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ABSTRACT 

Fusarium wilt caused by Fusarium oxysporum f. sp. cucumerinum is one of the most important greenhouse 

cucumber diseases. The chemical methods are not possible easily for controlling this disease, and the most suitable of the 

control method is introduced as biological control using antagonistic agents. Since, the study of antagonistic mechanisms is 

an important subject in biological control, therefore in this study for isolating pathogenic and antagonistic agents, plant and 

soil sampling was carried out in the Varamin infected greenhouses. Then, based on the inhibitory percent of the pathogenic 

agent growth, caused by the antagonistic mechanisms of the different isolates related to the antagonistic fungi, Talaromyces 

flavus and Trichoderma harzianum, three effective isolates of each one in terms of the most inhibitory effect were selected 

and the efficacy of the every isolate in biological control was investigated, using three application method (seed coating, 

addition to soil, both seed coating and addition to soil). In the next step, based on the results of the greenhouse experiment, 

the four effective treatments containing T. flavus and T. harzianum isolates, in terms of the efficacy in decreasing cucumber 

Fusarium wilt disease were evaluated in Varamin cucumber greenhouse, during three consecutive crop years. These 

treatments included TF-Cu-V-59 as soil treatment, TF-Cu-V-60 as seed treatment, TH-Cu-V-13 as soil treatment and TH-

Cu-V-13 as soil and seed treatment. Each experiment was performed with a randomized complete block design (RCBD) in 

five treatments (each of four above-mentioned treatments and unhealthy control) and four replications. The treatments were 

evaluated as calculating disease severity percent and total yield. Statistical results in compound analysis form for three 

consecutive years showed that the interaction effect between treatment and year was significant; as a result, analysis of data 

was carried out for each year, separately. The results related to first and second years showed that among all treatments, the 

most effective treatment was TF-Cu-V-59 as soil treatment in terms of efficacy in disease control and increasing yield. 

However, the results related to third year showed that all treatments containing antagonistic isolates decreased disease 

severity percent and increased yield significantly, compared to unhealthy control. In spite of a significant difference among 

antagonistic treatments, in terms of disease severity percent and yield, in first and second years, these treatments were not 

different significantly in third year. It could be presumed that due to the residues of T. flavus bioformulations related to 

previous years in soil, the population of the above-mentioned antagonistic fungus has been improved using antagonistic 

treatments containing T. flavus in these treatments; consequently there was no significant difference among these treatments 

in terms of measured parameters.  
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INTRODUCTION 

The latest statistics obtained from the greenhouse products' area, under cultivation have been related to 2014 

that, the area under cultivation of the herbs and mushrooms has been indicated 9600 hectars by the Director General of 
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the Bureau of greenhouses, of which, 6345 hectares are the vegetable products (Mohammadi and Omid, 2010). About 92 

percent of the country's greenhouses are distributed in 12 provinces and the provinces of Tehran, Isfahan, Yazd and 

Kerman form 70 percent of the country's greenhouses' levels. Among the country's greenhouses' products, the cucumber 

(Cucumis sativus L.) has the highest area under cultivation. The maximum greenhouse cucumber is produced in Yazd 

Province that, 348 thousand and 671 tons of the products is obtained from 1125 hectares. Kerman Province, with the 

production of 260 thousand tons of the cucumber of 1250 hectares of greenhouses, is in the second rank of the country's 

greenhouse cucumber production. 

The average greenhouse cucumber yield is five times of the farm cultivation. The greenhouse cucumber 

cultivation, as mechanized in addition to the fivefold increase of the average yield to the farm cultivation, the amount of 

using the input is reduced. Because the greenhouse environment can be controlled and all needed facilities, such as set the 

temperature, moisture and light, seeds' optimal consumption and pesticides and fertilizers in the greenhouse are available 

for the producer, the amount of the greenhouse cucumber production is far greater than the farm. The average mechanized 

greenhouse cucumber is 180 tons per hectare, while in the farms, 30 to 40 tons cucumber is harvested per hectare 

(Baniameri and Nasrollahi, 2003). 

In Iran, in addition to many report on isolating Fusarium oxysporum f. sp. radicis-cucumerinum D.J. Vakalounak 

as the pathogen of crown and root Fusariumrot of the greenhouse cucumber (Nosrati et al., 2011; Safari et al., 2012; 

Najafiniya, 2013), the greenhouse cucumber Fusarium wilt caused by Fusariumoxysporum f. sp. cucumerinum (J.H. 

Owen) is considered as one of the product's important diseases in the cultivation areas of Varamin, Isfahan, Yazd and 

Kerman (Payghami and Nishabouri, 1992; Nosrati et al., 2011). At present, the common methods to control the disease in 

the cucumber greenhouses is observing the alternation, using resistant cultivars and chemical pesticides. 

Another method of controlling soilborne pathogens is the use of antagonist microorganisms that the need for 

continued use of agricultural land on the one hand and prevention of environmental problems resulting from the use of 

chemical fertilizers and pesticides make the agricultural researchers use these microorganisms take effective steps to 

improve the quantity and quality of agricultural products. Today, in many industrialized countries, instead of using 

chemical fertilizers and pesticides, all or a part of the nutrients required by plants are provided by the soil microorganisms 

to the plants, so that, the production and use of biofertilizers in years recent have been increasingly grown (Huang et al., 

2011). To use this method, first, an effective biological agent should be selected to control one or a set of the plant diseases 

(Nelson et al., 1988). 

In Iran, in addition to control Fusarium wilt using the methods of crop improvement (determine the appropriate 

shrubs' intervals and produce healthy seedlings), disinfection of soil with chemical materials such as methyl bromide and 

dazomet by temperature has been done. Also, a study has been conducted in the field on the possibility of biological 

control of the disease using antagonist isolates of Trichoderma harzianum (Payghami and Nishabouri, 1992; Heydari and 

Pesarakli, 2010; Naraghi et al., 2010a, b and c). So, conducting further research in this field seemed necessary. In the 

present study, after determining the inhibitory effects of isolates of antagonist fungi of Talaromyces flavus and T. 

harzianum on the pathogenic fungus and comparing them in terms of efficiency in reducing the disease index, the top 

isolates were selected, and the possibility to control the mentioned disease biologically by them was examined in 

Varamingreen house, with an area of more than five hundred square meters over three successive crop years. 
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MATERIALS AND METHODS 

Prepare the Fungus as the Pathogen of the Cucumber Fusarium Wilt Fusarium Oxysporum f. sp. Cucumerinum 

At this stage, according to the previous research results (Gholi-Nyakan et al., 2014), the isolate 

Fusariumoxysporum f. sp. cucumerinum obtained from Varamin green house soil, with pathogenesis intensity percentage 

of 85%. 

Select Antagonist Treatments of T. Flavus and T. Harzianum by their Application to Examine Varamin Cucumber 

Greenhouse 

According to the results of previous research (Gholi-Nyakan et al., 2012) finally, the top four treatments including 

antagonist isolates were introduced with their application for review, during three successive crop years in the Varamin 

cucumber greenhouse. These treatments mentioning the isolate and application included: 1- TF-Cu-V-59 by increasing the 

soil, 2- TF-Cu-V-60 by increasing the soil and soaked seed, 3- TH-Cu -V-13 by increasing the soil and 4- TH-Cu-V-13 by 

increasing the soil and soaked seed. It should be noted that all of T. flavus isolates (TF-Cu-V-59 and TF-Cu-V-60) and T. 

harzianum (TH-Cu-V-13) were obtained from the soil of Varamin cucumber greenhouses. 

Evaluation of the Antagonist Capability of T. Flavus and T. Harzianum isolates on the Cucumber Fusarium Wilt in 

Varamin Greenhouse 

Studies on Varamin cucumber greenhouse were conducted during three successive crop years of 2013, 2014 and 

2015. The experiment was performed in a complete randomized block design with five treatments (four treatments with the 

highest effect on the disease reduction under the greenhouse conditions in Iranian Research Institute of Plant Protection 

and the control) and four replications. Regarding seven plants per replication, for a total of four replications per treatment 

28 plants were used. In this study,the common cultivar of the area cultivation Sultan was used (Figure 1). This study was 

conducted in research greenhouse of Varamin Plant Patholgy Research Laboratory. The irrigation syatem was set as the 

tape with an interval of 5 cm from the shrub stem, so that, the amount of water consumed at the beginning of the 

cultivation was 100-150 mm³ and was 750 mm³with the advancement of growth. To feed the plants at the stage after 

fowering, once per 4 days the fertilizers of nitrogen-phosphorus-potassium (NPK), calcium and microelements were used 

according to the consumption instructions. 

In order to use the treatment affected by the antagonist isolates, the soil was increased according to the use of 

25kg of T. flavus bioformulation per ha and CFU/g 10⁹or the colony unit per gram (Ruppel et al., 1983; Van Toor et al., 

2002). Thus, after calculating the number of spores of the antagonist isolate per gram the relevant bioformulation by Lam 

hemacytometer and balancing it to reach the number of CFU/g10⁹ through the re-cultivation of this antagonist isolate on 

the substrate of the bioformulation (if less than the number mentioned) and/ or add the substrate free of the antagonist 

isolate to bioformulation (in case of more of the above value), the amount consumed was determined for the area tested. 

For example, for a treatment with four replicates and an area of 500 square meters, 1.25 kg of the bioformulation was used. 

Thus, regarding an approximate weight of one kilogram for the volume of soil in an area of one square meter and a height 

of one centimeter, according to the use of1.25 kg of the antagonist bioformulations for 500 square meters, about 1.25 kg of 

the T. flavus bioformulation equivalent to 1.25 × 1000 × 10⁹spores was used for 500 kg of soil, in other words, per gram of 

soil, about 2.5 × 10⁶ antagonist fungal spores have been received. 

For the treatments, in which, the antagonist isolate was used as soaked seeds, like the application of such 
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treatments in the country's Plant Research Institute greenhouse using the bioformulation was, to the extent that, all seed 

levels weresoaked (Naraghi et al., 2010c). By increasing the bioformulation in the soil, applying such treatments was at the 

time of transplanting from the planting tray in the greenhouse soil (Figure 2), while in seed treatments, treated seeds were 

planted in the seedling tray, and then seedlings were transferred to soil. 

To ensure needed infection of the greenhouse i.e. at least in the range of .9 × 10³ to 1.345 × 10³ CFU / g, or the 

colony unit per gram of soil (Anjaiah et al., 2003), the experiment was performed to determine the pathogenic fungus 

population through soil cultivation on a specific medium (Komada's medium), according to the method Komada (1975). In 

the lower number of the pathogenic fungus colony unit per gram of the greenhouse soil than the above, before performing 

the experiment, the artificial bioformulation was prepared on sand and corn substrate with the ratio of 20: 1, according to 

the method and amount of the bioformulation necessary, with a concentration of CFU / g 10³ (Leeman et al., 1996), and  

on the basis of 33 kg per hectare (Elmer, 2002) was distributed throughout the greenhouse soil and mixed with it to a depth 

of 15 cm (Hashimoto et al., 2008). 

Fusarium wilt disease assessment to determine the percentage of the disease intensity, according to Hao et al. 

(2005) method began a month after planting and continued for four months (Wokoma et al., 2008). Finally, the treatments 

were compared through analyzing data by Duncan's Multiple Range Test and using a software program MS TAT C. 

To determine the percentage of the intensity of the disease, first the incidence of the disease was specified through 

observing the symptoms (Figure 3), using a scale of six degrees (Liu et al., 1995) as follows: 

Zero = no symptoms 

1 = The leaf chlorosis and plant wilt less than 25% 

2 = The leaf chlorosis and plant wilt from 25 to 50% 

3 = The leaf chlorosis and plant wilt from 51 to 75% 

4 = The leaf chlorosis and plant wilt from 76 to 100% 

5 = The dead or completely destroyedplant  

Then, the percentage of the disease intensity for each treatment, according to the formula listed for the proof test 

was calculated as follows: 
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Figure 1: A view of a Greenhouse Plan in a Randomized Complete Block Design 

     

Figure 2: Transplanting from the Planting Tray into the Soil in the Greenhouse 

 

Figure 3: Observe the Symptoms of Fusarium Wilt Disease for 

Determining its Incidence in Varamin Greenhouse 

RESULTS 

Evaluation of the Efficiency of the Treatments of T. Harzianum and T. Flavus in Reducing the Disease Severity 

Percent and Increasing the Yield 

The combined analysis of data related to the disease intensity percentage during three crop years showed that the 
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interaction between the year and treatment was significant at the possibility level of 1%, so statistical data analysis related 

to the disease intensity percentage for each of the 3 years was carried out individually, as follows: 

Evaluation of the Disease Severity Percent in the Crop Year 2013 

The experiment of the effect of the treatments affected by the antagonistic isolates on the disease severity percent 

of greenhouse cucumber Fusarium wilt was significant at 1% probability level. In the mean statistical grouping of the 

disease intensity percentage, the experiment treatments were in three statistical groups. The results of this classification 

showed that all treatments compared to the control had a significant reduction in the disease intensity percentage. Among 

the treatments, the highest disease intensity percentage was related to the treatment of TH-Cu-V-13 isolate by increasing 

the soil and no statistically significant difference was observed among other treatments (Table 1). 

Table 1: Comparison of the Disease Severity Percent of Fusarium Wilt in the 

Treatments of Talaromyces Flavus and T. Harzianum Antagonistic 

Isolates in Varamin Cucumber Greenhouse in the Crop Year 2013 

Treatment Disease Severity Percent (%) 

TF-Cu-V-59 (Soil treatment)  47.00c* 

TF-Cu-V-60 (Soil and seed treatment) 51.00c 

TH-Cu-V-13 (Soil treatment) 60.00b 

TH-Cu-V-13 (Soil and seed treatment) 47.00c 

Unhealthy Control  74.00a 

 

*:Among statistically similar letters, there is no significant difference at the level of 1%. 

Evaluation of the Disease Severity Percent in the Crop Year 2014 

The experiment of the effect of the treatments affected by the antagonist isolates on the disease intensity 

percentage of Fusarium wilt of the greenhouse cucumber was significant at 1% probability level. In the mean statistical 

grouping of the disease intensity percentage, the experiment treatments were in three statistical groups. The results of this 

classification showed that all treatments compared to the control had a significant reduction in the disease intensity 

percentage. Among the treatments, the highest disease intensity percentage was related to the treatment of TH-Cu-V-13 

isolate by increasing the soil and soaked seeds and no statistically significant difference was observed among other 

treatments (Table 2). 

Table 2: Comparison of the Disease Severity Percent of Fusarium Wilt in the 

Treatments of Talaromyces Flavus and T. Harzianum Antagonistic 

Isolates in Varamin Cucumber Greenhouse in the Crop Year 2014 

Treatment Disease Severity Percent (%) 

TF-Cu-V-59 (Soil treatment)  02.00b* 

TF-Cu-V-60 (Soil and seed treatment) 21.25b 

TH-Cu-V-13 (Soil treatment) 21.50b 

TH-Cu-V-13 (Soil and seed treatment) 29.75ab 

Unhealthy Control  43.00a 

 

*: Among statistically similar letters, there is no significant difference at the level of 1%. 

Evaluation of the Disease Severity Percent in the Crop Year 2015 

The experiment of the effect of the treatments affected by the antagonist isolates on the disease intensity 

percentage of Fusarium wilt of the greenhouse cucumber was significant at 1% probability level. In the mean statistical 
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grouping of the disease intensity percentage, the experiment treatments were in three statistical groups. The results of this 

classification showed that all antagonist treatments compared to the control had a significant reduction in the disease 

intensity percentage. While among such treatments, no statistically significant difference was observed among other 

treatments (Table 3). 

Table 3: Comparison of the Disease Severity Percent of Fusarium Wilt in the 

Treatments of Talaromyces Flavus and T. Harzianum Antagonistic 

Isolates in Varamin Cucumber Greenhouse in the Crop Year 2015 

Treatment Disease Severity Percent (%) 

TF-Cu-V-59 (Soil treatment)  81.78b* 

TF-Cu-V-60 (Soil and seed treatment) 14.37b 

TH-Cu-V-13 (Soil treatment) 19.37b 

TH-Cu-V-13 (Soil and seed treatment) 18.64b 

Unhealthy Control  30.00a 

*: Among statistically similar letters, there is no significant difference at the level of 1%. 

Evaluation of the Total Yield 

The combined analysis of data related to the disease intensity percentage during three crop years showed that the 

interaction between the year and treatment was significant at the possibility level of 1% (Table 10), so statistic data 

analysis related to the total yieldfor each of the 3 years was carried out individually as follows: 

Evaluation of the Total Yield in the Crop Year 2013 

The experiment of the effect ofthe treatments affected by the antagonistisolatesonthe total yield was significant at 

1% probability level (Table 11). In the mean statistical classification of the total yield, the experiment treatments were in 

three statistical groups. The results of this classification showed that among the treatments affected by the antagonistisolate 

the highest average total yieldwas related to the two treatmentsaffected byTH-Cu-V-13 isolate by addition to the soil and 

seed coating and TF-Cu-V-59 isolate as soil treatment (Table 4). 

Table 4: Comparison of the Total Yield in the Treatments of 

Talaromyces Flavus and T. Harzianum Antagonistic Isolates in 

Varamin Cucumber Greenhouse in the crop year 2013 

Treatment Total yield (kg per 2 m²) 

TF-Cu-V-59 (Soil treatment)  33.81ab* 

TF-Cu-V-60 (Soil and seed treatment) 23.66c 

TH-Cu-V-13 (Soil treatment) 28.54bc 

TH-Cu-V-13 (Soil and seed treatment) 38.10a 

Unhealthy Control  22.12c 

 

*: Each plot has an area of two square meters. 

**: Among the treatments with similar letters, there is no significant difference at the level of 1%. 

Evaluation of the Total Yield in the Crop Year 2014 

The experiment of the effect ofthe treatments affected by the antagonistisolatesonthe total yield was significant at 

1% probability level. In the mean statistical classification of the total yield, the experiment treatments were in three 

statistical groups. The results showed that all treatments containing the antagonistisolate compared to the control had a 

significant increase in the total yield. Among the treatments, the highest average yield was related to the treatment of TH-

Cu-V-13 isolate by increasing the soil. While among other antagonist treatments, no statistically significant difference was 
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found in terms of the total yield (Table 5). 

Table 5: Comparison of the Total Yield in the Treatments of 

Talaromyces Flavus and T. Harzianum Antagonistic Isolates in 

Varamin Cucumber Greenhouse in the Crop year 2014 

Treatment Total yield (kg per 2 m²) 

TF-Cu-V-59 (Soil treatment)  48.70a** 

TF-Cu-V-60 (Soil and seed treatment) 29.70b 

TH-Cu-V-13 (Soil treatment) 34.65b 

TH-Cu-V-13 (Soil and seed treatment) 29.95b 

Unhealthy Control  20.80c 

 

*: Each plot has an area of two square meters. 

**: Among the treatments with similar letters, there is no significant difference at the level of 1%. 

Evaluation of the Total Yield in the Crop Year 2015 

The experiment of the effect of the treatments affected by the antagonist isolates on the total yield was significant 

at 1% probability level. In the mean statistical classification of the total yield, the experiment treatments were in three 

statistical groups. The results showed that all treatments containing the antagonist isolate compared to the control had a 

significant increase in the total yield. Among such treatments except for the treatment of TH-Cu-V-13 isolateby increasing 

the soil and soaked seeds, no statistically significant difference was found in terms of the total yield (Table 6).  

Table 6. Comparison of the Total Yield in the Treatments of 

Talaromyces Flavus and T. Harzianum Antagonistic Isolates in 

Varamin Cucumber Greenhouse in the Crop Year 2015 

Treatment Total yield (kg per 2 m²) 

TF-Cu-V-59 (Soil treatment)  45.60a** 

TF-Cu-V-60 (Soil and seed treatment) 49.35a 

TH-Cu-V-13 (Soil treatment) 48.50a 

TH-Cu-V-13 (Soil and seed treatment) 43.40ab 

Unhealthy Control  36.40b 

 

*: Each plot has an area of two square meters. 

**: Among the treatments with similar letters, there is no significant difference at the level of 1%. 

DISCUSSION AND CONCLUSION 

The study results showed that there is apossibility of the biological control of Fusarium wilt of the cucumber 

caused by F. oxysporum f. sp. cucumerinum by different isolates of T. harzianum and T. flavus. 

This research was done in Varamin cucumber greenhouse, during three successive crop years. The results of the 

2
nd

 year of this research in the greenhouses of Varamin also like the first year showed that, there was a possibility of the 

biological control of Fusarium wilt caused by F. oxysporum in the greenhouse cucumber crops by some of the isolates of T. 

flavus and T. harzianum. In the present study, all the treatment affected by isolates of T. flavus (TF-Cu-V-59) by addition 

to the soil and TF-Cu-V-60 with seed coating and addition to the soil) and T. harzianum (TH-Cu-V-13 by addition to the 

soil and TH-Cu-V-13 with seed coating and addition to the soil), compared with the control had a significant reduction in 

the disease severity percent, the result was not unexpected according to the results of the research laboratory part, on 

reducing the growth of the pathogenic colony by the mentioned isolates (Gholi-Nyakan et al., 2014). 
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Of course, among the above treatments, despite the first year that the treatment of TH-Cu-V-13 by addition to the 

soil showed lower efficiency in terms of the disease control, compared to other treatments, the lowest efficiency was 

observed in controlling the disease in the treatment of TH-Cu-V-13, by addition to the soil along with seed coating. 

According to the research on the need for population threshold for the biological agent activity (Lo et al., 1997; Wang, 

2012; Mishra et al., 2013), it was likely that in the first year, the needed population of the colony units was not provided 

for the isolate TH- Cu-V-13 by only addition to the soil, and in the second year, because of the residual of the 

bioformulation related to the isolate of the first year, the population of the isolate has reached the desired threshold. Uddin 

et al. (2011) showed that the occurrence of the population threshold has been possible for some of T. harzianum isolates to 

control potato seedling death, using seed and soil treatments. 

In the first crop year (2013), increase yield up to 33% in the Trichoderma treatment occurred by addition to the 

soil and seed coating compared to only addition to the soil, while the disease severity disease in the mentioned treatment 

by the method of increasing the soil and seed coating also showed a 20% reduction compared to the increasing the soil. 

Previous studies in the field ofexamining the effect of different concentrations of various antagonist microorganisms such 

as T. harzianum and Verticillium lecani (10³, 10⁴, and 10⁶the colony unit per ml of suspension used to provide the seed 

treatments) on soil borne fungal diseases' control in products, such as tomato, beans and radishes showed that the 

difference in the colony unit even 1,000 spores in the seed treatment could cause a significant difference in the incidence of 

Fusarium wilt disease (Leeman et al ., 1996; EliRafai et al., 2003; and Carvalho et al., 2014). Thus, the inference is made 

that the seed treatment has been significantly important to control vascular diseases such as Fusarium wilt compared to 

non-vascular diseases. 

In the second year, the yield of the isolate TH-Cu-V-13 by increasing the soil and seed coating was lower than the 

first year in terms of reducing the disease severity. Also, for the isolate due to the presence of the bioformulation residual 

related to the last year, the population of the colony units of the isolate exceeded the threshold and according to the 

previous studies (Chitarra, 2003) the phenomenon of removing fungalcolony units occurred by the fungus and 

consequently its antagonist activity has been reduced. 

On the other hand, the results of the present study showed that the capability of different antagonistic fungal 

species (T.flavus and T. harzianum) and even the isolates related to a species (TF-Cu-V-59 and TF-Cu-V- 60) were 

different in terms of the yield increase. In this field, different efficiency of endophytic fungus isolates Gibberella fujikuroi 

has been showing on strengthening vegetative traits such as the stem length in some ofdicotyledonous plants including 

Vitex rotundifolia, soldanella calystegia and Polygonum convolvulus (Khan et al., 2012). In another study, also Contreras- 

Cornejo et al. (2009) showed that the species Trichodermaatroviride and Trichodermavirens due to the difference in the 

amount and activity of root growth stimulating hormones (auxin and its derivatives), had different strengthening properties 

for the plant growth. 

Also, the results of the 2
nd

study in Varamin greenhouse showed that for both antagonistic fungi T. flavus and T. 

harzianum, only adding to the soil has been more effective on increasing the yield, in terms of efficiency compared to 

addition to the soil and seed coating. According to the results of Chitarra (2003) study, reducing the efficiency of some 

antagonist isolates in the biological control, and thus, reduce the plant yield can be attributed to the reduced population. 

Thus, the use of high concentrations of spores of antagonistfungi such as Aspergillus and Penicilliumgenus cause a 

phenomenon known as "Crowding effect". In this phenomenon, the high population of the fungus spores causes producing 
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the spore growth inhibitors. For example, the high population of spores of the fungus Penicillium paneum by producing 1- 

octen-3-OL (a combination of oxidative linoleic acid) with a concentration of 4mM prevents the growth of the spores, thus 

the fungus antagonist activity is also reduced. On the other hand, the results of the first study in Varamin greenhouse have 

shown that the method of the soil addition with seed coating compared to only adding to the soil for the isolate TH-Cu-V-

13 was more effective in terms of efficiency in increasing the yield.Thus, reducing this treatment efficiency in the second 

year can be attributed to an increase in the population of the colony units of the isolate, because of the presence of the 

relevant bioformulation of the last year. 

Also, the results of the third study in Varamin greenhouse showed that all the treatments containing the antagonist 

isolate compared to the control had a significant reduction in the disease severity and a significant increase in the yield. 

And, despite observing a statistically significant difference among antagonistic treatments in terms of the disease severity 

and yield in the first and second years' studies, no statistically significant difference was found between the treatments. 

According to the results of anotherstudyin the field of examining the biological control of potato disease Verticillium wilt 

during two successive crop years (Naraghi et al., 2014a), the inference is made that due to the presence of the residual of T. 

flavus in the soil of the previous years, the use of antagonist treatmentsT. flavus improves the mentioned fungus population 

in such treatments and lack of a significant difference between them in terms of the traits measured. 

The results of the 1
st
 and 2

nd
 years showed that among the treatments, totally the treatment of TF-Cu-V-59 by 

addition to the soil has been a priority in terms of efficiency, for the disease control and yield increase. While, the results of 

3
rd

 year showed that all the treatments containing the antagonistic isolate compared to the control had a significant 

reduction in the disease severity percent and a significant increase in the yield, and despite observing a statistically 

significant difference between the antagonistic treatments in terms of the disease severity and yield in the first and second 

years, no statistically significant difference was found between the treatments in the third year of study. Therefore, it can 

be stated that due to T. flavus residues in the soil from the years before, using T. flavus antagonist treatments improves the 

mentioned fungus population in such treatments, and non-statistically significant difference between them in terms of the 

traits measured. 
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