disease caused by F. oxysporum f. sp. lycopersici — P.
lycopersici — R. solani.

The natural control of several phytopathogens is based on
the presence of suppressive soils where several biocontrol
microorganisms are detected, such as those belonging to
Trichoderma, Gliocadium, Pseudomonas and Bacillus
genera, among others (Weller et al. 2002; Montealegre et
al. 2003; Guo et al. 2004; Huang et al. 2005). In Chile, the
control of the complex already mentioned is accomplished
through fumigation with MeBr. This chemical contaminates
the environment, affects the ozone layer, destroys the soil
microflora, and must be applied every season because of its
null residual activity and the rapid re-colonisation of soils
by the phytopathogens (Ristaino and Thomas, 1997;
Pinkerton et al. 2002). Considering the difficulty to
generate suppressive soils similar to the natural ones, the
use of selected biocontrol microorganisms could provide an
alternative to the use of chemical fungicides. Trichoderma

spp- has proved to be wuseful in the control of
phytopathogens affecting different crops (Chet and Inbar,
1994; Benitez et al. 2004). On the other hand, solarization
constitutes an additional alternative to control soil-borne
phytopathogens, because it is a process that employs solar
radiation to heat soil producing temperatures that are
detrimental to these type of pathogens (Eshel et al. 2000).
Also, it has been recently used along with 7. harzianum, in
integrated disease management (Levy et al. 2004).

Our group has been working in biocontrol of several
pathogens that infect tomato roots, selecting both bacteria
and fungi with biocontrol activity (Reyes et al. 2000;
Lespinasse et al. 2001; Montealegre et al. 2003). We have
described the biocontrol of R. solani and of F. solani by an
isolate of P. lentimorbus (Montealegre et al. 2003), and the
biocontrol of P. lycopersici (Pérez et al. 2002), and of R.
solani (Santander et al. 2003) by isolates of T. harzianum.
Also, the effect of solarization on F. oxysporum, R. solani
and P. lycopersici has been tested (Montealegre et al. 1996;
Santander et al. 2003).Nevertheless, it is unknown whether
the combination of selected native fungi (7. harzianum) and
bacteria (P. lentimorbus) and the use of solarization are
able to replace MeBr in the control of tomato root
pathogens.

The present work reports the biocontrol activity of T.
harzianum 650 and of P. lentimorbus 629 and solarization
for the control of the complex. Selection of the biocontrol
agents was done based on previous results on R. solani and
F. solani (Escobar et al. 2004) and taking into account that
each Trichoderma isolate behaves differentially when
confronted to the same pathogen (Pérez et al. 2002).

MATERIALS AND METHODS

Microorganisms and culture conditions: Th650
and P1629

The fungus was isolated from tomato monoculture
suppressive soils. It was cultured on potato-dextrose-agar,
PDA (DIFCO), for the obtention of conidia (Lu et al.
2004). These were used as inoculum for liquid cultures of
the fungus for: a) its characterization in terms of the
secretion of biocontrol enzymes; b) for obtention of the
inoculum to be applied to tomato seeds and c) for
formulations. The innoquity of this Trichoderma isolate on
tomato seedlings was tested as follows: a) tomato seeds of
variety 593 were covered with a sodium alginate based
formulation containing Th650 (Montealegre and Larenas,
1997) and placed in speedlings containing a previously
sterilized mixture of perlite: vermiculite = 1:1 (w/w); and b)
tomato seedlings were transplanted to speedlings containing
the mixture already mentioned plus 0.2 g of alginate pellets
(1.1 x 10° cfu) per seedling placed in a single hole. The
corresponding controls were run with seeds without
treatment, and with seedlings placed in speedlings in the
absence of alginate pellets. Seedlings were maintained
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Table 1. Winter assay. Effect of Th650, P1629 and MeBr on damage level caused by P. lycopersici, on % total damage of roots caused
by the complex F. oxysporum f. sp. lycopersici — P. lycopersici - R. solani, and in production of tomato plants.

% of total damage Total 1% quality % of 157 |
Treatments Damage level of rtLots caus;ed by orod . o fquality
. . (1) the complex roduction ruits ruits in
el A e Rhizoctonia total plants
solani, F. (kg/plant) (kg/plant) of the
oxysporum f. sp. assay
lycopersici and P.
lycopersici
Control 3.8a 784 a 1.3b 09a 61.0a
Th650 3.7a 71.7 ab 19a 1.2 ab 65.4 a
P1629™ + Th650 3.2ab 65.5 abc 1.7 ab 1.1ab 65.9 a
PI629 3.2ab 60.4 abc 1.7 ab 1.2 ab 72.7 a
CH3Br™® + Th650 2.7 bc 49.2 bed 21a 1.3b 62.6 a
CH3Br + P1629 2.3bc 45.1 cd 21a 1.5b 72.7 a
CH3Br 22¢c 35.7d 19a 1.2 ab 67.0 a

Different letters within the same column mean significant differences at p < 0.05

(1) Damage 0-5 (Campbell and Shishkoff, 1990).

(2) Percentage of total root damage caused by the complex Rhizoctonia solani, F. oxysporum f. sp. lycopersici and P. lycopersici.

(3) Harvest up to 3" bunch in December 6, 2001.

(4) Trichoderma harzianum was applied to the soil 7 days before transplanting (1 g pellet (4.2 x 10° cfu/g pellet)/L soil). When used
along with P. lentimorbus, it was applied to the soil at the time of transplanting.

(5) Paenebacillus lentimorbus application: 2 ml (5 x 10° cfu/ml)/seedling in the speedling, 10 days before transplanting.

(6) Applied as Metabromide 980 (98 MeBr : 2 chloropicrine) in a dosage of 75.5 g/m? before transplanting (July 15, 2001). Application:

June 28, 2001 — July 3, 2001. Aeration until July 5, 2001.

under glasshouse at 15 - 25°C with daily watering with the
addition of fertilizers. Evaluations were done as described
by Montealegre et al. (2003), further considering %
emergence and rate of emergence for seed treatment;
seedling mortality and dry weight (aerial and root portions)
both for seed and seedling treatments. Parameters were
checked after plants reached a development corresponding
to four — five true leaves.

The bacterium was stored in tubes containing B King
medium at 5°C, or in flasks containing TSB (tryptone soy
broth) plus glycerol at -21°C (Raupach and Kloepper,
1998). It was cultured in B King medium for the obtention
of the inoculum: a) to be used directly on the tomato plants
or b) for formulation. The innoquity of this bacterial isolate
towards tomato seedlings was established as described
(Montealegre et al. 2003).

Characterization of Th650

Conidia from Th650 (1 x 10° ) were used to inoculate 200
mL of liquid Mandels medium using cell walls of R. solani
or F. oxysporum or P. lycopersici as the sole carbon source,
as described (Pérez et al. 2002). Supernatants from these
cultures were used to characterize the isoenzymic pattern of
hydrolytic enzymes involved in biocontrol (endochitinases,
B-1,3-glucanases and proteases), secreted by this fungal
isolate in response to the presence of cell walls of the
different phytopathogens (Pérez et al. 2002). Briefly, native
PAGE at pH 4.4 separated proteins (50 pg per lane) from
supernatants of culture media. Endochitinase activity was
visualised after incubating the polyacrylamide gel with an
auxiliary 2% (w:v) agarose gel containing glycol chitin, and

further incubation with 0.01% (w:v) fluorescent brightener
28. B-1,3-glucanase activity was visualised after incubating
the gel with 1% (w:v) laminarin and developing bands of
activity with 0.15% (w:v) triphenyltetrazolium. Protease
activity was visualised after incubating an haemoglobin
containing gel with Coomassie blue.

Treatments and evaluations: Treatments,
solarization, evaluations of the assays,
determination of the inoculum of phytopathogens
found in soils

Treatments were done under commercial greenhouse
conditions. They were done applying Th650 and P1629
alone or combined with solarization and/or with methyl
bromide in a soil previously selected on the basis of its high
inoculum level content of P. lycopersici, of R. solani and of
the complex F. oxysporum f. sp. lycopersici - P. lycopersici
- R. solani in Quillota, V Region of Chile. Two assays were
done during the seasons 2001 (winter assay) and 2001-2002
(summer assay) using commercial crops of the tomato
variety 593, in four replicas each one containing 10 tomato
plants.The biocontrol assay in winter included the
following treatments: Control (no soil treatment); MeBr
(Methylbromide plus chloropicrine (98:2 in %) using a
dosage of 75.5 g/m?); Th650 (1.0 g pellets containing 7.
harzianum isolate Th650 (4.2 x 10° cfu/g pellet) per litre of
soil placed 5-10 cm depth in the row seven days before
transplanting); P1629 (2 mL of a P. lentimorbus 629
suspension (5 x 10° cfu/mL) per seedling ten days before
transplanting); MeBr + Th650; MeBr + P1629; Th650 +
P1629. All treatments were applied in parallel.
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Figure 1. Native PAGE of extracellular enzymes secreted by
Trichoderma harzianum isolate Th650 cultured in the
presence of cell walls of: i) F. oxysporum f. sp. lycopersici,
ii) Pyrenochaeta lycopersici or iii) Rhizoctonia solani as the
sole carbon source.

(a) Endochitinases. Native PAGE at pH 4.4 separated proteins
(50 pg per lane) from supernatants of culture media.
Endochitinase activity was visualised after incubating the
polyacrylamide gel with an auxiliary 2% (w:v) agarose gel
containing glycol chitin, and further incubation with 0.01% (w:v)
fluorescent brightener 28. Arrows show endochitinase activity.

(b) B-1,3-glucanases. Native PAGE at pH 4.4 separated
proteins (50 ug per lane) from supernatants of culture media. -
1,3-glucanase activity was visualised after incubating the gel
with 1% (w:v) laminarin and developing bands of activity with
0.15% (w:v) triphenyltetrazolium. Arrows show (-1,3-glucanase
activity.

(c) Proteases. Native PAGE at pH 4.4 in haemoglobin
containing gels, separated proteins (50 pg per lane) from
supernatants of culture media. Protease activity was visualised
after incubating the gel with Coomassie blue. Clear zones on the
gel indicate proteolytic activity.

The biocontrol assay in summer included the following
treatments:  Control (no soil treatment); MeBr
(Methylbromide plus chloropicrine (98:2 in %) using a
dosage of 75.5 g/m?); Th650 (1.0 g pellets containing T.

harzianum isolate Th650 per litre of soil placed 5-10 cm
depth in the row seven days before transplanting); P1629 (2
mL of a P. lentimorbus 629 suspension (5 x 10° cfu/mL)
per seedling added 10 days before transplanting);
Solarization; Solarization + Th650; Solarization + P1629.
All treatments were applied in parallel at the same time
period, immediately after finishing solarization of soil.

MeBr was applied on June 28 - July 3, followed by aeration
up to July 5, in the winter assay run on 2001; and on
November 28, followed by aeration up to January 10, in the
summer assay run on 2001-2002. Transplantation of tomato
seedlings from speedlings to soil were done 7 - 10 days
after aeration.

Solarization was performed between November 28, 2001
and January 10, 2002, which corresponds to late Spring —
beginning Summer in Chile. Well prepared soil, moistened
close to field capacity, was covered with a 40 micron
thickness transparent polyethylene film. Temperature up to
10 cm depth was monitored during solarization. Inoculum
was estimated before and after the procedure as described
(Santander et al. 2003).

The evaluation of the assays (depending on the soil used for
them) considered:

a) Root damage (corky root) caused by P. Ilycopersici
(Campbell and Shishkoff, 1990);

b) Crown damage in % caused by R. solani (perimeter
affected);

c) % total damage of roots caused by the complex F.
oxysporum f. sp. lycopersici - R. solani - P. lycopersici;

d) Total yield;
e) First quality fruits.

Results were analysed using ANOVA and Duncan’s tests at
p<0.05. Percent values were transformed into Bliss degree
as described (Rustom et al. 1989) for the statistic analysis.

The determination of the inoculum of phytopathogens
found in soils was done as follows: soil samples were taken
up to 10 cm depth. 1 g of soil was suspended in 99 mL
sterile water or saline solution. After stirring, 0.1 mL of the
supernatant was diluted to 100 mL, and 0.1 mL of the
dilution was plated on selected media according to
Singleton et al. (1992).

Formulations

Th650 was formulated as alginate pellets, as described
(Montealegre and Larenas, 1997), reaching a concentration
of 4.2 x 10° cfu/g pellets in assay 1 (winter) and of 570.000
cfu/g pellets in assay 2 (summer). P1629 was formulated as
described (Raupach and Kloepper, 1998).
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RESULTS AND DISCUSSION
Characterisation of biocontrollers

Th650 grown in the presence of cell walls from the
different phytopathogens of the complex showed: a)
secretion of two chitinases, one p-1,3-glucanase and a wide
band of protease activity in response to cell walls of F.
oxysporum sp. lycopersici, b) secretion of one chitinase,
three [-1,3-glucanases and high protease activity in
response to cell walls of P. lycopersici, and c) two
chitinases, four p-1,3-glucanases and high protease activity
in response to cell walls of R. solani (Figure 1). Therefore,
Th650 has the ability to secrete three different types of
hydrolytic enzymes involved in biocontrol against the three
phytopathogens tested. The differences observed both in
isoenzymic patterns and levels of enzyme activity could
reflect the ability to induce the expression of specific genes
for the degradation of the polysaccharides found in the cell
walls from the different phytopathogens tested, in response
to the presence of their cell walls (Pérez et al. 2002). In
fact, Th650 expressed and secreted two endochitinases
towards R. solani and F. oxysporum one endochitinase
towards P. lycopersici; four B-1,3-glucanase isoenzymes in
response to the presence of cell wallsfrom R. solani, three
in response to P. Iycopersici and only one in to F.
oxysporum (Figure 1).Also, the highest endochitinase and
B-1,3-glucanase activities were observed in supernatants of
Th650 cultures with R. solani cell walls as the sole carbon
source. The secretion of chitinolytic enzymes and B-1,3-
glucanases has been detected in the rhizosphere of soybean
seedlings inoculated with 7. harzianum and planted in a soil
infested with R. solani demonstrating that 7. harzianum
was the source of these enzymes in response to the presence
of R. solani (dal Soglio et al. 1998). These enzyme
activities have been also detected in supernatants from
other T. harzianum isolates in response to R. solani or F.
oxysporum or P. lycopersici cell walls (Pérez et al. 2002),
although isoenzymic patterns differ among isolates. The
secretion of difusible and volatile antibiotics, previously
demonstrated for Th650 (Escobar et al. 2004), along with
the secretion of biocontrol enzymes, indicate that Th650
has the ability to use different biocontrol mechanisms
(Benitez et al. 2004) against the phytopathogens already
mentioned.

On the contrary, the secretion of antibiotics appears to be
the most probable biocontrol mechanism of P1629, similar
to other antagonistic bacteria (Guo et al. 2004), because it is
unable to secrete any of the biocontrol enzymes mentioned
above (Montealegre et al. 2003). As opposed to P1629,
Serratia or Bacillus cereus include the secretion of
chitinases within their biocontrol mechanisms (Ordentlich
et al. 1988; Frankowski et al. 2001; Huang et al. 2005).
From this point of view, the combined use of Th650 plus
P1629 would cover a wide spectrum of antagonistic
mechanisms.

Innoquity test of Th650 on tomato plants

Tomato diseases biocontrol, effect of solarization

No lesions were observed in roots or in crowns of tomato
plants, neither seed germination was affected by the
presence of Th650, suggesting that this Trichoderma isolate
is not pathogenic for tomato seeds or seedlings. A 100%
emergence at day 7 was observed for all seeds, and no
significant differences were observed related to mortality,
dry weight of roots or aerial portion, crown diameter and
seedling height. Based on these results, any negative effect
of Th650 was discarded.

Biocontrol assay in winter

Control of root damage. The ability of Th650 and of
P1629 to decrease root damage caused either by P.
lycopersici or by the complex of pathogens in the winter
assay, is shown in Table 1. Analysis of soils showed that
they contained 1.6 to 2.0 x 10* cfu/g soil of P. lycopersici,
5.3-6.3 x 10* cfu/g soil of F. oxysporum and 1.72-2.27 x
10° cfu/g soil of R. solani, which is considered a high
inoculum. Treatments which included MeBr alone or MeBr
plus either Th650 or P1629 showed significant differences
in reducing % root damage caused by P. lycopersici when
compared to control; although no differences were
observed among these three treatments suggesting that the
effect is mainly due to MeBr. It was expected no root lesion
in treatment with MeBr, but a 2.2 damage index was
observed suggesting that re-colonisation of soil by P.
lycopersici could have been produced. This agrees with
previous studies that showed that re-colonisation occurred
because of the biological void produced as a consequence
of MeBr treatment (Montealegre et al. 1996). As the
decrease in % root damage showed no significant
differences when compared to MeBr alone, it is possible
that none of the bioantagonists could prevent the re-
colonisation by P. lycopersici. These results agree with the
fact that BL629 does not secrete any enzyme system
involved in bio-control, and that Th650 express only one
chitinase with very low activity in response to the presence
of this phytopathogen, which could be insufficient to
control the development of P. Ilycopersici (Figure 1).
Therefore, it appears that chitinases secreted by bio-
controllers are important in preventing P. Ilycopersici
development as well as tomato root damage, which agrees
with the fact that a different 7. harzianum isolate (isolate
11) accomplished an effective control of P. lycopersici, that
correlates with a high production of chitinase activity
expressed as multiple isoforms (Pérez et al. 2002). It is also
important to mention that the % root damage observed in
the presence of Th650 or of P1629 alone or in combination
among them, did not show significant differences from the
control, suggesting that none of the antagonists could
prevent the damage caused by P. lycopersici, as opposite to
the findings of in vitro experiments (Pérez et al. 2002). In
addition, it must be taken into account that according to
optimal temperature development, P. lycopersici is the
main pathogen found during winter season (Jones et al.
1991). In this season its development is higher than the one
observed for F. oxysporum f. sp. lycopersici but similar to
that of R. solani. On the other hand, optimal development
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Table 2. Summer assay. Effect of Th650, P1629, solarization and of MeBr on damage level caused by P. lycopersici, on % total damage
of roots caused by R. solani and by the complex F. oxysporum f. sp. lycopersici — P. lycopersici - R. solani, and in production of tomato

plants.
% of total damage of roots Total 15" quality | % of 15 quality
Treatments Damage level | caused by R. solani or the @ fruits in total
P. lycopersici 1) complex R. solani, F. Production fruits plants of the
oxysporum f. sp. assay
lycopersici and P. (kg/plant) (kg/plant)
lycopersici
R. Complex
solani
Control 39a 63.8 a 88.7 a 1.77 ab 1.20 a 67.7 a
CHasBr @ 11c¢c 16.0 e 21.2d 212a 1.32a 62.6a
The50 © 38a 26.8 80.4 b 1.69 ab 121a 71.0a
bcd
Solarization 3.2b 32.0 bc 66.9 ¢ 2.08 ab 1.45a 69.9 a
Solarization®™ + 33b 21.9 75.8 bc 2.09 ab 140 a 679a
Th650 cde
Pl629" 3.5ab 344b 77.1bc 1.65b 1.08 a 65.9a
Solarization + P1629 3.1b 17.3 de 68.6 C 2.14 a 148 a 68.7 a

Different letters within the same column mean significant differences at p < 0.05

(1) Damage 0-5 (Campbell and Shishkoff, 1990).

(2) Percentage of total root damage caused by the complex Rhizoctonia solani, F. oxysporum f. sp. lycopersici and P. lycopersici

(3) Harvest up to 3 bunch in June 8, 2002.
(4) Applied as Metabromide 980 (98 MeBr :

2 chloropicrine) in a dosage of 75.5 g/m2 before transplanting (January 17, 2002).

Application: November 28, 2001. Aeration until January 10, 2002.
(5)  Trichoderma harzianum was applied to the soil 7 days before transplanting (1 g pellet (4.2 x 10° cfu/g pellet)/L soil)

(6) Solarization (November 28, 2001 — January 10, 2002).

(7)  Paenebacillus lentimorbus application: 2 ml (5 x 10° cfu/ml)/seedling in the speedling, 10 days before transplanting.

of Th650 is at 28°C, and although it may grow at winter
temperatures its development is much slower than the one
observed for P. lycopersici (Escobar et al. 2004). In
consequence, winter low temperatures favours the
development of P. Iycopersici over Th650. A similar
situation could be happening for P1629, whose optimal
growth temperature is of 28°C (Montealegre et al. 2003).
Therefore, the lack of effect of Th650 or of P1 629 could be
attributed in part to the advantage in development of P.
lycopersici over these two antagonists in the winter season,
but also to a lack of ability of the biocontrollers to prevent
P. lycopersici development because they are not expressing
enzymatic effective bio-control mechanisms, whose
presence in other 7Trichoderma isolates results in the control
this tomato root pathogen (Pérez et al. 2002).

The % root damage produced by the presence of the
complex of pathogens was significantly different when
control was compared to treatments that contained MeBr.
The treatment with this latter compound was not improved
by the addition of P1629 or by Th650, suggesting that the
decrease in root damage was due to the presence of MeBr
rather than to the presence of the bacterial or the fungal
antagonist. As in the previous case, the advantage in
development of P. lycopersici and R. solani in the winter
season could explain results in terms of root damage. Based
on the results obtained in this winter assay, we decided to
omit treatments that included the combined use of Th650
and P1629, MeBr and Th650 and MeBr and P1629 in the
summer assay.

Fruit yield and quality. When this assay was evaluated in
terms of yield and fruit quality, significant differences were
observed among treatments that included MeBr, or Th650
and control in terms of total yield per plant in the winter
season (Table 1). In these conditions, Th650 was as good as
MeBr alone, suggesting that although it is not controlling
root damage it is improving yield as compared to control.
This could be due to a yield promoting activity of
Trichoderma species, similar to that described for a growth
promoting activity of these fungi (Baker et al. 1984).
Combination of this fungus and MeBr did not improve
statistically the effect of any of them. Replacement of
Th650 by P1 629 neither improved total yield.

First quality fruits produced after any of the treatments
were not different from controls, with the exception of
MeBr + Th650 or P1629. These results could be explained
as a result of the growth promoting activity of Trichoderma
and Paenebacillus (Benitez et al. 2004; Guo et al. 2004).
Finally, the presence of these bio-controllers is not
affecting the % of first quality fruits.

Biocontrol assay in summer

Control of root damage. When the assay was performed in
the summer season, we could include solarization in
addition to some of the treatments performed in winter.
Percent root damage caused by P. lycopersici or R. solani
or the complex is shown in Table 2.
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Root damage of tomato plants caused by P. lycopersici in
the summer season was similar to that observed in the
winter season assay. Treatment with MeBr resulted in less
root damage being also the most effective treatment,
suggesting that fumigation with MeBr was favoured by the
soil temperature. Solarization also reduced significantly
root damage caused by this pathogen. During solarization,
soil temperature reached a mean of 32°C, with maximum
temperatures at 41.7°C, as compared to controls where a
mean of 28°C was observed with a maximum value of
30.9°C. The differences in the temperatures reached could
explain the benefits of solarization, due to its deleterious
effect on the soil-borne pathogens (Montealegre et al.
1996).

As in the winter season assay, Th650 did not show any
biocontrol activity against P. lycopersici although the soil
temperature during the summer assay was not limiting
fungal development. P1629 alone behaved as Th650 alone,
and combination of both bio-controllers with solarization
did not improve the effect of the latter treatment. Taking
these results altogether, it appears that the lack of
biocontrol of Th650 and of P1629 is not due to a seasonal
effect but to their lack of capacity to express effective
biocontrol mechanisms on P. lycopersici. On the contrary,
both Th650 and P1629 prevented root damage caused by R.
solani when applied alone or after solarization. Expression
of chitinases, B-1,3-glucanases and proteases by Th650 in
terms of number of isoenzymes and level of activity (Figure
1) is clearly better towards R. solani, fact that could account
for the ability of Th650 to control root damage produced by
this pathogen. On the other hand, although P1629 does not
secrete these enzyme systems, it can produce antibiotics
that may be affecting R. solani development, or improving
root development as has been described for other growth-
promoting bacteria (Guo et al. 2004). Solarization alone
significantly decreased root damage produced by R. solani,
and when combined with P1629 showed better results than
the treatment alone. Therefore, it may be suggested that this
bacterium might be controlling the re-colonisation of soil
by R. solani after solarization, as opposite to what occurs
for P. Ilycopersici. The addition of Th650, although
decreased the % of total damage, was not significantly
different from solarization alone. Finally, although
fumigation with MeBr was statistically different from
solarization alone, when Th650 or P1629 were used in
combination with solarization, results were comparable to
those obtained with MeBr, thus constituting good
alternatives to the use of MeBr for the control of R. solani.

The % root damage caused by the complex in the summer
season was significantly reduced by MeBr (Table 2) as was
observed in the winter season (Table 1). The summer assay
also showed that solarization was effective in controlling
root damage produced by the complex, but its effect could
not be compared to the use of MeBr. The weakening and
delayed mortality of F. oxysporum already described
(Assaraf et al. 2002) could be contributing to control the
root damage already mentioned. The use of Th650 or of
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P1629 decreased % total damage, effect that could be
attributed to an effective action of the bio-controllers on R.
solani. Th650 was less efficient than solarization, and
P1629 showed no significant differences with solarization
in reducing % root damage. The combined use of P1629 or
Th650 with solarization did not improve the effect of the
biocontrollers or solarization alone.

Fruit yield and quality. The treatments used for the
summer season assay did not result in significant
differences either in fruit yield or in fruit quality (Table 2).
Moreover, MeBr alone was not better than the other
treatments when total yield or first fruit quality were
evaluated.

Taken together the results of both assays, it may be
concluded that Th650 and P1629 do not express bio-control
mechanisms enough to prevent P. lycopersici development,
but appear to be good alternatives to the use of MeBr for
the control of R. solani. Solarization prevents root damage
due to the presence of P. lycopersici or R. solani or of the
complex; nevertheless, this prevention did not result in
improvement of fruit yield or quality. In addition,
solarization could be improved by the addition of Th650 or
P1629 for the control of R. solani.

REFERENCES

ASSARAF, M.; GRINZBURG, C. and KATAN, I
Weakening and delayed mortality of Fusarium oxysporum
by heat-treatment: flow citometry and growth studies.
Phytopathology, 2002, vol. 92, no. 9, p. 956-963.

BAKER, R.; ELAD, Y. and CHET, I. The controlled
experiment in the scientific method with special emphasis
in biological control. Phytopathology, 1984, vol. 74, p.
1019-1021.

BENITEZ, T.; RINCON, AM.; LIMON, M.C. and
CODON, A.C. Biocontrol mechanisms of Trichoderma
strains. International Microbiology, 2004, vol. 7, no. 4, p.
249-260.

CAMPBELL, R. and SHISHKOFF, N. Survival of
Pyrenochaeta lycopersici and the influence of temperature
in cultivar resistance on the development of corky root of
tomato. Plant Disease, 1990, vol. 74, no. 11, p. 889-894.

CHET, I. and INBAR, J. Biological control of fungal
pathogens. Applied Biochemistry and Biotechnology, 1994,
vol. 48, no. 1, p. 37-43.

dal SOGLIO, F.K.; BERTAGNOLLLI, B.L.; SINCLAIR,
JB.; YU, G.-Y. and EASTBURN, D.M. Production of
chitinolytic enzymes and endoglucanase in soybean
rhizosphere in the presence of Trichoderma harzianum and

Rhizoctonia solani. Biological Control, 1998, vol. 12, no. 2,
p. 111-117.

255



Montealegre, J.R. et al.

ESCOBAR, P.; MONTEALEGRE, J. and HERRERA, R.
Respuesta in vitro de cepas de Trichoderma harzianum
frente a Fe3+, salinidad, pH y temperatura, con el fin de ser
utilizadas en el control bioldgico de Rhizoctonia solani y

Fusarium solani en tomate. Boletin Micologico, 2004, vol.
19, p. 95-102.

ESHEL, D.; GAMLIEL, A.; GRINSTEIN, A.; DIPRIMO,
P. and KATAN, J. Combined soil treatments and sequence
of application in improving the control of soilborne
pathogens. Phytopathology, 2000, vol. 90, no. 7, p. 751-
757.

FRANKOWSKI, J.; LORITO, M.; SCALA, F.; SCHMID,
R.; BERG, G. and BAHL, H. Purification and properties of
two chitinolytic enzymes of Serratia plymuthica HRO-C48.
Archives of Microbiology, 2001, vol. 176, no. 6, p. 421-
426.

GUO, J.-H.; QI, H,-Y.; GUO, Y,-H.; GE, H,-L.; GONG,
L,-Y.; ZHANG, L.-X. and SUN, P.-H. Biocontrol of tomato
wilt by plant growth-promoting rhizobacteria. Biological
Control, 2004, vol. 29, no. 1, p. 66-72.

HUANG, C.J.; WANG, T,K.; CHUNG, S,C. and CHEN,
C.Y. Identification of an antifungal chitinase from a
potential biocontrol agent, Bacillus cereus 28-9. Journal of
Biochemistry and Molecular Biology, 2005, vol.38, no. 1,
p. 82-88.

JONES, J.B.; JONES, J.P.; STALL, R.E. and ZITTER,
T.A. Compendium of tomato diseases. The American
Phytopathological Society. Minnesota, USA, 1991. 73 pp.
ISBN 0890541205.

LESPINASSE, M.; REYES, M.; MONTEALEGRE, J;
BESOAIN, X. and PEREZ, LM. Selection of
bioantagonists according to their ability to secrete cell wall
hydrolysing enzymes of tomato phytopathogens.
Fitopatologia, 2001, vol. 37, no. 1, p. 72.

LEVY, N.O.; ELAD, Y. and KATAN, J. Integration of
Trichoderma and soil solarization for disease management.
In: OILB Meeting of the WGs: Management of plant
diseases and arthropod pests by BCAs and their integration
in agricultural systems. (9™-13"™ June, 2004, Trentino,
Italy). Program and abstracts of the IOBC. ELAD, Y.;
ENKEGAARD, A. and PERTOT, H. eds., 2004. p. 29.

LU, Z.; TOMBOLINI, R.; WOO, S.; ZEILINGER, S.;
LORITO, M. and JANSSON, JK. In vivo study of
Trichoderma-pathogen-plant interactions, using constitutive
and inducible green fluorescent protein reporter systems.
Applied and Environmental Microbiology, 2004, vol. 70,
no. 5, p. 3073-3081.

MONTEALEGRE, J.; FUENTES, P. and HENRiQUEZ, J.
Efecto de la solarizacion y fumigacion en el control de
Pyrenochaeta lycopersici y su relacion con el rendimiento y

calidad en un cultivo de tomates. Fitopatologia, 1996, vol.
31, no. 3, p. 217-229.

MONTEALEGRE, J. and LARENAS, C. Efecto de la
temperatura de almacenaje y del contenido de nutrientes
sobre la viabilidad de pellets de Trichoderma harzianum.
Fitopatologia, 1997, vol. 31, no. 1, p. 66-69.

MONTEALEGRE, J.; REYES, R.; PEREZ LM
HERRERA, R ; SILVA, P. and BESOAIN, X. Selection of
antagonists to be used in biological control of Rhizoctonia
solani in tomato. FElectronic Journal of Biotechnology
[online]. 15 August 2003, vol. 2, no. 2 [cited 8 July 2005].
Available from Internet:
http://www.ejbiotechnology.info/content/vol6/issue2/full/8.

ORDENTLICH, A.; ELAD, Y. and CHET, 1. The role of
chitinase of Serratia marcescens in biocontrol of
Sclerotium rolfsii. Phytopathology, 1988, vol. 78, no. 1, p.
84-88.

PEREZ, L.M.; BESOAIN, X.; REYES, M.; PARDO, G.
and MONTEALEGRE, J. The expression of extracellular
fungal cell wall hydrolytic enzymes by different
Trichoderma harzianum isolates correlates with their ability

to control Pyrenochaeta lycopersici. Biological Research,
2002, vol. 35, no. 3-4, p. 401-410.

PINKERTON, J.N.; IVORS, K.; REESER, P.; BRISTOW,
P.R. and WINDOM, G.E. The use of soil solarization for
the management of soilborne plant pathogens in strawberry
and red raspberry production. Plant Disease, 2002, vol. 86,
no. 6, p. 645-651.

RAUPACH, G. and KLOEPPER, W. Mixtures of plant
growth growth-promoting Rhizobacteria enhance biological
control of multiple cucumber pathogens. Phytopathology,
1998, vol. 88, no. 11, p. 1158-1164.

REYES, M.; LESPINASSE, M. and PEREZ, L.M.
Selection of bioantagonists of tomato pathogens. Biological
Research, 2000, vol. 33, p. R-86.

RISTAINO, J. and THOMAS, W. Agriculture, methyl
bromide and the ozone hole can we fill the gaps? Plant
Disease, 1997, vol. 81, no. 9, p. 964-977.

RUSTOM, A.; LATORRE, B. and LOLAS, M. Método
para la correcta comparacion de la efectividad de nuevos
funguicidas. In: LATORRE, B. ed. Fungicidas y
Nematicidas. Avances y Aplicaciones. Coleccion en
Agricultura. Facultad de Agronomia. P. Universidad
Catolica de Chile, Santiago, Chile. 1989. p. 149-164.

SANTANDER, C.; MONTEALEGRE, J. and HERRERA,
R. Control bioldgico de Rhizoctonia solani en tomate en
suelos sometidos a solarizacion y bromuro de metilo.
Ciencia e Investigacion Agraria, 2003, vol. 30, p. 97-103.

256



SINGLETON, L.; MIHAIL, J. and RUSH, C. Methods for
research on soilborne phytopathogenic fungi. The
American Phytopathological Society, St. Paul, Minnesota,
USA, 1992. 266 p. ISBN 0890541272.

WELLER, D.; RAAIJMAKERS, J; MCSPADDEN
GARDENER, B.B. and THOMASHOW, L.S. Microbial
population responsible for specific soil suppressivenes to
plant pathogens. Annual Review of Phytopathology, 2002,
vol. 40, p. 309-348.

Tomato diseases biocontrol, effect of solarization

257



