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Abstract  

 

Three organic amendments viz, Farm yard manure (FYM), Pressmud and 

Vermicompost inoculated with talc based formulations of Trichoderma harzianum 

(2x10
7
cfu/g) and Pseudomonas fluorescens (2x10

7
cfu/g) and suspensions of both the 

formulationswere evaluated as soil treatmentand seedlings treatment for the control 

of tomato wilt caused by Fusarium oxysporum f. sp. lycopersici in field condition. 

Vermicompost inoculated with Trichoderma harzianum and Pseudomonas fluorescens 

as soil treatment were found to be more effective in controlling of the wilt disease up 

to 73.46% and 74.71% respectively. FYM inoculated with both the formulations was 

least effective (40.41% and 53.90%). Seedlings treatments with water suspension of 

both the formulations were found to be less effective than soil treatments. However, P. 

fluorescens was at par with T.harzianumin the mycelial growth suppression of wilt 

pathogen under laboratory condition. 

 

Keywords:  Trichoderma harzianum, Pseudomonas fluorescens, Fusarium 

oxysporum, Organic amendments. 

 

 
1. Introduction 

 

Tomato crop is affected by a number of biotic 

agents like fungi, bacteria, viruses, 

phytoplasmas and nematodes affecting almost 

all the parts of the plant such as root, stem, 

leaves and fruits. Among the fungal diseases, 

vascular wilt cause by Fusarium oxysporum f. 

sp. lycopersici (Sacc.) Snyder and Hansen, is 

most serious and posses a major constraint in 

successful cultivation of tomato especially in 

warm regions of the world including India 

(Beckman, 1987). In India most of the 

common varieties are susceptible and 

fungicides are frequently used to control the 

disease (Chauhan, 1988). However, the 

fungicides applied as seed treatment or applied 

at the time of transplanting may not persist for 

the whole cropping season. On the other hand 

frequent use of fungicides may not only 

increased cost of production but also enhanced 

fungicidal resistance in fungi, besides causing 

water, soil and atmospheric pollution as well 

as create ecological imbalance by suppressing 

the population of beneficial microflora. In this 

context, biocontrol agents along with locally 

available organic amendments may be 

exploited as an alternate strategy for disease 

management which can protect the tomato crop 

for the whole cropping season.  Several 

microorganisms have been successfully used 

for the management of tomato wilt (De Cal et 

al., 1995; Padmodaya and Reddy, 1998). 

Therefore, present studies were under taken at 

CRC, Sardar Vallabhbhai Patel University of 

Agriculture and Technology, Meerut-250110, 

India during Rabi season to know the effect of 

fungal and bacterial antagonist i.e., 
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Trichoderma harzianum, and Pseudomonas 

fluorescens in inhibiting wilt pathogen i.e., 

Fusarium oxysporum f. sp. Lycopersici in vitro 

and with organic amendments viz. FYM, 

vermicompost and press-mud individually and 

in combination on disease suppression and 

yield of tomato fruits  under field condition. 

 

2. Material and methods 

 

2.1.  In vitro study for antagonistic ability 

In order to find out the efficacy of antagonists 

against wilt pathogens Fusarium oxysporum f. 

sp. Lycopersici in vitro dual culture technique 

(Morton and Strouvle, 1935) was followed. 

Trichoderma harzianum and Pseudomonas 

fluorescens culture were obtained from the 

biocontrol laboratory of SVP Uni. of Agri. & 

Tech., Meerut. Pathogen was isolated from 

sick plot of experimental fields where tomato 

crop was previously grown. Isolated fungus 

was purified by the single spore technique 

described by Kiett (1915) and Ezekiel (1930) 

and modified by Neergaard (1945). 5 mm disc 

of pathogen and antagonistic were taken from 

the actively growing colonies with the help of 

sterilized cork borer. The disc of pathogen was 

placed on one side of agar plates and disc of 

antagonist was placed on opposite side of 

pathogen in same petriplate aseptically. The 

experiment was carried out separatelyfor both 

antagonists in four replication. These 

petriplates were incubated at 25 
+
1

0
C and after 

7 days of incubation; mechanism of interaction 

of the antagonist and percent inhibition in 

growth of the pathogen was recorded. 

 

2.2.  In vivo study for field efficacy 

 

2.2.1. Seedlings treatment 

 

For the experiments susceptible variety Pusa 

ruby was raised in nursery at Crop research 

Centre of the University. 35 days old seedlings 

were treated with talc based formulations of T. 

harzianum (2x10
7 

cfu/g) and P. fluorescens 

(2x10
7 
cfu/g). Suspensions of both the bioagent 

were prepared separately by mixing the 50g of 

formulation with 50,000 ml of distilled water. 

Roots of tomato seedlings were dipped in to 

both the suspensions separately for 10 minutes. 

After root treatment, seedlings were 

transplanted immediately. 

 

2.2.2. Soil treatment 

 

For treatment of the soil, formulation of T. 

harzianum and P. fluorescens @ 5kg/ha 

(2x10
7
cfu/g) was thoroughly mixed with farm 

yard manure @ 25t/h, vermicompost @ 10t/ha 

and pressmud @ 10t/ha separately in cool and 

shady place. Mixed substrates were spread out 

on the ground, moist with water and were 

transformed in to the heap. The heaps were 

kept for 10 days with intermittent mixing. 

After 10 days the substrates were incorporated 

in to the plots prior to transplanting. 

 

2.2.3.Layout of Experiments 

 

Eight treatments and one control were used for 

this experiment in the field. 35 days old 

seedlings were transplanted in field having plot 

size of 3x4m following RBD with four 

replications for each treatment. Treated and 

untreated seedlings of particular treatment 

were transplanted in to their respective plot. 

When plants were settled, they were inoculated 

with mycelium cum spore suspension of the 

pathogen to create artificial epiphytotic of the 

disease. Same thing were also carried out in 

control plots. Observations at flowering stage 

to maturity stage were recorded. Disease 

incidences per plot were also recorded at every 

plucking day. Yield per plot was recorded after 

each plucking of the fruits and calculated on 

per hectare basis. Disease incidence (%) and 

disease control (%) was calculated by using 

following formulae 

 

                      

 
                              

                           
       

 

Disease control (%) = DI in control – DI in 

treatment/DI in control × 100 

Where, 

DI = Percentage of disease incidence. 

 

2.2.4. Statistical analysis 

 

The dada of experiments were subjected to the 

statistical analysis. The critical differences 

were worked out at 5 percent probability level 

to find out the differences among treatments. 

(Gomez and Gomez, 1996; Chandel, 2002) 

 

3. Results  

 

It is evident from table 1 that Trichoderma 

harzianum and Peudomonas fluorescens were 

found strongly antagonistic causing 81.11% 

and 76.38% inhibition of mycelial growth of 

the Fusarium oxysporum f. sp. lycopersici 

respectively over control. Similar observations 
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were made by earlier researchers in their in 

vitro studies. Data of field experiment (Table 

2) revealed that all the treatments significantly 

increases the yield/ha as well as decrease in 

percent disease incidence. (T8) soil application 

of Peudomonas fluorescens with 

vermicompost provided maximum protection 

(74.71%) to the crop by giving maximum fruit 

yield (56.83 q/h) followed by (T5) field treated 

with Trichoderma harzianum. In case of 

disease incidence it was recorded highest in 

(T1) seedling treatment with Trichoderma 

harzianum, while it was lowest in (T8) field 

treated with Peudomonas fluorescensa along 

with vermicompost. Soil treatment along with 

inoculated organic amendments of 

Peudomonas fluorescens and Trichoderma 

harzianum were found to be more effective 

than seedling treatments. This may be due to 

the fact that organic amendment releases the 

different types of growth promoting substances 

and enzymes which are thought to be increase 

the population of these antagonists in the field. 

This proves their high potentiality to colonize 

the rhizosphere of tomato. Moreover, 

Peudomonas fluorescens was at par with 

Trichoderma harzianum in controlling disease 

under field condition.  

 

4. Discussion 

 

Padmodaya and Reddy (1996) found that 

Trichoderma viride (H) was effectively 

inhibited the mycelial growth of Fusarium 

oxysporum f. sp. lycopersici followed by 

Trichoderma harzianum (AP). In another 

experiment Ushamalini et al., (1997) observed 

the growth of Fusarium oxysporum f. sp. 

tracheiphilum were minimum when dual 

culture with Bacillus substilis followed by 

Trichoderma harzianum and Peudomonas 

fluorescens. Fakhouri et al., (2001), found that 

Peudomonas fluorescens was able to colonize 

and later lysed the Fusarium oxysporum f. sp. 

lycopersici hyphae due to production of 

coenzymes. Patil and Raut (2004) recorded 

that Trichoderma viride had the highest growth 

inhibition over Fusarium oxysporum (61.6%) 

followed by Trichoderma harzianum (22.1%). 

However, in this in vitro study bioefficacy of 

Trichoderma harzianum was recorded at par 

with Peudomonas fluorescens. 

Various workers have also reported that the 

Trichoderma spp. applied as seed and soil 

treatment provided long term protection 

against root rot pathogens and enhanced root 

performance (Papavizas, 1985; Ahmed and 

Baker, 1987). Hjeljord and Tronsmo (1998) 

attribute disease controlling efficacy of 

antagonists to their fast growth, ability to 

colonize infection courts and to compete with 

pathogens in soil. Larkin and Fravel (1998) 

found that biocontrol agents viz. Trichoderma 

virens, T. hamatum, Peudomonas fluorescens, 

Burkholderia cepacia when applied to tomato 

seedlings it provided significant and consistent 

disease control up to 50-80%. Padmodaya and 

Reddy (1999) found that FYM was found 

significantly superior to all other five organic 

amendments with 66% increased in yield. 

Szczech (1999) observed that vermicompost 

when inoculated with antagonists found 

significantly inhibited the infection of tomato 

plants. Finally he concluded that the 

population of antagonistic bacteria and fungi 

were significantly higher in vermicompost than 

in the control peat substrate. Ramamoorthy et 

al., (2002) reported that Peudomonas 

fluorescens isolate PF1 protect tomato plants 

from wilt disease caused by Fusarium 

oxysporum f. sp. Lycopersici. The result 

suggested that induction of defense enzyme in 

to tomato plant. Singh et al., (2004) found that 

Trichoderma harzianum,T. viride, Gliocladium 

virens were effective in controlling seedling 

mortality up to 85% when used as seed 

treatment and were at par with carbendazim in 

comparison to Aspergillus nidulans which was 

least effective. Akkopru and Demr (2005) 

observed that the treatments with single and 

dual inoculation with AM fungus Glomus 

intradices and rhizobacteria Peudomonas 

fluorescens biovar II17, Peudomonas putida 

and Enterobacter cloacae strains reduced 

incidence of wilt infection caused by Fusarium 

oxysporum f. sp. Lycopersici. However, in 

these investigations results conclusively shows 

that soil treatments with Peudomonas 

fluorescens inoculated vermicompost 

effectively reduced the disease incidence and 

increased the fruit yield of tomato. 

 

5. Conclusions 

 

Trichoderma harzianum and Peudomonas 

fluorescens strongly inhibit the growth of 

Fusarium oxysporum f. sp. lycopersici. This 

indicates that both the biocontrol agents are 

potential antagonists in controlling fusarium 

wilt pathogen of tomato in vitro. Data of field 

experiment indicates Peudomonas fluorescens 

with vermicompost provided maximum 

protection to the crop by giving maximum fruit 

yield followed by field treated with 

Trichoderma harzianum. The above results 

conclude that Trichoderma harzarium and 

Pseudomonas fluorescens were prove as 

effective biocontrol agents. 
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Table 1: Effect of T. harzianum and P. fluorescens on the growth of the pathogen in vitro 

 

S. No. Treatment Average growth (mm) Percent inhibition 

1. T. harzianum 17.00 81.11 

2. P. Fluorescens 21.25 76.38 

3. Control 90.00 00.00 

 

 

 

Table 2: Effect of organic amendments inoculated with antagonists on disease control. 

 

S.No. Treatments 
% Disease 

incidence 

% Disease 

control 

Fruit 

yield 

(Q/h) 

Increase in 

yield (%) 

1. Seedling treatment withTrichoderma 

harzianum (T1) 

56.29  

(48.59) 
17.35 34.52 22.27 

2. Seedling treatment with P. 

fluorescens (T2) 

55.13 

(47.92) 
19.06 35.25 23.82 

3. Soil application of T. harzianum with 

FYM (T3) 

40.41 

(39.46) 
40.65 41.01 34.53 

4. Soil application of T. harzianum  

with pressmud (T4)
 

24.37 

(29.57) 
64.21 50.56 46.89 

5. Soil application of T. harzianum with 

vermicompost (T5) 

18.07 

(25.13) 
73.46 55.72 51.81 

6. Soil application ofP. Fluorescens 

with FYM (T6) 

31.39 

(34.04) 
53.90 45.84 41.43 

7. Soil application of P. fluorescens 

with pressmud (T7) 

25.81 

(30.52) 
62.09 50.10 46.41 

8. Soil application of P. fluorescens 

with vermicompost (T8) 

17.22 

(24.49) 
74.71 56.83 52.75 

9. Control (T9) 68.11 

(55.61) 
- 26.85 - 

  SE (m) ± 0.769  1.318  

  CD at 5% 2.326  3.986  

Values in brackets are transformed values 

 


