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Wild (Th11, Th12 and Th650) and mutant (Th11A80.1, 
Th12A40.1, Th12C40.1 and Th650-NG7) Trichoderma 
harzianum strains were stored for 180 days at 5ºC or at 
22ºC, in two types of soils. Strains recovered at 90, 120 
and 180 days from the two types of soils, retained their 
full capacity to biocontrol Rhizoctonia solani 618, that 
produces crown and root rot of tomatoes. Recovery, 
estimated as colony forming units (cfu) of the wild and 
mutant strains, showed that all increased their cfu after 
storage independently of the type of soil and 
temperature, although kinetic behavior differed among 
strains. Ratios of recovery after storage in type B soil/ 
type A soil or at 22ºC/5ºC, higher or lower than one 
respectively, allowed to establish that Th11 and Th12 
were the most appropriate strains for the biocontrol of  

*Corresponding author 

R. solani in conditions where growth of the 
phytopathogen is optimal.  

Fungi belonging to the genus Trichoderma are important 
phytopathogen bioantagonists, acting especially against soil 
borne microorganisms such as Rhizoctonia solani that 
causes seedling wilt in several crops (Apablaza, 2000; 
Agrios, 2001; Latorre, 2004). Trichoderma can indirectly 
biocontrol phytopathogens by competing for space and 
nutrients, through the secretion of antibiotic volatiles and/or 
diffusible metabolites, which modify soil conditions 
promoting growth and plant defense mechanisms. On the 
other hand, mycoparasitism is considered a direct 
biocontrol mechanism (Howell, 2003; Benítez et al. 2004). 
Several native isolated Trichoderma strains have proved to  
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be effective biocontrol agents against different 
phytopathogenic fungi (Benítez et al. 2004), and in 
addition, they could have a stimulatory effect on plant 
growth (Naseby et al. 2000). The obtainment of mutant 
strains has allowed improving biocontrol effectiveness, 

because of their higher secretion of enzymes involved in 
pathogen’s cell wall degradation, such as chitinases and 
glucanases (Besoaín et al. 2007; Pérez et al. 2007). Both 
native and mutant strains of T. harzianum have proved to 
be effective in vivo biocontrol agents of R. solani that 

 
Figure 1. Time course recovery of wild and mutant Trichoderma harzianum strains after storage in type A soil (a, c, e), and in 
type B soil (b, d, f) at two temperatures. Different letters within the same strain and condition mean significant differences after 
analysis of results by Tukey’s test at p ≤ 0.5. 
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causes crown and root rot in tomatoes (Pérez et al. 2007). 
The effectiveness of biocontrol agents depends on several 
parameters, that includes soil texture, water content, pH and 
crop history (Hagn et al. 2003; Berg et al. 2005); therefore 
their application should consider the environmental stress 
that could affect not only their survival in the soil, but also 
their ability to maintain their biocontrol capacity. The effect 
of low temperatures (Antal et al. 2000), water activity and 
pH (Kredics et al. 2000; Kredics et al. 2004; Begoude et al. 
2007), or the presence of heavy metals, or pesticides or 
antagonistic bacteria (Kay and Stewart, 1994; Naár and 
Kecskés, 1998; Kredics et al. 2001) have been tested as 
stress factors that may affect wild or mutant biocontrol 
Trichoderma strains. Nevertheless, most of these studies 
have been run in in vitro conditions of the biocontrol agent.  

Our group has obtained different mutants from the wild 
Trichoderma strains Th11, Th12 and Th650, which have 
been characterized related to their ability to secrete fungal 
cell wall degrading enzymes as well as their ability to 
control in vitro R. solani and other tomato pathogens 
(Besoaín et al. 2007; Pérez et al. 2007). Some of them have 
been also tested under greenhouse condition (Montealegre 
et al. 2009), but it is unknown whether these mutants could 
survive in different conditions. The present work describes 
the survival of wild and mutant strains of T. harzianum at 
two different temperatures and in two different types of 
soils, and if these conditions modify their biocontrol 
activity in vitro, on R. solani infecting tomato. 

MATERIALS AND METHODS 

Microorganisms 

R. solani strain 618 (AG 4), and four T. harzianum mutants 
(Th650-NG7; Th11A80.1; Th11C40.1 and Th12A.10.1) 
and their corresponding parental strains (Th650, Th11 and 

Th12) were used (Montealegre et al. 2003; Besoaín et al. 
2007; Pérez et al. 2007). 

Soils 

Soils were obtained from: A) Antumapu Campus 
(Universidad de Chile, Santiago, Metropolitan Region), and 
B) Experimental Station La Palma (P. Universidad Católica 
de Valparaiso, V Region), Chile. The physical and 
chemical analysis, performed by the Institute of 
Agricultural Research - Chile (INIA) of both types of soils 
showed: 

For type A soil (Antumapu): 12.8% sand, 46.4% slime and 
48.8% clay; pH = 7.8, conductivity (mS/cm2) = 1.6, organic 
material = 2.8%, available N (mg/Kg) = 63, available P 
(mg/Kg) = 30 and available K (mg/Kg) = 192.  

For type B soil (La Palma): 60.7% sand, 21.1% slime and 
16.2% clay; pH = 6.9, conductivity (mS/cm2) = 5.3, organic 
material = 2.3%, available N (mg/Kg) = 95, available P 
(mg/Kg) = 126 and available K (mg/Kg) = 408.  

The two types of soils were used to run storage tests after 
steam sterilization (2.5 mL distilled water was added to 
give enough humidity equivalent to field capacity of water 
absorption) for 20 min at 121ºC.  

Storage of Trichoderma in two types of soils at 
two temperatures 

Trichoderma strains, previously formulated as alginate 
pellets (Montealegre and Larenas, 1997) and including the 
addition of 200 ppm of the antibiotic Strepto Plus (ENCO) 
to prevent bacterial contamination, were analyzed for their 
fungal concentration per g of pellets. The number of colony 
forming units (cfu)/g pellets for each Trichoderma strain, 
determined as in Madigan et al. (2003) using Petri dishes 

Table 1. Colony forming units (cfu)/g pellets of each T. harzianum strain. 

 

Type of strains Strain cfu / g pellets cfu inoculated/vial1 

Th 12A 10,1 564,188 5,078 

Th 11A 80,1 788,875 7,100 

Th 11C 40,1 1,038,813 9,349 
Mutant strains 

Th650-NG7 511,156 4,600 

Th 12 375,000 3,375 

Th 11 115,969 1,044 Wild strains 

Th 650 494,938  4,454 

1/ Calculated for the 9 mg pellets used for inoculation
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containing potato dextrose agar (PDA, Difco) and 
incubation for 72 hrs at 22ºC, is shown in Table 1. Pellets, 
containing an amount of cfu of the different strains, 
established as innocuous to tomato plants (Montealegre et 
al. 2009), were grinded and 9 mg per vial were mixed with 

5 mL of sterile humid soil type A (Antumapu) or type B 
(La Palma). Vials were placed on trays in a random 
distribution and maintained at 22ºC or at 5ºC during 180 
days. Only in the case of the experiment maintained at 
22ºC, 1 mL of sterile distilled water was added at 90 days. 
One g samples were taken from vials (quadruplicates) after 
90, 120 and 180 days storage, and Trichoderma strains 
were re-isolated from 1 x 10-3 - 1 x 10-5 dilutions, using a 
selective medium for T. harzianum (Williams et al. 2003). 
Four replicates were considered for each time period, for 
each Trichoderma strain, for each soil and for each 
temperature tested. Experiment was repeated two times. 

Results correspond to the mean of samples taken at each 
period of storage under each condition, analyzed by the 
Tukey’s test at p ≤ 0.05, including data from the two 
experiments run, and are reported in a semilog plot as log 
cfu g-1 soil vs period of storage.  

Also, results (as cfu g-1 soil) were used to calculate the 
following ratios of recovery of the T. harzianum strains: a) 
between the two types of soils (cfu g-1 soil type B / cfu g-1 
soil type A), and b) between the two temperatures used for 
storage (cfu g-1 at 22ºC / cfu g-1 soil at 5ºC). 

Biocontrol activity of T. harzianum strains after 
storage in two types of soils at two different 
temperatures 

Strains recovered from soils after 90, 120 and 180 days 
storage at 22ºC or at 5ºC in the two types of soils (A: 
Antumapu and B: La Palma) were used to test the “in vitro” 
direct antagonism against R. solani strain 618 as in Arias et 
al. (2006). Briefly, Petri dishes containing PDA at pH 6.5 
were seeded with 5 mm disks containing mycelia from the 
phytopathogen and from each biocontrol agent at 4 cm 
distance between them, and equidistant from the center of 
the dish. Dishes were incubated at 22ºC. Controls were run 
using disks solely of the phytopathogen or of the biocontrol 
agent. Inhibition of radial growth (IRG) was estimated once 
control dishes containing the phytopathogen, were 
completely covered by the fungal mycelia, using the 
formula developed by Dennis and Webster (1971). Two 
different experiments were run, considering seven 
treatments with five replicas each one. The experimental 
unit was one Petri dish. Results, obtained as percentage, 
were modified through the Bliss angular transformation, 
and a variance analysis was performed. When significant 
differences were detected, the Tukey’s test was used at p ≤ 
0.05. 

RESULTS 

The comparison between the initial inoculum and the 
recovery of the wild Trichoderma strains Th11, Th12 and 
Th650 and their derived mutants Th11A80.1, Th11C40.1, 
Th12A10.1 and Th650-NG7, showed an increase in the 
number of cfu after storage for most of the strains (Table 
2). In general, the increases in cfu were observed both in 

 
 

Figure 2. Ratio of recovery of T. harzianum strains from 
type B/type A soil after storage at 22ºC and 5ºC.  
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type A and type B soils, at different time periods and at 
different temperatures of storage, conditions that did not 
changed the ability of any of the strains to inhibit the 
development of R. solani (Table 3). However, several 
differences in specific recovery patterns were observed. 

Th11, Th11A80.1 and Th11C40.1 

Th11, Th11A80.1 and Th11C40.1 showed a continuous 
increase in cfu during all the time period of storage at 22ºC 
and at 5ºC both in soils type A and B (Figure 1a; Figure 
1b). These showed specific kinetics of growth where Th11 
reached 216.5 the initial inoculum, 6.7 and 3.8 fold higher 
than the obtained for Th11A80.1 and ThC40.1 in soil type 
A, respectively (Table 2a). A similar behavior was 
observed in type B soil, where higher differences were 
obtained (Table 2b). 

The ratio of recovery calculated as cfu g-1 from soil type B/ 
cfu g-1 from soil type A at 22ºC (Figure 2a) was higher than 
one for Th11 and Th11C40.1 at all the periods of storage, 

while Th11A80.1 showed ratios lower than one at 120 and 
180 days of storage. Ratios higher than one represent the 
ability of Th11 and Th11C40.1 to develop better in type B 
than in type A soil at the same temperature. On the other 
hand, Th11A80.1 that showed a ratio lower than one 
develops better in type A than in type B at 22ºC. When 
temperature was of 5ºC, ratios lower than one were 
obtained along all the time period of storage only for Th11. 
Ratios of recovery of Th11A801.1 and of Th11C40.1 
trended to one after 120 days storage, suggesting that both 
Th11 mutants develop similarly in both types of soils at 
5ºC. 

The ratio of recovery between 22ºC and 5º was also 
calculated, in order to provide more information on the 
effect of temperature in the growth of each strain. Th11, 
Th11A80.1 and Th11C40.1 showed ratios of recovery 
22ºC/5ºC lower than one in type A soil (Figure 3a), 
suggesting that their development is better in this type of 
soil at 5ºC. This same type of behavior was observed only 
for Th11A80.1 in type B soil, because Th11 and 

Table 2. Times growth1 of Trichoderma harzianum strains in type A (a) and type B (b) soil at 22ºC and 5ºC. 

 
Mutant strains Wild strains 

(a) Days 
Th 12A 10.1 Th 11A 80.1 Th 11C 40.1 Th650-NG7 Th 12 Th 11 Th 650 

90 9.8 9.3 9.4 8.3 8.7 9.3 8.4 

120 41.8 36.9 32.4 46.8 43.0 77.6 57.3 22ºC 

180 2.8 32.1 56.5 50.4 97.8 216.5 72.7 

90 10.0 10.0 10.0 9.7 10.4 10.0 10.1 

120 96.3 97.1 91.1 84.2 95.1 91.0 90.8 5ºC 

180 101.2 71.0 95.0 143.5 158.2 896.6 130.7 

Mutant strains Wild strains 
(b)  Days 

Th 12A 10.1 Th 11A 80.1 Th 11C 40.1 Th650-NG7 Th 12 Th 11 Th 650 

90 10.3 12.3 24.6 24.4 161.5 368.8 17.5 

120 25.5 13.5 37.4 40.7 281.5 724.1 37.0 22ºC 

180 21.3 14.1 123.9 63.5 515.0 1266.3 47.1 

90 12.8 15.5 44.9 33.7 38.5 397.5 18.2 

120 61.0 38.0 86.6 80.4 115.6 584.3 106.6 5ºC 

180 101.2 70.1 93.7 154.8 169.5 1069.0 124.8 

1/ Times growth represents [cfu/g soil recovered at each period of storage/ cfu inoculated into vials]. 
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Th11C40.1 showed no dependence on temperature in this 
soil, as reflected in ratios closed to one. 

Th12 and Th12A10.1 

The wild Trichoderma strain Th12, stored in type A or type 
B soil, at 22ºC or at 5ºC, showed an increase in recovery at 

all time periods tested (Figure 1c; Figure 1d). These 
showed specific kinetics of growth where Th12 and 
Th12A10.1 reached 43.0 and 41.8 fold the original 
inoculum at 120 days storage in type A soil, but where 
Th12 reached 34.9 fold the cfu g-1 soil of the mutant at day 
180 (Table 2A). Th12 also showed better development than 
the mutant in type B soil, reaching 24.2 fold the cfu g-1 soil 
of the mutant at day 180 (Table 2B). 

Recovery of Th12 from type B soil was higher than from 
type A soil, as reflected in ratios values higher than one in 
all the period of storage at 22ºC (Figure 2b). However, 
recovery at 5ºC showed ratios that trended to one after 120 
days storage, suggesting that development at this low 
temperature was independent of the type of soil, as was 
observed for Th11 (Figure 2a). Comparison of development 
at 22ºC/5ºC showed that ratios were lower than one for type 
A soil, but were higher than one in type B soil (Figure 3b).  

On the other hand, the mutant Th12A10.1 showed a 
maximal recovery after storage at 22ºC in soil type A and B 
at 120 days, with a significant decrease at day 180 (Figure 
1c; Figure 1d), while storage at 5ºC resulted in an increase 
of cfu g-1 soil with no significant differences in recovery 
after day 120 (Figure 1c; Figure 1d). Recovery of 
Th12A10.1 from soil type B was higher than from soil type 
A at days 90 and 180 at 22ºC, reflected in ratios higher than 
one (Figure 2b), while ratios of recovery at 5ºC trended to 
one after 120 days storage. Th12A10.1 recovery at 5ºC in 
any type of soil was higher than that at 22ºC (Figure 3b). 

Th650 and Th650-NG7 

These wild and mutant strains showed similar growth 
patterns in both types of soils and at 22ºC and 5ºC (Figure 
1e; Figure 1f). Kinetics of growth showed that they reached 
similar cfu g-1 soil were the wild strain population was 1.4 
and 0.7 fold higher than the mutant in soil type A and soil 
type B, respectively (Table 2a; Table 2b).  

Recovery of Th650 changed from soil type B at day 90, to 
soil type A at days 120 and 180 at 22ºC (Figure 2c), 
showing this change a delay to day 180 when storage was 
done at 5ºC. These results suggest that Th650 could adapt 
its growth to a soil with a pH (7.2) higher than that of its 
isolation soil (pH 7.0). Th650 and Th650-NG7 recovery 
was better when stored at 5ºC than at 22ºC, independently 
of the type of soil (Figure 3c).  

DISCUSSION 

The kinetic pattern of recovery of almost all the T. 
harzianum strains tested in this work at concentrations 
(Table 1) that were established to be innocuous to tomato 
plants (Montealegre et al. 2009), is similar when compared 
among them, with the exception of Th12A10.1 (Figure 1). 
This mutant, that showed a significant decrease in cfu 
recovered at day 180 when stored at 22ºC was obtained 
after UV-A treatment of Th12 and showed no growth 

 
Figure 3. Ratio of recovery at 22ºC/5ºC of T. harzianum
strains after storage in two types of soils. 
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differences with the parental strain at 15º in PDA plates 
(Besoaín et al. 2007). However, that same development was 
not reproduced when it was inoculated in the soil, 
suggesting that the mutant could have lost the parental 
ability to continue developing in the soil for time periods 
longer than 120 days. This fact allows to suggest its use in 
short time treatments and to discard its use in single dose at 
least for long time treatments. Nevertheless, a frequent 
replenishing of the biocontrol agent could be considered in 
this last situation.  

The high recovery of all Trichoderma strains tested in this 
work, differ from that reported for T. harzianum strains 
collected in Egypt and inoculated in clay -loamy soil as 
conidia-containing alginate pellets (Shaban and El-Komy, 
2000). Their kinetics of recovery showed that the 
populations remained constant and almost identical to the 
inoculum up to 30 days incubation at room temperature, 
decreasing to 0.1% of the initial inoculum at day 90. 
Differences with our results could be explained on the 
different Trichoderma strains and type of soils used for 

Table 3. Percent1 inhibition of R. solani radial growth by T. harzianum mutant and wild strains recovered from soils type A and 
B stored at 5ºC (a) and at 22ºC (a). 

 
Mutant Strains Wild Strains 

(a) Days 
Th 12A 10.1 Th 11A 80.1 Th 11C 40.1 Th650-NG 7 Th 12 Th 11 Th 650 

02 52.55 a 53.89 a 54.75 a 50.32 a 52.96 a 48.55 a 54.92 a 

90 52.49 a 54.42 a 54.81 a 49.51 a 53.51 a 47.58 a 55.25 a 

120 52.74 a 54.56 a 55.07 a 50.95 a 53.57 a 48.03 a 55.37 a 

180 53.15 a 54.09 a 54.86 a 51.00 a 52.56 a 49.09 a 54.75 a 

02 50.21 a 52.32 a 51.45 a 47.87 a 50.98 a 48.51 a 54.80 a 

90 50.41 a 52.46 a 50.95 a 49.47 a 52.68 a 47.71 a 55.30 a 

120 49.54 a 52.38 a 50.95 a 50.92 a 51.83 a 48.27 a 54.50 a 

Type 
B 

soil    
Type 
A soil 

180 49.82 a 50.80 a 51.86 a 48.78 a 53.93 a 49.09 a 56.79 a 

 
Mutant Strains Wild Strains 

(b) Days 
Th 12A 10.1 Th 11A 80.1 Th 11C 40.1 Th650-NG 7 Th 12 Th 11 Th 650 

02 50.21 a 50.22 a 52.35 a 51.14 a 51.42 a 52.20 a 51.88 a 

90 49.96 a 50.34 a 50.64 a 50.74 a 50.94 a 51.81 a 52.94 a 

120 49.53 a 50.24 a 54.49 a 50.78 a 51.94 a 51.45 a 51.94 a 

Type 
A 
soil 

180 52.69 a 49.77 a 53.88 a 50.32 a 50.34 a 50.73 a 53.72 a 

02 52.80 a 55.98 a 58.64 a 53.42 a 56.65 a 54.38 a 59.74 a 

90 53.81 a 56.28 a 59.87 a 54.38 a 58.15 a 52.95 a 60.20 a 

120 54.03 a 56.55 a 57.12 a 54.19 a 57.29 a 51.85 a 58.56 a 

Type 
B 

soil 

180 54.06 a 56.57 a 57.47 a 54.44 a 55.97 a 55.44 a 56.73 a 
1/Data in percent were obtained using the Dennis and Webster (1971) formula and the angular Bliss transformation. Identical letters in 
columns mean that there are no significant differences after statistical analysis using ANDEVA. 
2/Controls of % inhibition of R. solani radial growth by mutant and wild T. harzianum strains were run after inoculation of vials and before 
storage. 
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experiments, because formulations did not differ 
significantly. 

The differences in recovery between Th11, Th12 and their 
derived-mutant strains (Figure 1a; Figure1b; Figure1c; 
Figure 1d and Table 2) may reflect changes produced in 
genomes by UV-A or UV-C which resulted in diverse 
ability to colonize soils by the mutants (Liu et al. 2008). 
The study of the development of wild Trichoderma strains 
in soils with different organic content has shown that the 
different concentrations did not have any effect on 
Trichoderma development (Hagn et al. 2003), thus 
supporting the fact that nutritional compounds other than 
organic and/or mutations would be affecting the recovery of 
the strains tested in this work. On the other hand, higher 
recoveries of Th11 and Th12 could be associated to 
adaptations to specific nutritional compounds found in 
these soils, that could have led to the development of more 
diverse genetically changes in T. harzianum than those that 
can be observed solely from phenotypic characters 
(Druzhinina et al. 2006). In addition, the maintenance of the 
humidity of soils has proved to be important for the 
increase in cfu of the biocontrol agent (Orr and Knudsen, 
2004), as in our experiments.  

The cfu g-1 soil recovered of each Trichoderma at day 180 
compared to the initial inoculum (Table 2) differed among 
strains stored at 22ºC or at 5ºC, in type A or type B soil, 
although in most cases the wild T. harzianum strains 
increased their population several times more than their 
corresponding mutants. The wild Trichoderma strain Th11, 
which has shown a good biocontrol activity on 
Pyrenochaeta lycopersici (Pérez et al. 2002), a pathogen 
where temperature influences the development of corky 
root in tomato plants (Shishkoff and Campbell, 1990), 
showed the highest recovery in this low temperature of 
storage, reaching 896.6 and 1,069 fold its initial inoculum 
in soil A and B, respectively (Table 2). In general, the 
recovery of strains stored at 5ºC was significantly higher 
than the recovery of strains stored at 22ºC, suggesting that 
in this last condition it was not due to lack of nutrients in 
the soil or to competition for space because of a high 
population of microorganisms, but due to an effect of heat 
affecting the growth rate and/or the survival in the soil at 
this temperature. These results agree with those obtained by 
Küçük and Kivanç (2005) where the recovery of different 
Trichoderma strains correlated well with temperature, thus 
accounting for a higher recovery at lower temperatures. In 
addition, these authors were able to recover fungal colonies 
after 24 weeks storage at 4ºC. The effect of high 
temperatures on Trichoderma storage was also tested by 
Küçük and Kivanç (2005), but they were unable to recover 
colonies after six weeks storage at 30ºC. On the opposite, 
experiments run with alginate encapsulated mycelia showed 
that radial T. harzianum (ThzID1) development was better 
when inoculated in slit loamy soil and incubated during 14 
days at 24ºC than at 15ºC (Knudsen and Bin, 1990). Their 
differences with our results could be explained on the 
different Trichoderma strains and type of soils used for 

experiments, because formulations did not differ 
significantly. On the other hand, tests run with the TH-203 
strain of T. harzianum inoculated in a sandy soil (consisting 
of 88-9% sand, 5-6% silt, 4-9% clay and 0-6% organic 
matter, pH 5.95, with a moisture holding capacity of 10-
2%), showed the ability to develop 14.3 fold after 21 days 
incubation at 26-30ºC (Strashnow et al. 1985), supporting 
again that results depend both in the strain and in the type 
of soil. 

In addition, the increases in cfu g-1 soil observed at 5ºC 
higher than at 22ºC (Table 2), suggest that formulations 
containing the strains tested in this work retain full viability 
at low temperatures, being this a good alternative for 
storage as has been already reported (Küçük and Kivanç, 
2005). In addition, the temperature and soil-dependent 
growth increases in cfu g-1 could be also valuable to discuss 
the use of these biocontrol agents in a future, considering 
temperature changes due to global warming (Ghini et al. 
2008). 

The ratio of cfu g-1 soil type B/ cfu g-1 soil type A higher 
than one obtained for Th11 and Th12 at 22ºC and 5ºC 
(Figure 2) indicate that these strains develop better in type 
B soil, site from where they were initially isolated to test 
their biocontrol effect on P. lycopersici (Pérez et al. 2002). 
In addition, a ratio higher than one obtained for the 
recovery of Th11 and Th12 at 22ºC/5ºC (Figure 3) indicate 
that these strains develop better at 22ºC, also the optimal 
temperature for R. solani development (Arias et al. 2006). 
Therefore, based on these ratios and on the fact that Th11 
and Th12 retained their full ability to control R. solani 
development (Table 3), it may be suggested their use for 
the control of this phytopathogen in field conditions. 
Th11C40.1 obtained after UV-C irradiation of Th11 
(Besoaín et al. 2007) retained in part the characteristics of 
Th11 because it showed ratios higher than one when 
comparing development in soil B/soil A (Figure 2a), but 
lower than one when comparing recovery at 22ºC/5ºC 
(Figure 3a), while Th11A80.1 did not show growth 
characteristics similar to its parental strain in these 
conditions (Figure 2a; Figure 3a). Nevertheless, and 
although mutation could have altered the ability of these 
mutants to develop as Th11, UV irradiation did not modify 
their inhibitory effect on R. solani growth (Table 3). On the 
other hand, Th12A10.1 increased at later time periods of 
storage its ability to develop in type B soil at 22ºC (Figure 
2b), as reflected by a ratio higher than one, but 5ºC resulted 
to be a better temperature for its development, as reflected 
by ratios lower than one when comparing recovery at 
22ºC/5ºC in both types of soils (Figure 3b), suggesting that 
UV-A mutation could have altered its development.  

Development of Th650 and Th650-NG7 showed ratios of 
recovery soil type B/soil type A higher than one only at 90 
days storage at 22ºC or at 5ºC (Figure 2c) because ratios 
were closer to one at longer time periods. Also, ratios of 
recovery at 22ºC/5ºC were lower than one for these strains 
in both types of soils (Figure 3c), suggesting that the 
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chemical treatment used for the obtainment of Th650-NG7 
(Pérez et al. 2007) did not modify, at least from these 
aspects, the characteristics of the parental strain. Moreover, 
the mutant and parental strain retained their inhibitory 
effect on R. solani development (Table 3). 

Ratios of recovery lower than one at 22ºC/5ºC of both wild 
and mutant strains in the types of soils tested (Figure 3), 
along with a high recovery (Table 2) suggest that these 
could be used for the biocontrol of phytopathogens that 
attack tomato plants in the winter season, as has been 
described for Th11 and Th12 on P. lycopersici (Pérez et al. 
2002). 

The different mutant Trichoderma strains recovered at 
different time periods of storage in two types of soils at 
22ºC or 5ºC, maintained their biocontrol capacity on R. 
solani 618 (Table 3), as reported for the parental strains 
(Arias et al. 2006; Montealegre et al. 2007). These results 
suggest that soil physical and chemical differences as well 
as low and high temperatures do not change the biocontrol 
capacity of the Trichoderma strains tested, and therefore 
they may be used within a wide range of temperatures and 
in types of soils similar to those tested in this work. The 
efficiency of Trichoderma strains has been tested on other 
phytopathogens (Haggag and Amin, 2001), where 
combinations of different strains in field conditions with 
analysis of the decrease in the cfu g-1 soil of Fusarium 
solani has been recorded, without including the biocontrol 
effect of recovered Trichoderma strains on the fungus.  

It may be concluded that the permanence in the soil and the 
maintenance of the biocontrol activity by all wild and the 
mutant T. harzianum strains tested in this work after storage 
at different temperatures and in different types of soils up to 
three months, not only contributes to the understanding of 
the behavior of these fungi in conditions similar to those 
occurring in nature but also provides the basis for a 
practical use of them at the field level.  
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