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Abstract
Soil-borne pathogens (Fusarium solani and Fusarium oxysporum f. sp. lycopersici) were isolated from the diseased plants of brinjal 
and tomato, identified by morphological analysis viz., PCM (Phase contrast microscopy) and SEM (Scanning Electron Microscopy). 
These pathogens produced cellulolytic enzyme in vitro and the activity of this enzyme increased with the increase in age of the 
culture. F. oxysporum f. sp. lycopersici produced more cellulolytic enzyme than F. solani. The activity of cellulolytic enzyme by F. 
oxysporum f. sp. lycopersici was more in 14th day-old culture and decreased with the increase of culture age whereas the activity of 
cellulolytic enzyme produced by F. solani did not decrease and enzyme activity increased with the increase in the age of culture (23rd 
day-old culture).  In vitro efficacy of systemic fungicides viz., Roco (Thiophanate methyl 70% WP) and Chlorothalonil (non-systemic 
fungicide), herbicides viz., Syncore (Metribuzin 70% WP), 2, 4- D (2, 4- Dichlorophenoxy acetic acid) and insecticides viz., Nuvan 
(Dichlorvos 76% EC), Prima (Acetamiprid 20% SP) against F. solani and F. oxysporum f. sp. lycopersici were evaluated using poisoned 
food technique at 100, 200, 400 ppm concentrations on 7th day of inoculation. The fungicide (Chlorothalonil) inhibited the mycelial 
growth of F. solani by 82.34%, while Thiophanate methyl inhibited F. oxysporum f. sp. lycopersici by 77.96% respectively at 400 
ppm concentration. Herbicide (Metribuzin) inhibited the mycelial growth of   F. oxysporum f. sp. lycopersici and F. solani by 75% and 
62.50%, respectively at same concentration followed by insecticides Dichlorvos (56.87%) and Acetamiprid (53.12%), respectively.
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Introduction 
One-third of all agricultural production is lost each year due 
to various pests and diseases (Bajwa et al., 2003). Wilt in 
brinjal (Solanum melongena L.) caused by Fusarium solani f. 
sp. melongena and tomato (Lycopersicon esculantum L.) by F. 
oxysporum f. sp. lycopersici is a major constraint in productivity 
of the profitable crops. In India yield loss due to wilt ranges from 
10-20 percent (Agrios, 2000; Bondad-Reantaso et al., 2005; 
Amni and Sidovich, 2010). It is more destructive in tropical and 
subtropical regions where 50-60% losses have been recorded 
(Sherf and Macnab, 1986; Ozbay and Newman, 2004; Fravel et 
al., 2005; Jiskani et al., 2007; Chakraborty and Chatterjee, 2009; 
Nirupama and Singh, 2012). 

Cell wall degrading enzymes released by pathogens are known 
to be responsible for pathogenesis. The ability of a pathogen to 
produce cellulolytic enzyme determines the degree of degradation 
of cell wall during pathogenesis and inhibition of enzyme 
ultimately affects the disease development. A numbers of cell 
wall degrading enzymes have been shown to be produced by plant 
pathogens (Chenglin et al., 1996; Srinon et al., 2006; Anand et 
al., 2008; Kumari et al., 2011) which are known to facilitate cell 
wall penetration and tissue maceration in host plants. 

There are numerous studies on the management of tomato and 
brinjal wilt with the pesticides. Growth of the Fusarium species 
was completely inhibited by Benomyl, had detrimental effect on 
the tested pathogenic fungi of legumes (Olajire and Oluyemisi, 

2009). The insecticide strongly affected the fungal structures as 
well as sporogenesis, particularly in Drechslera biseptata and 
F. culumorum where the conidiospores were not formed but the 
chlamydospores were formed under the stress of the insecticide 
(Abd El-Mongy and Abd El-Ghany, 2009). The activity of 
herbicides can extend beyond their target organisms and inhibit 
spore germination or mycelial growth of fungus in plant (Sanyal 
and Shresta, 2008). 

The effect of fungicide (Chlorothalonil) applied to the soil is 
confined to decrease pathogen activity, affecting various enzymes 
and other metabolic processes, inhibits spore germination, and is 
toxic to fungal cell membranes that can attack the roots (Duncan 
and Howard, 2010). Benlate and Captan inhibited the growth and 
spore formation of Alternaria alternata, Cochliobolus sativus, F. 
moniliforme, F. oxysporum and Drechslera halode (Abdel Mallek 
et al., 1997; Xiujian et al., 2000). The aim of this study was to 
assess the  activity of cell wall degrading enzyme, and also to 
evaluate the efficacy of some pesticides against F. solani and F. 
oxysporum f. sp. lycopersici.

Materials and methods
Survey and collection of diseased materials: Field survey of 
tomato and brinjal crops were carried out at regular intervals 
during Rabi crop season during 2010-2011 from Kanpur and its 
adjacent areas. The samples were collected in sterilized polythene 
bags and were brought to the laboratory for further studies. 
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Disease incidence:  The average disease incidence was calculated 
in percent following the procedure as suggested by Chester 
(1950).

Diseased incidence (%)= Total number of diseased plants x 100Total number of plants in the field
Isolation of fungal pathogens: Soil was collected from a 
depth of 1-12 inches from the top and sieved through a 2 mm 
sieve. The plate screening Mandel’s medium was used which 
contains Mandels mineral salts solution along with cellulose, 
triton X-100 and sorbose as an inhibitor. The growth obtained 
on Mandel’s enriched agar medium was isolated and inoculated 
into Petri plates containing CMC (Carboxy methyl cellulose) 
agar medium. The pathogens isolated were then inoculated into 
the production medium to identify the ability of the pathogen for 
cellulase production under optimized conditions. The obtained 
pure cultures of the pathogen were maintained at 28±2 °C and 
then transffered to potato dextrose agar (PDA) slants. The isolated 
pathogens were identified based on the morphological techniques 
viz., Scanning Electron Microscopy (SEM) and Phase Contrast 
Microscopy (PCM). 

Test fungal cultures: F. solani and F. oxysporum f. sp. lycopersici 
cultures were maintained in laboratory at room temperature by 
repeated sub-culturing on Czapek’s Dox Agar slants from their 
respective hosts. The cultures thereof were purified by the single 
spore isolation technique (Chauhan et al., 2002).

Assay of cellulase enzyme activity: Two discs (4 mm each) of 
five-day-old culture of F. solani and F. oxysporum f. sp. lycopersici 
in CZA medium were added into 6 Erlenmeyer flasks (250 mL), 
each containing 125 mL of Czapek’s Dox broth, consisting of 
carboxymethyl cellulose (CMC) as carbon source. The flasks 
were incubated for 7, 14 and 23 days at 28±2oC within which, 
at seven-day interval, contents of two flasks were filtered first 
by Whatman No. 1 and then 42. The Cellulase enzyme activity 
of the filtrate obtained at 0, 10, 20, 40 and 60 min interval were 
determined viscometrically (Hancock et al., 1964). The reaction 
mixture consisted of 4 mL of 1 percent CMC solution in 0.1 M 
sodium acetate -acetic acid buffer pH 5.2, 1 mL of buffer solution 
and 2 mL of the culture filtrate of cellulase enzyme obtained at 
each day interval. The loss of viscosity of CMC solution was 
determined by means of an Ostwald-Fenske viscosimeter size 
150 at 10 min interval up to 60 min. Enzyme source boiled for 
10 min at 100 °C served as control. The enzymatic activity was 
expressed in terms of percentage viscosity change. The reducing 
rate of viscosity was calculated by the following formula:

A= Vo-Vt x 100Vo-Vs
Where, A= percent loss in viscosity, Vo = flow time in seconds 
of cellulose + inactivated enzyme, Vt = flow time in seconds of 
cellulose + active enzyme, Vs = flow time in seconds of solvent 
(water) + inactive enzyme.

Test pesticides: Aqueous solution of each fungicides viz., Roco/
systemic (Thiophanate methyl 70% WP) and Chlorothalonil (non-
systemic fungicide), herbicides viz., Syncore (Metribuzin 70% 
WP), 2, 4- D (2, 4-Dichlorophenoxy acetic acid) and insecticides 
viz., Nuvan (Dichlorvos 76% EC), Prima (Acetamiprid 20% SP) 
were individually prepared by dissolving the required amount in 
distilled water to obtain desired concentration of 100, 200 and 
400 ppm.

Inoculation: The sterile medium (90 mL) and the stock solution 
(10 mL of 1000 ppm) of each fungicide were mixed under sterile 
conditions to obtain the concentration of each fungicide in the 
medium as 100 ppm. Similarly, 20 mL of 1000 ppm solution of 
each fungicide and 80 mL of medium were mixed in Petri dishes 
to prepare the concentration 200 ppm. In the same way 40 mL of 
1000 ppm solution of each fungicide and 60 mL of the medium 
were mixed in Petri dishes to get the concentration of 400 ppm. 
The same procedure was adopted in the case of each fungicide, 
herbicide and insecticide. The control plates were also maintained 
without fungicides, insecticides and herbicides. After the medium 
solidified, each Petri dish was centrally inoculated with a 6.0 mm 
actively growing mycelial disc of F. solani and F. oxysporum f. 
sp. lycopersici individually and incubated at 25±2 0C for 7 days. 
After inoculation, the percent reduction in the radial growth over 
control was calculated on 7th day of incubation (Tzatzarakis et 
al., 2000). Three replicates were maintained for each treatment. 
Data were statistically analyzed by the two-way ANOVA with 
replication method.

A= Gc-Gt  x 100Gc
Where, A= Percentage mycelial growth inhibition, Gc = growth of 
mycelial colony in control set after incubation period subtracting the 
diameter of inoculum disc. Gt = growth of mycelial colony in treatment 
set after incubation period subtracting the diameter of inoculum disc.

Results 
Field survey for disease incidence: An extensive survey was 
carried out for disease severity at different locations in Kanpur 
District and its surrounding areas during the year 2010-2012.
Table 1. Severity of Fusarium wilt of tomato and brinjal crops at different 
locations 
Site Percent of disease   

incidence (tomato)
Percent of disease 
incidence (brinjal)

Kalyanpur, Kanpur 47.94±2.99 33.37±5.98
Choubepur, Kanpur 31.65±6.22 22.05±4.74
Billhore, Kanpur 25.14±7.51 18.61±5.28

Values are the percent mean± SE of 10 fields, significant at P≤0.05
It is obvious from the data that disease severity varied from 47.94 
to 25.14 % in tomato crop and 33.37 to 18.61 % in brinjal crop 
at different locations (Table 1). However, it was highest (47.94) 
in tomato and 33.37 (highest) in brinjal crop. The lowest disease 
severity (25.14) in tomato and 18.61% in brinjal crop was noted 
in the field at Billhore, Kanpur. 

Symptomatology: The symptoms appeared on older plants 
during mid-growing season under warm weather conditions. One 
of the typical signs of the disease was leaf chlorosis. The diseased 
leaves wilted and dried up. In many cases one side of the plant 
was affected first. Infection usually occurred on plants in the form 
of chlorosis, leaf wilting and browning of the vascular system. A 
cross-section of the stem revealed necrosis of the vessels (Fig. 1).

Isolation of cellulase producing fungi: The soil sample 
contained considerable population of the cellulase producing 
fungi. Selective media supported the growth of the fungi by 
using cellulose as the carbon source. Efficient cellulase producing 
fungi isolates were finally selected based on the zone of the 
clearing around the fungi on carboxy methyl cellulase agar 
(CMC agar) plates (Bakare et al., 2005; Immanuel et al., 2006). 
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Fig. 1. HBP: healthy brinjal plant; MWB: moderate wilt brinjal; CWB: completely wilt brinjal; HTP: healthy 
tomato plant; MWT: moderate wilt tomato; CWT: completely wilt tomato  

The appearance of the clear zone 
around the colony when the Congo 
red solution was added to provide 
a strong evidence that the fungi 
produced cellulase in order to 
degrade cellulose (Wood and Bhat, 
1988).

Morphological identification of 
the pathogens obtained from the 
soil sample: The isolated pathogens 
were purified by repeated sub-
culturing on the Potato Dextrose 
Agar medium at regular intervals 
and incubating at 25±2°C. The 
pathogens were identified based 
on the colony morphology and 
microscopic observation (St-
Germain et al., 1996; Collier et al., 
1998) (Fig. 2).

In vitro activity of cellulolytic 
enzyme by F. solani  and  F. 
oxysporum f. sp. lycopersici: F. 
solani and F. oxysporum f. sp. 
lycopersici produced cellulolytic 
enzyme in vitro. The enzyme 
production increased with the 
increase of incubation period. 
The cellulase production was not 
observed in the pathogens under 
test after zero min intervals, while 
the entire time interval showed 
enzymatic activity on 7th, 14th and 
23rd day of inoculation. F. solani 
showed maximum cellulase activity 
after 60 min (61.88 %) on 23rd 
day. However, F. oxysporum f. 
sp. lycopersici showed maximum 
cellulase activity after 20 min 
(62.01%) on 7th day of inoculation. 
The percent loss in viscosity at 
10, 20, 40 and 60 min against F. 
solani was 2.77, 20.72, 31.11 and 
27.74 percent respectively whereas 

Fig.  2. Screening of the soil-borne pathogens viz., PCM (Phase Contract Microscope) and SEM (Scanning Electron 
Microscope); aI and aII Fusarium solani, bI and bII Fusarium oxysporum f. sp. lycopersici
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against F. oxysporum f. sp. lycopersici at same time interval the 
percent loss in viscosity was 21.43, 62.01, 40.62 and 40.45 % 
respectively on 7th day of inoculation. In case of F. solani on 14th 
day the percent loss in viscosity was 14.07 % at 10 min, 15.72% at 
20 min, 36.76% at 40 min and 4.29% at 60 min interval, while F. 
oxysporum f. sp. lycopersici at same time interval showed 11.33, 
3.26, 2.87 and 47.77% respectively. The maximum time interval 
on 23rd day of inoculation the percent loss in viscosity in case of F. 
solani was 20.58% at 10 min, 33.95% at 20 min, 46.45% at 40 min 
and 61.88% at 60 min time interval. F. oxysporum f. sp. lycopersici 
showed percent loss in viscosity after 10 min (18.44%), 20 min 
(28.37%), 40 min (32.79%) and 60 min (6.65%) respectively on 
23rd day of inoculation. Mycelial dry weight also increased with 
the increase of incubation period of the culture medium. The dry 
weight of mycelium was higher in F. solani (1.04 g) on 14th day 
and F. oxysporum f. sp. lycopersici (1.12 g) on 23rd day old culture 
medium (Table 2). 
Table 2. Production of cellulase enzyme by Fusarium solani (FS) and 
Fusarium oxysporum f. sp. lycopersici (FOL) in vitro by Viscometric 
method

Incubation 
time  
(days)

Pathogen Enzyme activity (percent loss in 
viscosity) / Time interval (min)

Mycelial 
dry weight 

(g)0 10 20 40 60
7 FS 0.00 2.77 20.72 31.11 27.74 0.80

FOL 0.00 21.43 62.01 40.62 40.45 0.83
14 FS 0.00 14.07 15.72 36.76 4.29 1.04

FOL 0.00 11.33 3.26 2.87 47.77 0.88
23 FS 0.00 20.58 33.95 46.45 61.88 0.99

FOL 0.00 18.44 28.37 32.79 6.65 1.12

F. solani at 60 min interval on 23rd day and F. oxysporum f. sp. lycopersici 
at 20 min interval on 7th day of inoculation had shown maximum (61.88 
and 62.01%) percent loss in viscosity.

Evaluation of fungicides against pathogens: Table 3 and Fig.  
3 revealed that chlorothalonil (Systemic fungicide) was highly 
effective against F. solani at all the concentrations tested (100, 200 
and 400 ppm) and inhibited the growth by 73.12, 78.79 and 82.34 
% respectively followed by thiophanate methyl (Non-systemic 
fungicide), exhibiting 72.21, 67.00 and 59.00 % growth inhibition 
respectively compared to control. The data further revealed that 
both the fungicides were also effective against F. oxysporum f. 
sp. lycopersici at all the concentration tested. Thiophanate methyl 
was highly effective and inhibited the growth by 77.96, 67.43 

Table 3. Effectiveness of fungicides against F. solani (FS) and F. 
oxysporum f. sp. lycopersici (FOL) at different concentration on 7th day 
of inoculation

Fungicide Concentration 
(ppm)

Pathogens/ Mean colony dia
FS FOL

Thiophanate 
methyl

100
200
400

30.40±1.01
24.47±1.06
22.23±0.64

39.07±1.10
25.40±1.77

15.63±2.01aI
Chlorothalonil 100

200
400

21.50±0.00
16.30±1.04

14.13±0.75aI

26.17±1.15
20.07±0.40
18.90±0.69

Control 80.00±0.00 78.50±0.00
Values are the mean± SE of 3 replicates, significant at P≤0.05
Chlorothalonil on F. solani and thiophanate methyl on F. oxysporum had 
highest inhibiting effect at 400 ppm concentration followed by 200 ppm 
concentration. These fungicides checked the fungal growth by 82.34 and 
80.09 %, respectively at 400 ppm concentration.

Fig. 3. Percent inhibition of F. solani and F. oxysporum f. sp. lycopersici 
by fungicides at different concentration on 7th day of inoculation.
Metribuzin at 400 ppm concentration had highest inhibiting effect on 
both the Fusarium spp. followed by 200 ppm conc. This herbicide 
checked the fungal growth by 74.94 and 62.50%, respectively, at 400 
ppm concentration. 

and 52.84% over control at 400, 200 and 100 ppm concentration 
respectively followed by chlorothalonil, 76.37% at 400 ppm, 
74.91% at 200 ppm and 67.29% at 100 ppm concentration 
respectively compared to control on 7th day of inoculation.

Evaluation of herbicides against pathogens: The percentage 
inhibition of F. solani f. sp. melongena and F. oxysporum f. sp. 
lycopersici by Metribuzin and 2, 4- D (2, 4- dichlorophenoxy 
acetic acid) are presented in Table 4 and Fig. 4. The data 
revealed a significant increase in colony growth reduction of 
both the pathogens with increasing concentration of Metribuzin. 
Metribuzin and 2, 4- D at 400 ppm inhibited the growth of F. 
solani by 62.50 and 44.37% and F. oxysporum f. sp. lycopersici 
by 75.00 and 56.25%, respectively. Metribuzin and 2, 4-D at 200 
ppm inhibited the growth of F. solani by 57.21 and 37.50% and F. 
oxysporum f. sp. lycopersici by 63.75 and 46.00%, respectively. 
On the other hand, at lower concentration (100 ppm), Metribuzin 
and 2, 4-D were least effective and inhibited the growth of F. 
solani by 45.62 and 31.25% and F. oxysporum f. sp. lycopersici 
by 54.59 and 41.21%, respectively compared to control on 7th 
day of inoculation. 

Evaluation of insecticides against pathogens: The percentage 
mycelial growth inhibition of F. solani f. sp. melongena and 
F. oxysporum f. sp. lycopersici at different concentration of 
Dichlorvous (76 % EC) and Prima (Acetamiprid) are presented 
in Table 5 and Fig.  5. The data revealed a significant increase 
in colony growth inhibition of F. oxysporum f. sp. lycopersici at 
400 ppm concentration of both the insecticides. Dichlorvous and 
Prima inhibited the growth of F. solani by 41.67 and 38.12% and 
F. oxysporum f. sp. lycopersici by 56.87 and 53.12%, respectively 
at 400 ppm concentration. At 200 ppm concentration, Dichlorvous 
and Prima inhibited the growth of F. solani by 42.91 and 34.59% 
and F. oxysporum f. sp. lycopersici by 47.96 and 47.50% 
respectively. On the other hand, at lower concentration (100 
ppm), Dichlorvous and Prima were least effective and inhibited 
the growth of F. solani by 30.75 and 28.12% and F. oxysporum 
f. sp. lycopersici by 39.29 and 38.75%, respectively compared 
to control on 7th day of inoculation. 
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and distributed in India in different regions in severe to moderate 
form (Kapoor, 1988). 

The disease severity varied in tomato and  brinjal crop  at different 
locations. There are other reports on disease severity in other parts 
of the countries at different levels (Panwar et al., 1970; Sherf 
and Macnab, 1986; Jiskani et al., 2007; JingHua et al., 2008; 
Nirupama and Singh, 2012). 

Cell wall degrading enzyme: In the present investigation, both 
the pathogens produced cellulolytic enzymes in vitro. F. solani 
showed maximum cellulase activity after 60 min (61.88 %) on 23rd 
day and the activity of these enzymes increased with increase of 
the culture age. However, F. oxysporum f. sp. lycopersici showed 
maximum cellulase activity after 20 min (62.01%) on 7th day of 
inoculation. Similar results were reported by Anand et al. (2008) 
with respect to in vitro percent loss in viscosity of Colletotrichum 
capsici, Alternaria alternata. For successful pathogenesis, the 
pathogen has to overcome the host barriers like cell wall, pectin 
layer and protein matrix (Williams and Heitefuss, 1976). The 
elaboration of an array of cell wall splitting enzymes helps the 
pathogen for easy penetration of the host cell wall and subsequent 
colonization (Goodman et al., 1967).

Cellulose is a major structural constituent of the cell wall of host 
plants. Many phytopathogenic fungi produce cellulases in culture 
which hydrolyse cellulose and its derivatives (Marimuthu et al., 
1974; Muthulakshmi, 1990; De Vries and Visser, 2001; Adeniran 
and Abiose, 2009). Mehta et al. (1974, 1975) also reported high 
cellulase activity in the culture filtrate of virulent A. tenuis and A. 
solani. Another interesting observation in the present study was 
that both the pathogens produced cellulolytic enzymes which 
degraded CMC and cellulose. Tortella et al. (2005) also reported 
that Ganoderma resinaceum and Ganoderma pfeifferi produced 
extracellular enzyme which degraded CMC and cellulose. 

All these cell wall splitting enzymes are mostly adaptive, secreted 
by the pathogen in the presence of appropriate substrates. 
Cellulolytic enzymes were produced only in cellulose containing 
medium. The combination of glucose and pectin (or) polypectate 
induced secretion of endo-PG and endo-PMG in Alternaria 
triticina infected wheat (Jha and Gupta, 1988; Lynd et al., 2002; 
Sukumaran et al., 2005).

The production and activity of cellulolytic enzyme detected in 
vitro suggest their active role in disease development by the 
pathogen in tomato and brinjal crops. Singh and Jain (1979) 
and Jahangeer (2005) reported that the bottle gourd anthracnose 
pathogen (Colletotrichum lagenarium) produced both pectinolytic 
and cellulolytic enzymes. Since both F. solani and F. oxysporum 

Table 4. Effectiveness of herbicides against F. solani (FS) and F. 
oxysporum f. sp. lycopersici (FOL) at different concentration on 7th day 
of inoculation

Herbicides Concentration 
(ppm)

Pathogens/ mean colony 
diameter (mm)

FS FOL
Metribuzin (70% 
WP) or Syncore

100
200
400

43.50±1.32
34.23±1.07

30.00±0.00aI

36.33±0.58
29.00±0.00

20.00±0.00aI
2,4 - D
(2,4-dichlorophenoxy 
acetic acid)

100
200
400

55.00±0.00
50.00±0.00
44.50±0.00

47.03±0.58
43.20±0.00
35.00±0.00

Control 80.00±0.00 79.80±0.00
Values are the mean± SE of 3 replicates, significant at P≤0.05

Table 5. Effectiveness of insecticides against F.  solani (FS) and F. 
oxysporum f. sp. lycopersici (FOL) at different cmoncentration on 7th 
day of inoculation
Insecticide Concentration 

(ppm)
Pathogens/ mean colony 

diameter (mm)
FS FOL

Dichlorvos  
(76% EC) or Nuvan

100
200
400

55.40±0.17
45.67±0.58

41.67±0.29aI

48.57±1.72
41.63±0.51

34.50±0.50aI
Acetamiprid  
(20% SP) or Prima

100
200
400

57.50±0.00
52.33±0.29
49.50±0.00

49.00±0.00
42.00±0.00
37.50±0.00

Control 80.00±0.00 80.00±0.00
Values are the mean± SE of 3 replicates, significant at P≤ 0.05

Fig. 5. Percent inhibition of F. solani and F. oxysporum f. sp. lycopersici 
by insecticides at different concentration on 7th day of inoculation
Dichlorvous at 400 ppm concentration had highest inhibiting effect on 
both the pathogens (FS and FOL) followed by 200 ppm of Dichlorvous. 
This insecticide checked the growth by 56.87 and 47.91%, respectively 
at 400 ppm concentration. 

Discussion
Survey of disease incidence: The Fusarium wilt of tomato (L. 
esculantum Mill) caused by F. oxysporum f. sp. lycopersici (Sacc.) 
Synder and Hansen (FOL) and brinjal (Solanum melongena L.) by 
Fusarium solani is recognized as a devastating disease in major 
tomato and brinjal growing regions worldwide (Beckman, 1987) 
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Fig.  4. Percent inhibition of F. solani and F. oxysporum f. sp. lycopersici 
by herbicides at different concentration on 7th day of inoculation



f. sp. lycopersici are intercellular in the host, the production of 
these enzyme appears to facilitate the dissolution of host cell 
wall and middle lamella and help entry and establishment of the 
pathogen inside the host and are possibly responsible for playing 
a vital role in pathogenesis through cell wall degradation and 
disintegration of tissues.   

Antifungal activity of pesticides
Fungicides: Among the fungicides, Chlorothalonil was highly 
effective against both the pathogens followed by Thiophanate 
methyl. Our results are in conformity with El-Mougy et al. (2004) 
and Harlapur et al. (2007) who reported that fungicides could 
successfully control most of plant diseases. There are several 
fungicidal alternatives commercially used for induction of plant 
resistance against diseases. Several chemicals were reported as 
plant resistance inducers in many root fungal diseases (Abdou 
et al., 2001; El-Bana et al., 2002; Nighat-Sarwar et al., 2005; 
El- Khallal, 2007; Abdel-Monaim, 2008; Mandal et al., 2009).

Fungicidal efficacy of Carbendazim, Captan, Benomyl, 
Triademefon, Propicanzole indicated that systemic fungicides 
were more effective than non-systemic fungicide against 
Ceratocystis fimbriata (Xiujian et al., 2000). Carbendazim, 
Propiconazole (systemic fungicides) and Captan, Mancozeb 
(non-systemic) fungicides were more effective at 0.05% and 0.1% 
concentration against Ceratocystis paradoxa (Vijaya et al., 2007). 
The fungicide mancozeb and captan have been recommended for 
management of leaf spot diseases of Populus deltoids caused by 
Alternaria alternata (Dey and Debata, 2000); leaf spot and blight 
of Syzygium cumini caused by Cylindrocladium quinqueseptatum 
(Mehrotra and Mehrotra, 2000). The efficacy of fungicides 
(Thiophanate methyl and Chlorothalonil) against F. solani and 
F. oxysporum were found to be high as reported by Ravishanker 
and Mamatha (2005). 

Herbicides: Among the herbicides, Metribuzin at 400 ppm 
concentration was found most effective (75%) against F. 
oxysporum f. sp. lycopersici when compared to control. Our 
findings are in accordance with Chindo et al. (2010) who reported 
that herbicide treatments except Metribuzin (6.1%) decreased 
incidence of Fusarium wilt in tomato compared to control. 
Diphenamid and Codal were comparable with minimum incidence 
of Fusarium wilt (4.5% each) but did not differ significantly from 
Galex (5.0%) and also showed that wilt incidence increased 
significantly up to six weeks after transplanting (6.3%). This 
agrees with the findings of Heydari et al. (1998) where two 
herbicides (Pendimethalin and Prometyn) increased the incidence 
of Rhizoctonia-induced cotton seedling damping-off in the field. 
Aggravation of disease due to herbicide might be due to increase 
in number and virulence of the pathogen as suggested by Fletcher 
(1960), or the suppression of populations of disease suppressing 
bacterial and fungal isolates in the rhizosphere (Chindo et al., 
1991; Heydari et al., 1998). 

Insecticides: The percentage inhibition of F. solani and 
F. oxysporum f. sp. lycopersici at different concentration 
of Dichlorvous and Prima are presented in Table 5. There 
was significant increase in colony growth inhibition of F. 
oxysporum f. sp. lycopersici at higher concentration (400 ppm) 
of both the insecticides followed by F. solani. Our results are 
in conformity with Al-Awlaqi (2011) who reported that the 
application of insecticide (Cyperkill) and fungicide (Topas) had 

detrimental effect on the growth and sporulation of Fusarium 
spp. Thippeswamy et al. (2006) also reported that foliar spray 
of carbendazim and mancozeb were effective for the control of 
leaf blight and fruit rot of brinjal. Chemicals containing triazoles 
as active ingredients are the most effective plant protectants 
agents Fusarium species (Mesterhazy et al., 2003; Pandey and 
Singh, 2004; Abd El-Mongy and Abd El-Ghany, 2009). Curtis et 
al. (2011) studied the efficacy of agrochemical treatments with 
three different fungicides combined with an insecticide to control 
Fusarium ear rot of maize. 

In the present study, F. solani and F. oxysporum f. sp. lycopersici 
are intercellular in the host, the production of cellulolytic enzyme 
appears to facilitate the dissolution of host cell wall and middle 
lamella and help entry and establishment of the pathogen in 
the host and are possibly responsible for playing a vital role in 
pathogenesis through cell wall degradation and disintegration 
of tissues. F. oxysporum f. sp. lycopersici produced more 
cellulolytic enzyme than the F. solani indicating the importance 
of the cell wall degrading enzymes in pathogenesis. The systemic 
fungicide (chlorothalonil), herbicide (metribuzin) and insecticide 
(dichlorvous) were most effective against both the fusarial 
pathogens. Therefore, these pesticides can be used to minimize 
the wilt disease of these crops besides improving the yield.  
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