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In vitro study was conducted to evaluate the effect of fourteen selected pesticides
including six fungicides, four insecticides and four herbicides on the growth of a local
strain of Trichoderma harzianum and on possible antagonistic activity of the treated
fungus against Fusarium oxysporum. For compatibility study, each pesticide was
tested at seven concentrations using poisoned food technique. While for the
antagonistic activity study, treated T. harzianum was tested against F. oxysporium
using dual culture technique under laboratory conditions. Significant differences were
observed between the pesticides and the concentration used in the inhibition of
mycelial growth and the inhibition increased with concentration increase. None of the
concentrations tested of wettable sulphur, copper oxychloride, diazinon, cypermethrin,
oxamyl, tribenuron-methyl and metribuzin suppressed the mycelial growth and the
antagonistic potential of T. harzianum against F. oxysporium indicating the possibility
of the integration between these pesticides and T. harzianum without any fear.
However, the use of incompatible pesticides at all tested concentrations such as
penconazole, iprodione, fenarimol and mancozeb and high concentrations of
oxyfluorfen, glyphosate and imidacloprid may lead to inhibition of the growth and the
antagonistic activity of T. harzianum as well as caution must be taken when using these
pesticides in the disease management program. The obtained results will enable choice
of combining T. harzianum with the selected pesticides within integrated disease
management strategy.
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Introduction

biocontrol agent to control a wide spectrum of soilborne plant pathogens (Hajieghrari et al., 2008) and it
is also known to control root-knot nematodes (Radwan
et al., 2012). Trichoderma type fungi have evolved
different mechanisms of action, such as contest with
the pathogen for space and nutrients, inhibition of
pathogen multiplication by secreting antibiotics,
antibiosis, production of fungal cell wall and

Antagonistic microorganisms as biocontrol agents,
offers environmentally safe, durable and cost effective
alternative to chemical pesticides for disease
management (Hallman et al., 2009). One of those
organisms, Trichoderma spp., in particular T.
harzianum, has been developed as a very promising
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nematode cuticle degrading enzymes, reduction of
pathogen population through mycoparasitism, plant
growth improvement and induction of the resistance in
plants toward pathogens have been proposed as
mechanisms for their biocontrol potential (Harman,
2006). However, biological control agent is often
conflicting in its act especially in the field, scarcity of
broad-spectrum disease suppression when compared
with chemical pesticides (Roberts et al., 2005). Indeed,
the bioagent alone will not be feasible to combat the
diseases particularly in the case of severe incidence
(Hildalgo-Diaz and Kerry, 2008). The combined use
of biocontrol agents and chemical pesticides in
integrated disease management (IDM) programs may
be a promising solution to manage such plant diseases
(Locke et al., 1985; Kredics et al., 2003). This
integration may be synergistic or additive in disease
suppression (Locke et al., 1985) and led to reduction
of the amount of applied pesticides, minimizing
environmental contamination hazards and plant
pathogens resistance (Monte, 2001). However, the
antagonistic activity of biocontrol agent may be
influenced by the addition of pesticides and therefore
these chemicals act as an important hindrance for
increasing their role and effectiveness in IDM
programs (Dłużniewska, 2003). There is scarce
information in Libya about the response of the
biocontrol efficacy of Trichoderma spp to commercial
chemical
pesticides.
Therefore,
laboratory
investigations were conducted to evaluate the effects
of some commercial pesticides on the mycelial growth
of a local strain of T. harzianum and on its antagonistic
ability against Fusarium oxysporum f. sp. lycopersici.

seedlings at El-Wesita region, El-Beida city, Libya
(Mohamed and Idris, 2009).
Tested pesticides
Fourteen commercial pesticides which commonly
used in Libya, were used in this study comprising six
fungicides namely; copper oxychoride (Cupravit®
50% WP), fenarimol (Rubigan® 12% EC), iprodione
(Rovral® 50% WP), mancozeb (Diathane® M-45
80% WP) penconazole (Topaz® 10% EC) and sulfur
(Microvit® 80% WP); four insecticides namely;
cypermethrin (Cyperkill® 25% EC), diazinon
(Diazonox® 60% EC) imidacloprid (Confidor® 20%
EC) and oxamyl (Vydate® 24% L) as well as four
herbicides namely; glyphosate (Phomac® 48% SL),
metribuzin (Vapcor® 70% WP), oxyflurofen
(Platinor® 24% EC) and tribenuron-methyl
(Granstar® 75% DF).
In vitro evaluation of some pesticides on the growth
of T. harzianum
Fourteen pesticides were used to evaluate their effect
on the growth of T. harzianum (TM-1). The pesticides
were tested against the bioagent based on active
ingredient using poisoned food technique (Dhingra
and Sinclair, 1995). All pesticides were used at seven
concentrations (1, 5, 10, 50, 100, 500 and 1000 μg/ml).
The pesticide solutions were added to sterilize PDA
medium (150 ml) from stock solution (2000 μg/ml) to
obtain the required concentrations and were totally
mixed. Four Petri plates of each concentration of the
pesticides were prepared by pouring 15 ml PDA
aliquot in each sterilized plate of 90 mm diameter.
After solidification of PDA, 5 mm discs of four days
old PDA cultures of T. harzianum were centered
placed in the plates for inoculation. The control was
inoculated with the fungus without any addition of
pesticide. All plates were incubated at 25 ± 2 oC till the
mycelial growth of the bioagent completely covered
the PDA in control plates (3 days). The radial growth
of the colonies on PDA with and without pesticides
was measured in two directions at right angles to each
other. The percentage of inhibition in mycelial growth
of the bioagent over control was calculated using the
following formula

Materials and Methods
Fungal strains
A local strain of the bioagent, Trichoderma harzianum
(TM-1) used in the present study was isolated from
soil samples collected from a farm in El-Beida city,
Al-Jabal Al-Khader Governorate, Libya, through
serial dilution method on Potato Dextrose Agar (PDA)
medium (Elad and Chet, 1983). The isolate was
identified, based on phenotypic characters according
to the references of Alexopoulos and Mime (1979) and
Bisset (1991). Stock pure cultures of the test fungus
were maintained on PDA slants and stored at 4°C until
use. This strain (TM-1) has been shown antagonistic
action against Fusarium oxysporum f. sp. Lycopersici
(FM-1) which was isolated from greenhouse tomato
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Mycelia growth inhibition (%) = (C-T/ C) x 100
Where C = average diameter of fungal colony in the
control, and T = average diameter of fungal colony in
treatment group.
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Effect of pesticides on the antagonistic action of T.
harzianum against F. oxysporum
To understand if the actual effect of pesticides is
permanent or temporary, the pesticides treated fungus
was grew on pesticide free medium for the recovery
(72 h), after this period the possible antagonistic
activity of the fungus against Fusarium oxysporum f.
sp. Lycopersici was investigated. The antagonistic
activity of the treated T. harzianum with fungicides at
concentrations of 1, 5 and 10 μg/ml as well as with
insecticides or herbicides at 100, 500 and 1000 μg/ml,
was evaluated against the pathogenic fungus, F.
oxysporum by dual culture technique (Morton and
Stroube, 1955). Discs of 5 mm of seven days old
culture of the F. oxysporum were placed on PDA
plates on one side, 2.7 cm away from the edge of the
plate. The discs of the recovered bioagent were placed
in the same petri plate opposite side 6 cm apart.
Inoculum of the pathogen and inoculum of the
bioagent for control combination were sampled from
cultures grown on the medium with no pesticide
added. Plates having only pathogen served as control.
The experiment was designed as a completely
randomized with four replication for each treatment
and the experiment was repeated twice. All plates were
incubated at 25 ± 2 oC for 7 days after inoculation. The
radial growth of the pathogen from the disc towards
the center of the plate was recorded when the control
plates were completely covered with mycelial growth
of the pathogen. The percentage of inhibition in
growth of the pathogen in the presence of bioagent was
calculated over control as follows:
I = (C-T/C) x 100
Where I is inhibition of radial mycelial growth; C is
radial growth measurement of the pathogenic fungus
in control; T is radial growth of the pathogenic fungus
in the presence of treated T. harzianum.

In vitro effect of some pesticides on mycelial
growth of T. harzianum
As shown in Table 1, all the tested pesticides exerted
varying degrees of inhibition in mycelial growth of the
local strain T. harzianum. Out of six fungicides tested,
wettable sulfur and copper oxychloride proved most
compatible with T. harzianum. Compared to the
control, these fungicides did not exert any lethal effect
on the bioagent up to the concentration of 500 μg/ml
and even >1000 μg/ml concentration seems under safe
tolerance limit (IC50) which exhibited least growth
inhibition of 4.03 % and 31.94%, respectively.
Conversely, the bioagent was found most sensitive to
penconazole, iprodione, fenarimol and mancozeb.
Tolerance limits (IC50) of these fungicides were < 1,
2.9, 3.6 and 17 μg/ml, respectively. This indicates that
these tested fungicides were lethal to the tested fungus
and proved completely incompatible and are not
suitable for integration with the bioagent (Table 1).
Among the insecticides tested, the bioagent also
showed good compatibility with cypermethrin,
diazinon and oxamyl. No inhibition of bioagent
growth was recorded up to the concentration of 1000
μg/ml of these insecticides while tolerance limits
(IC50) of these chemicals were >1000 μg/ml. Only
cypermethrin inhibited just 41.67% growth of T.
harzianum at 1000 μg/ml concentration (Table 1). For
the herbicides tested, metribuzin, tribenuron-methyl
and glyphosate proved good compatible with the local
T. harzianum strain and reduced maximum growth
(IC90) at the concentration of >1000 μg/ml, while IC50
of these herbicides were >1000, >1000 and 940 μg/ml,
respectively. No inhibition of bioagent growth was
recorded up to the concentration of 1000 ppm
tribenuron-methyl,
whereas
metribuzin
and
glyphosate inhibited 40.28% and 53.47% growth of T.
harzianum at 1000 μg/ml, respectively comparable to
the control. On the contrary, oxyfluorfen was less
compatible with bioagent which exhibited toxicity
towards its growth, with inhibition percent of 83.33 at
the highest concentration of 1000 μg/ml. The IC50 and
IC90 values of this herbicide were 54 and >1000 μg/ml
(Table 1).

Statistical analysis
Data were subjected to the analysis of variance
(ANOVA) test except data of the radial growth of
bioagent were arc sin transformed before being
subjected to analysis. The least significant differences
(LSD) at the 5% level of probability were used for
comparison between means (Gomez and Gomez,
1984). Probit analysis outlined by Finney (1971) was
made to determine the 50% and 90% inhibitory
concentration (IC50 and IC90, respectively) of each
pesticide.

Results
Asian J Agri & Biol. 2017;5(4):291-302.
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Table – 1: In vitro compatibility of Trichoderma harzianum with different concentrations of some commonly used pesticides
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harzianum compared to the control (Fig. 1). Regarding
the insecticides, the results given in Fig. 2 show that
cypermethrin, oxamyl or diazinon at the
concentrations tested (100, 500 and 1000 μg/ml) did
not significantly affect the antagonistic activity of T.
harzianum against F. oxysporum compared to the
control. A significantly reduced of the antagonistic
ability of T. harzianum was observed only after the
application of high imidacloprid concentrations (500
and 1000 μg/ml). As shown in Fig. (3), tribenuronmethyl at the concentrations tested (100, 500 and 1000
μg/ml) did not significantly affect the antagonistic
activity of T. harzianum against F. oxysporum
compared to the control. Either oxyfluorfen or
metribuzin at the concentrations of 100 and 500 μg/ml
did not significantly affect the antagonistic ability of
T. harzianum compared to the control. Whereas the
antagonistic ability of the bioagent was not affected by
glyphosate at the concentration of 100 μg/ml. In
general, oxyfluorfen and metribuzin have lower effect
in reducing the antagonistic activity of T. harzianum
than glyphosate.

Effect of tested pesticides on the antagonistic
activity of the fungus T. harzianum against F.
oxysporum
Results from the dual culture assay showed that T.
harzianum as antagonistic microorganism inhibited
the mycelial growth of F. oxysporum, with varying
efficiencies according to the pesticide concentrations
exposed to the fungus. The local isolate of the
bioagent, T. harzianum showed reasonable
antagonistic activity against the pathogenic fungus, F.
oxysporum, where the percent inhibition in growth of
F. oxysporum in the presence of the bioagent was
about 70% (Figures 1, 2 and 3). Compared to the
control, none of either copper oxychloride or wettable
sulfur concentrations used resulted a significant effect
on the antagonistic ability of T. harzianum towards F.
oxysporum. Fenarimol and penconazole significantly
reduced growth inhibition of F. oxysporum and this
means reduced the antagonistic ability of T. harzianum
when treated with the concentration of 10 μg/ml.
While its antagonistic activity significantly reduced
when treated with mancozeb at the concentrations of 5
and 10 μg/ml. On the other hand, all tested
concentrations of iprodione were highly effective as
they significantly reduced the antagonistic ability of T.
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Fig – 1: Effect of some fungicides on the antagonistic activity of Trichoderma harzianum against Fusarium
oxysporum f. sp. lycopersici: (A) Fenarimol: (B) Penconazole; (C) Copper oxychloride; (D) Mancozeb: (E)
Iprodione and (F) Wettable sulfur. Bars represent means (n=4) and vertical lines the standard deviation
(SD). * Significantly different at p < 0.05 over their respective controls.
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Fig – 2: Effect of some insecticides on the antagonistic activity of Trichodema harzianum against Fusarium
oxysporum f. sp. lycopersici. (A) Imidacloprid (B) Cypermethrin; (C) Diazinon and (D) Oxamvl. Bars
represent means (n = 4) and vertical lines the standard delation (SD). * Significantly different at p < 0.05
over their respective controls.
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Fig – 3: Effect of some herbicides on the antagonistic activity of Trichoderma harzianum against Fusarium
oxysporum f. sp. lycopersici: (A) Metribuzin; (B) Oxyfhiorfen; (C) Tribenuron- methyl and (D) Glyphosate.
Bars represent means (n = 4) and vertical lines the standard deviation (SD). * Significandy different at p <
0.05 over their respective controls.

Discussion

Sharma, 2010; Sarkar et al., 2010 and Tapwal et al.,
2012). These findings may be due to this native fungus
is able to degrade the two contact fungicides (Bhosale
et al., 2015). In our study, however, penconazole a
member of triazole fungicides, has more deleterious
effect which completely inhibited the mycelial growth
of T. harzianum. Similarly, penconazole was found to
be incompatible with the bioagent with 87.41%
growth inhibition was recorded at 25 μg/ml (Sushir et
al., 2015). The obtained results of iprodione are
consistent with the findings of Saxena et al., (2014)
who reported that iprodione was not found to be
compatible with T. harzianum even at 25 μg/ml, as it
adversely inhibited the growth of the test antagonist by
83.1 %. Fenarimol at 800 μg/ml was toxic to both

A biocontrol agent T. harzianum, in addition to being
as a key component of IDM program, must also be
adaptable to modern crop agricultural practices such
as pesticides. Therefore, it has become essential to
verify the compatibility of the bioagent with chemical
pesticides. Different concentrations, lower or higher
that of recommended field dosage revealed varying
effects of chemical pesticides on the growth of the
strain of T. harzianum and on its antagonistic activity
against F. oxysporum f. sp. lycopersici. In the present
study, the fungicides; copper oxychloride and wettable
sulphur were found to be non-lethal to T. harzianum
and highly compatible with it (Likewise, Gaur and
Asian J Agri & Biol. 2017;5(4):291-302.
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spores and mycelium of T. viride (Baicu, 1982) concur
the present findings. The obtained results regarding to
the fungicide, mancozeb supported by a study of
Mclean et al., (2001) who stated that T. harzianum was
extremely sensitive to this compound in terms of the
complete
percent
inhibition.
However,
Ranganathswamy et al., (2012) showed that mancozeb
was moderately compatible with Trichoderma
isolates. Tapwal et al. (2012) also reported
compatibility of Trichoderma sp with Dithane M-45
up to 300 μg/ml. Lower concentrations of mancozeb
did not affect the radial growth of T. harzianum,
whereas concentration above 8000 μg/ml was
significantly reduced its growth (Bhale and Rajkonda,
2015). Cypermethrin and diazinon were found to be
compatible with T. harzianum in the present study,
which is supported by Baicu (1982) who reported that
these pesticides were non-toxic to both the spores and
the mycelium of T. viride. Imidacloprid has no adverse
effect on T. harzianum at the low concentrations up to
100 μg/ml, while it was found to be detrimental at the
two higher concentrations (500 and 1000 μg/ml). It
was moderately compatible with the bioagent and
reduced maximum growth (IC90) at the concentration
of >1000 μg/ml, while IC50 value of this insecticide
was 470 μg/ml (Table 1). Our findings are in harmony
with those of Kumar et al., (2008) who reported that
the radial growth of T. viride was less at higher
concentrations of imidacloprid up to 72 h.
Furthermore, Madhavi et al., (2008) reported that both
T. harzianum and T. viride showed high compatibility
with imidacloprid at concentration of 250 μg/ml. The
low impact of imidacloprid on the fungus may be due
to the ability of the fungus to degrade the pesticide
especially in the case of low concentrations. This
result is consistent with the findings of Tamilselvan et
al., (2008) who found that the degradation rate of
imidacloprid by the fungus T. viride was faster in
lower concentrations than in higher concentrations.
Soil fungus, Trichoderma spp. degraded diazinon to
water soluble metabolites (Matsumura and Boush,
1968), degraded cypermethrin up to 100 μg/ml
(Bhosle et al., 2013) and also degraded oxamyl when
the fungus exposed to low dose of gamma radiation
(Afify et al., 2013). The T. harzianum in the present
study may be used the degradation products of these
chemical pesticides as carbon and nitrogen source for
their growth and activity. In our study, metribuzin was
found to be safer up to 1000 μg/ml where the growth
inhibition of T. harzianum was 39.35%. These results
are in agreement with that reported by Shrivastava
Asian J Agri & Biol. 2017;5(4):291-302.

(2015) who found that metribuzin at the half
recommended dose, recommended dose and double
recommended dose, was not found to have any
inhibitory effect against Trichoderma sp. Tribenuronmethyl is one of the sulfonylurea based herbicides
used in the present study with no adverse effect against
the bioagent. Similarly, Ciraj (1996) concluded that
this group of herbicides had no significant deleterious
effect on Trichoderma spp., and in some cases they
stimulated growth of the fungi. Indeed, Trichoderma
spp. were the most frequently isolated fungi from
sulfonylurea herbicide treated soils (He et al., 2006).
In our study, glyphosate had only a slight effect, in
which the mycelial growth inhibitions were 47.22 and
53.47 % for 500 and 1000 μg/ml, respectively. This
finding confirmed the published reports in which the
radial growth of T. atroviride was not affected by
glyphosate compared to control (Santoro et al., 2014).
Also, Bhosale et al., (2015) proved that T. harzianum
was able to degrade glyphosate at 300 μg/ml. In
contrast, the obtained results did not agree with those
reported by Chattannavar et al., (2006) who found that
glyphosate suppressed the mycelial growth of T.
harzianum by 73.81%. In the present study,
oxyfluorfen had an inhibitory effect on the mycelial
growth of T. harzianum, with percent inhibition
increasing with the increase of its concentration. Also,
oxyfluorfen had toxicity towards T. harzianum where
the growth inhibition was 36.66% at 500 μg/ml
(Sushir, 2001). Higher doses of oxyfluorfen have
reduced the radial growth of the bioagent, whereas no
adverse effect was observed at lower doses of the
herbicide (Shrivastava, 2015).
Several mechanisms of direct and indirect
antagonistic properties have been reported
for Trichoderma spp. against pathogens (Harman,
2006). In our study, the insecticides; cypermethrin,
oxamyl and diazinon and the fungicides; copper
oxycloride and wettable sulphur as well as with some
extent the herbicides; metribuzin, oxyfluorfen and
tribenuron-methyl showed no deleterious effect on the
antagonistic potential of T. harzianum against F.
oxysporum. These results are in agreement with the
results of Baicu (1982) who reported no common
action of cypermethrin and diazinon against F.
graminearum when associated with T. viride. In
contrary, Dłużniewska (2003) found that copper
oxychloride (Miedzian 50 WP) showed most
unfavorable to the antagonistic activity of
Trichoderma spp. towards Botrytis cinerea, F. solani
and Rhizoctonia solani. Anderson (1978) declared
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that soil fungi are less sensitive to herbicides and
insecticides than fungicides. Similarly, in our
investigation the local isolate of T. harzianum showed
greater adverse effect with systemic fungicides than
with herbicides and insecticides because of these
systemic fungicides were not only safe to mycelial
growth of the fungus but also to its antagonistic ability
against the pathogenic fungus, F. oxysporium.
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Conclusion
The results demonstrated that the tested pesticides
caused different levels of growth inhibition of T.
harzianum and of the antagonistic activity the treated
bioagent against the pathogenic fungus, F.
oxysporium. These differences may be due to the type
of pesticide used and their concentrations as well as
varies according to the sensitivity of the local strain
fungus to the pesticide. None of the concentrations
tested of wettable sulphur, copper oxychloride,
diazinon, cypermethrin, oxamyl, tribenuron-methyl
and metribuzin inhibited either T. harzianum growth
or the antagonistic potential of this bioagent against F.
oxysporium indicating the possibility of the
integration between these pesticides and T. harzianum
without any fear. However, the use of incompatible
pesticides at all tested concentrations such as
penconazole, iprodione, fenarimol and mancozeb and
high concentrations of oxyfluorfen, glyphosate and
imidacloprid severely affected the growth and the
antagonistic activity of T. harzianum and caution must
be taken when using these pesticides in IDM program.
Under the experimental conditions, the current
findings will supply the literature with more
information in this context and the obtained results
will enable choice of combining T. harzianum with the
pesticides within IDM strategy. To confirm these
results, further research under greenhouses and field
conditions need to be investigated.
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