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ABSTRACT:

Fungicides were used successfully for management of different plant diseases
worldwide. According to the different human and environmental concerns using of fungicides
were mandatory limited. Integration between bio-control agent (Trichoderma) and fungicides
was important options. For most effective potential, it is preferred that bio-control agent was
tolerant or compatible with the desired used fungicide. In this study, sensitivity of 11
different Trichoderma isolates toward different concentrations of chlorothalonil fungicide
compared with Fusarium culmorum and acquisition resistance potential of these isolates
toward chlorothalonil were measured. Results showed that all tested Trichoderma isolates
positively inhibited F. culmorum mycelium growth in vitro. obtained results cleared that both
of Trichoderma isolates and F. culmorum were sensitive and no tolerance potential against
chlorothalonil was recorded. After using adaptation technique results showed that tolerance
potential of all tested Trichoderma isolates toward chlorothalonil was significantly increased.
Thus, Acquisition of Trichoderma resistance potential toward chlorothalonil can be used for
integrated diseases management.
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INTRODUCTION:

Approximately 50,000 species of plant pathogens cause an estimated of a 13% loss
Worldwide (Pimentel, 2009). Different organic and non-organic compounds are used all over
the world to protect important crop plantation from invasion of hazardous pests and parasites.
Chlorothalonil (2,4,5,6-tetrachloroisophthalonitrile) is considered one of the most wide
spectrum and non-selective fungicides which is in a wide use in agricultural practices and
management protocols to control plant pathogenic fungi. In 1955, Chlorothalonil was
registered for the first time in United States and within the next two decades became the third
most used fungicide after sulfur and cupper (Gianessi and Marcelli, 2000). During the
period from 1990 to 1996, it was estimated that more than 6.8 million kg of chlorothalonil
were used annually only in United States (US EPA 1999). Chlorothalonil is belonging to
organochlorine pesticides (OCPs) compounds which are used generally to control different
plant diseases including mold, mildew, root rot and other various fungal diseases (US EPA,
1999). The wide use of these compounds (OCPs) had attracted the attention of scientists and
biologists especially regarding to environmental concerns may be due to it is ability to persist
in soils for decades (Hussen et al., 2007; Kumar et al., 2011). Moreover, recent studies
(Behfar et al., 2013; Nakata et al., 2002) demonstrated that organochlorine pesticides
affecting negatively not only environment conditions but also human health. On the other
hand, Trichoderma genus was known as one of the most predominant mutualistic biocontrol
agents that used in most of organic agriculture systems. Vinale et al., (2007) reported that
Trichoderma species are the most frequent isolated fungi from plant root ecosystem. The
backlog accumulation of fungicides and many pesticides in the soil increases the risk of
deleterious effects on many organisms present in this ecosystem as well as on biological
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processes (Devashree et al.,2014). It is a great worthy to mention that Trichoderma tangled
in many soil-forming processes and many soil functions like organic matter transformation,
stabilization of soil aggregates and the circulation of elements play an important role in
maintaining adequate soil fertility.

Chlorothalonil is one of the utmost universally used fungicides. This is a synthetic
fungicide belong to chlorinated benzonitriles. It was originally registered in the United States
of America in 1966. The mode of actions of Chlorothalonil is through the inhibition of
cellular enzymes responsible for respiration in the fungal cells (Shi et al., 2011).
Chlorothalonil is highly efficient in protecting many host plants against certain fungal
diseases caused mainly by Phytophthora infestans and Alternaria solani and prevents the
germination of many fungal spores (Leitdo et al., 2014). It is highly toxic to many aquatic
organisms including fish, and many invertebrates, countless birds, and moreover to human
being as well. Chlorothalonil can cause inflammation of the skin as well as eyes and trigger
off many gastrointestinal disorders (Wang et al., 2011). Additionally, chlorothalonil is also
counted a carcinogen worldwide (Wang et al., 2011). Moreover, Leitdo et al., (2014) stated
that the half-life of chlorothalonil is reached up to three months in many soils under
laboratory conditions, whilst in the field conditions it reaches up to 70 days. It is true that the
decomposition of chlorothalonil in the soil is a very complicated process through the fungal
and bacterial bioremediation and this can happen in the soil up to 30 days. Moreover, the
continual usages of chlorothalonil in many field crops worldwide, it can be detected in the
soil for three months till 1 year (Chaves et al., 2008). Furthermore, chlorothalonil residues
are frequently detected in many field crops, and many vegetables and fruits worldwide
(Chaudhuri et al., 2013).

Recently 89 species belonging to anamorph stage of Trichoderma fungus were
identified (Samuels, 2006). Trichoderma as bio control agents have been developed for
different commercial products for plant pathogen control (Woo et al., 2014).The predominate
of these kinds of beneficial organisms along with their high potential as innovative and
premium bio-control agents (Hewedy et al.,2020) led to depending on them not only in
organic agriculture where no chemical pesticides compounds can apply but also in most of
integrated pest management (IPM) techniques to protect economic plants from infection of
pathogenic microorganisms. In such these protocols combination between chemical pesticide
and bio-control agents are used to reduce pesticide applications. Several previous studies
demonstrated the integration between bio- control agents and fungicides in plant disease
control. (Eisa and El-Feky, 2014; Hu et al., 2016; Ons et al., 2020). So that, selecting
resistant races of bio-control agents against wide use chemical pesticides gains special
importance to avoid adverse effects on successful of biological control process.

The objectives of the present study is aiming to (i)Testing sensitivity of 11 different
Trichoderma isolates belonging to the four different species i.e., Trichoderma harzianum, T.
hamatum, T. viridi and T. koningii toward different concentrations of chlorothalonil fungicide
compared with Fusarium culmorum the causal fungus of head blight disease of
wheat.(ii)Acquisition of Trichoderma isolates high resistance potential toward effective
concentrations of chlorothalonil without affecting their bio-control potential.

MATERIALS AND METHODS
Trichoderma isolates

Trichoderma isolates showing typical morphological and microscopic characterization
corresponding to Trichoderma genus were isolated from rhizosphere of different host plants
grown in many fields cultivated with many crops. Identification of Trichoderma isolates up to
species level was carried out at department of plant pathology, Faculty of Agriculture;
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Menoufia University based on Gams and Bissett (2002) Key. Single spore technique was
used to obtain pure cultures of identified Trichoderma isolates. Pure cultures were railed on
Potato Dextrose Agar media (PDA) amended with 150 mg of chloramphenicol antibiotic and
stored at -20°C for further investigations.

Exposure of isolates to ionizing radiation to obtain new genotypes.

The obtained Trichoderma isolates were exposed to different doses of gamma radiation
by irradiated 7 days old culture with doses of 0.0, 0.02; 0.05; 0.1; 0.25; 0.5; 1.0; 2.0 and 5.0
KGy. Radiation treatments were carried out with J 6600-Cobalt-60 Irradiator, Atomic Energy
Authority, Cairo, Egypt.

Table (1) key of 11 tested Trichoderma isolates adapted to gain resistance against
chlorothalonil fungicide.

Serial Code Name
1 Tl Trichoderma veridi, wild type
2 T1G1 | T.veridi Mutation 1
3 T2 Trichoderma harzianum wild type,
4 T2G1 | T. harzianum mutationl
5 T2G2 T. harzianum mutation2
6 T3 Trichoderma longibrachiatum, wild type
7 T3G1 | T. longibrachiatum mutation 1
8 T3G2 | T. longibrachiatum mutation 2
9 T4 Trichoderma koningii, wild type
10 T4G1 | T. koningii mutation 1
11 TA4G2 | T. koningii mutation 2

Source and inoculum of the causal organism

All in vitro and in vivo tests were conducted using standard tester isolates of F.
culmorum which was provided by CIMMYT (International Maize and Wheat Improvement
Centre), Turkey. This isolate showed the most aggressiveness and severed infection
symptoms on different wheat cultivars. Pure sub-cultures of pathogenic F. culmorum isolate
were maintained on PDA amended with Chloramphenicol and stored in -20 deep freezer for
next investigations. For the upcoming experiments, used fungi re-cultured continuously on
PDA plates to provide a fresh mycelium. the coming experiments used fungi re-cultured
continuously on PDA plates to provide a fresh mycelium.

Fungicide and Chemicals Used

Bravo fungicide (70% Chlorothalonil) was purchased from Syngenta, Turkey. while all
other chemicals i.e., PDA, agar and antibiotics were purchased from Sigma-Aldrich.

In-Vitro Bio-Control Activity

Bio-control potential of the tested Trichoderma isolates against F. culmorum was
determined using dual culture technique. One cm in diameter fresh mycelium of each
individual Trichoderma isolate was placed at one side (1 cm from the edge) of 9 cm Petri
dishes containing 50% PDA medium. Similar disk in size (1cm in diameter) of F. culmorum
isolate was placed on the opposite side of the inoculated Petri dishes. Control plates were
inoculated only with equal disks of only F. culmorum isolate without Trichoderma disks.
Three replicates were made for each treatment. All plates were incubated at 24-25°C.
Experiment was terminated when F. culmorum mycelial growth covered control plates.
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Radial growth of both Trichoderma and Fusarium isolates, inhibition zone, sporulation
potential and overgrowth type of Trichoderma isolates were recorded.

Microscopic examination of interaction between Fusarium culmorum and Trichoderma
isolates

Half cm in diameter disk of each individual Trichoderma isolate reread on PDA media
was placed at one side on glass slide placed in 9cm petri dish containing 1.5% agarose gel.
Similar disk in size (0.5cm in diameter) taken from F. culmorum pure culture was placed on
the opposite side of the glass slide. All plates were incubated at 24-25C till intermingling
between Fusarium and Trichoderma isolates. Glass slide was cut through and removed from
Petri dishes before investigated using light microscope at magnification power 400x.

Sensitivity to chlorothalonil Fungicide

Sensitivity of both Trichoderma isolates and F. culmorum isolates toward
Chlorothalonil fungicide was evaluated under in-vitro conditions. Chlorothalonil stock
solution was prepared with concentration of 1mM (266mg / L=147.78pL/L) and stored in the
dark till using. For obtaining the desired concentrations i.e. 0.1, 0.2, 0.4, 0.8 and 1.2 uM from
chlorothalonil immediately prior the test.

One disk (1cm) from each Trichoderma isolates as well as from F. culmorum isolate
was transferred individually into centers of Petri dishes (9cm, in diameter) containing
50%PDA media treated with EC50 dose (1.2 [UM) of chlorothalonil. Three replicates were
made for each isolate. Petri dishes containing only 50% of PDA media without fungicide
were used as control. All dishes were incubated in growth chambers lighted for 12 hours/day
with double florescent and violet lambs. Experiment was terminated when fungal growth was
completed with any of the control plates. Radial growth of each isolate either with treated or
un-treated plates with fungicide was recorded and growth reduction was calculated based on
the following equation:

x100

Percentage of Growth Reduction =

While C= Average of radial growth within control plates and T=Average of radial growth
within fungicide treated plates.

Acquisition of Trichoderma isolates resistance toward chlorothalonil

To increase the tolerance potential of selected Trichoderma isolates toward
chlorothalonil gradient concentrations (0.1, 0.2, 0.4, 0.8 and 1.2 uM) technique was used.
Individual disks (1 cm in diameter) from Trichoderma isolates treated originally with 1.2 uM
of chlorothalonil (EC50 dose) were sub-cultured first on PDA medium amended with 0.1 pM
of chlorothalonil and incubated at 25 °C. After each 72 hours, new disks were taken from
cultures treated with the lower concentration and transferred into plates treated with next
higher concentration up to the higher used concentration. For example, isolates grown on
cultures treated with 0.1 pM and incubated at 25 °C for 72 hours then mycelium disc
transferred into plates treated with 0.2 uM of fungicide and incubated at 25 °C. After 72 hours
individual disks were transferred into dishes treated with 0.4 uM etc.

Evaluation of Acquisition of Trichoderma isolates resistance toward chlorothalonil

To confirm the potency of acquisition resistance toward chlorothalonil, In-Vitro
experiment was conducted to determine the radial growth of four different Trichoderma wild
isolates (T1. T2. T3 and T4) and seven different modified Trichoderma genotypes (T1.G1,
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T2.G1, T2.G2, T3.G1, T3.G2, T4.G1 and T4.G2) and recorded with one F. culmorum isolate
(Fus.) in PDA amended with (0.8uM) chlorothalonil compared with the same isolates but
cultured on non-amended PDA plates.

RESULTS
Bio-Control Efficiency:

Antagonistic potential of four different Trichoderma isolates belonging to four
Trichoderma species i.e., Trichoderma viride, T. harzianum, T. longibrachiatum and T.
koningii (T1, T2, T3 and T4) in addition to Seven modified genotypes i.e., T1.G1, T2.G1,
T2.G2, T3.G1, T3.G2, T4.G1 and T4.G2 was determined under in vitro condition against F.
culmorum the causal pathogen of wheat crown rot (fig.1). The results showed that all tested
Trichoderma isolates positively affected and inhibited the mycelium growth of pathogenic
Fusarium under test conditions in comparison with F. culmorum alone. The highest reduction
percentage of F. culmorum was recorded with T2.G1 and T3.G2 isolates by 75% followed by
T2.G2, T3.G1 isolates by 70% while the least reduction percentage was recorded with T2, T3
and T4 isolate by 60% as presented in fig (2).

Figure 1. Dual culture test conducted with four different Trichoderma wild isolates (T1. T2. T3 and T4) and six
different modified Trichoderma genotypes (T2.G1, T2.G2, T3.G1, T3.G2, T4.G1 and T4.G2).
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Fusarium growth reduction by 7richoderma isolates

Tl. wild T1.G1 T2.wild T2.G1 T2.G2 T3.wild T3.G1 T3.G2 T4.wild T4.G1 T4.G2
type type type type

% of Fusarium growth reduction

Figure 2. Reduction percentage of F. culmorum conducted with four different Trichoderma wild isolates (T1. T2.P
T3 and T4) and six different modified Trichoderma genotypes (T2.G1, T2.G2, T3.G1, T3.G2, T4.G1 and
T4.G2) under in vitro conditions.

Microscope examination of interaction between F. culmorum and Trichoderma

Microscope examination was done using light microscope at the intermingling zone
between F. culmorum and Trichoderma isolates to infer size the mode of action and possible
interactions between the two interacting fungi. The captured micrographs showed that
Trichoderma hyphae are attached longitudinally to F. culmorum hyphae and forming hyphal
coiling then hyphal penetration. Our results revealed that the Trichoderma tolerant
chlorothalonil is a good mycoparasitic organism as we investigated the hyperparasitism of T.
harzianum by forming appressoria over the pathogenic hyphae of F. culmorum by tightly
coiling around it within 48 hours. We have to mention that the pathogenic fungus was
inhibited completely, while the biocontrol agent i. e. Trichoderma was multiplied efficiently
by conidiogenesis. We noticed mycoparasitic activities as well as antibiosis against the
pathogenic fungus. In Fig.3, the microscopic observations on hyphal interaction showed
obviously that biocontrol agent or the antagonist Trichoderma, sometimes grew parallel to the
pathogen hyphae, then coiled around and penetrated the hyphae of the Fusarium by producing
a hook or a knob-like structure (appressorium) as shown in microscopic figures.

Figure 3. In vitro interaction between F. culmorum and Trichoderma
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Resistance potential against chlorothalonil fungicide

Sensitivity of 11 different Trichoderma isolates in addition to pathogenic F. culmorum
toward chlorothalonil fungicide was determined using Ec50 dose. The obtained results
revealed that all tested fungal isolates were sensitive and no tolerance potential against
chlorothalonil was detected. The mycelial growth reduction was ranged from 28.95% -
63.75% with the tested Trichoderma isolates while it reached up to 32.87% with F. culmorum
isolate (fig.4).

Acquisition of Trichoderma isolates resistance toward chlorothalonil

To stimulate the tolerance potential of Trichoderma isolates toward chlorothalonil, the
isolates were grown on plats treated with Ec50 dose and consequently sub-cultured on serial
ascending concentrations of the fungicide i.e., 0.1, 0,2, 0,4 and 0,8uM. The recorded results
with isolates transferred from Ec50 dose to concentration of 0.1uM, illustrated that the
inhibitory effect of fungicide on growth of both Trichoderma and Fusarium isolates was still
detectable (table 2). The highest mycelial reduction (33,77%) was recorded with isolate
T2.G2 followed by isolate T4.G2.(30%) while the lowest reduction (6,77%) was observed
with isolate T2.G1. The inhibition percentage was reached up to 29,37% with pathogenic F.
culmorum isolate (fig.5).

Figure 4. Radial growth recorded with one F. culmorum isolate (Fus.), four different Trichoderma wild isolates
(T1. T2. T3 and T4) and six different modified Trichoderma genotypes (T2.G1, T2.G2, T3.G1, T3.G2,
T4.G1 and T4.G2) cultured on PDA dishes treated with (1.2uM= EC50) chlorothalonil.

Similar results were recorded with isolates transferred from plants treated with 0.1uM
to plats amended with 0.2uM of chlorothalonil. However, the results showed that T3. G2 and
T4.G1 were considered the most tolerant isolates among all tested Trichoderma isolates.
Thus, the inhibitory effect of fungicide was recorded 0,27% and 0,96%, respectively (fig.6,
fig.7, fig.8, fig.9 and fig.10). The final results revealed that the tolerance potential of all
Trichoderma isolates tested toward chlorothalonil was increased thus the negative influence
of fungicide on Trichoderma isolates growth parameters was decreased significantly as a
result of the adaptation technique used in present study (fig.11). Moreover, the results
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demonstrated that the obtained genotypes using radiation technique was superior in resistance
potential against chlorothalonil compering to wild types (fig.11). remarkably, the reduction
percentages of Trichoderma radial growth were dropped from more than 55% pre-adaptation
to zero % after adaptation procedure as recorded with most of Trichoderma generated
genotypes (fig.11).

Table (2): Inhibition percentage of 11 different Trichoderma strains cultured on PDA media
amended with gradual concentrations (0.1, 0.2, 0.4,0.8, 1, 1.2 uM) of chlorothalonil.

Serial Inhibition (%)

No. code 0.1uM 0.2uM 0.4uM 0.8uM 1uM 1.2uM=Ec50
1 T1 26.27 21.51 4.48 0.00 42.37 0.00
2 1M1 20.24 25.00 26.00 26.00 35.71 26.00
3 T2 23.39 39.76 5.61 2.94 54.39 13.89
4 2M1 6.77 5.88 3.02 6.67 34.59 0.00
5 2M2 33.77 571 3.98 8.63 50.99 0.00
6 T3 17.68 6.49 -0.22 0.00 56.71 0.00
7 3M1 29.88 22.50 0.00 0.00 48.17 0.00
8 3M2 9.21 -0.27 2.46 0.00 28.95 0.00
9 4 16.25 68.10 7.14 5.88 63.75 23.11
10 4M1 20.47 -0.96 3.54 0.00 47.37 0.00
11 4M2 30.00 -2.50 -23.84 1.96 24.00 0.00
12 Fusarium 2937 | eveveee | eeeeen 7.95 32.87 48.89

Figure 5. Radial growth recorded with one F. culmorum isolate (Fus.), four different Trichoderma wild isolates
(T1. T2. T3 and T4) and seven different modified Trichoderma genotypes (T1.G1, T2.G1, T2.G2,
T3.G1, T3.G2, T4.G1 and T4.G2) cultured on PDA dishes treated with (0.1pM) chlorothalonil.
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Figure 6. Radial growth recorded with one F. culmorum isolate (Fus.), four different Trichoderma wild isolates
(T1. T2. T3 and T4) and six different modified Trichoderma genotypes (T1.G1, T2.G1, T2.G2, T3.G1,
T3.G2, T4.G1 and T4.G2) originally cultured on PDA dishes and transferred to PDA plates (A) and to
PDA amended with (0.2uM) chlorothalonil (B).
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Figure 7. Radial growth recorded with one F. culmorum isolate (Fus.), four different Trichoderma wild isolates
(T1. T2. T3 and T4) and six different modified Trichoderma genotypes (T1.G1, T2.G1, T2.G2,
T3.G1, T3.G2, T4.G1 and T4.G2) originally cultured on PDA dishes and transferred to PDA plates
(A) and to PDA amended with (0.4uM) chlorothalonil (B).
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Figure 8. Radial growth recorded with one F. culmorum isolate (Fus.), four different Trichoderma wild isolates
(T1. T2. T3 and T4) and six different modified Trichoderma genotypes (T1.G1, T2.G1, T2.G2,

T3.G1, T3.G2, T4.G1 and T4.G2) originally cultured on PDA dishes and transferred to PDA plates
(A) and to PDA amended with (0.8uM) chlorothalonil (B).
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Figure 9. Radial growth recorded with one F. culmorum isolate (Fus.), four different Trichoderma wild isolates
(T1. T2. T3 and T4) and six different modified Trichoderma genotypes (T1.G1, T2.G1, T2.G2, T3.G1,
T3.G2, T4.G1 and T4.G2) originally cultured on PDA dishes and transferred to PDA plates (A) and to
PDA amended with (1.2uM=EC50) chlorothalonil (B).

Academy of Scientific v
Research & Technology

Page 12 of 17 e n
w,ssm,,.u-@




ey

ISSN 2537_ 0715
IJSRSD (2021): Volume 4, Issue 2, September 2021 International Journal of Scientific
Received: July 2021, Accepted: August 2021 Research and Sustainable Development

Adaptation of trichoderma isolates for chlorothalonil
fungicide

% of growth reduction
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Figure 10. Adaptation of four different Trichoderma wild isolates (T1. T2. T3 and T4) and six different
modified Trichoderma genotypes
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Figure 11. Percentage of radial growth reduction observed by chlorothalonil fungicide with four different
Trichoderma wild isolates (T1. T2. T3 and T4) and six different modified Trichoderma genotypes
(T1.G1, T2.G1, T2.G2, T3.G1, T3.G2, T4.G1 and T4.G2) before and after adaptation procedure to
the fungicide.
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As observed with radial growth of the tested Trichoderma isolates, the obtained results
with sporulation performance revealed that the sporulation capability of five different
Trichoderma isolates was increased due to the adaptation to chlorothalonil fungicide (fig.12).
The highest sporulation was noticed with second genotypes of T. harzianum (T2G2).

Sporulation

* post-adaptation

» pre-adaptation

i 1M1 2 2mM1i2mM2 3 3M13M2 4 4M1

Trichoderma isolate

Figure 12. Sporulation potential of four different Trichoderma wild isolates (T1. T2. T3 and T4) and six
different modified Trichoderma genotypes before and after adaptation.

DISCUSSION

Chlorothalonil is one of the broad-spectrum organochlorine fungicides and is the most
applied conventional fungicide in the world (Koch et al., 2013). Furthermore, chlorothalonil
is now one of the few fungicides available in the USA to control Asian soybean rust (Deb et
al., 2010; Koch et al., 2013). Because it has good adhesion to plants and is in broad use, the
residues of chlorothalonil and its metabolites are found in greater quantities in fruits,
vegetables, soil and water and can be detected even in the Arctic (Daly et al., 2007). In
addition, chlorothalonil may pose a risk to larval amphibians in certain habitats and situations
(Yuetal., 2013). As a result, it is listed as a probable human.

Given the fact that Trichoderma can colonize a wide range of many host plants, it must
be predictable that Trichoderma have an advanced efficient strategy to change host immunity
and to establish a suitable environment for nutrient acquirement and plant reproduction.
Unfortunately, many studies showed that Trichoderma fungi were affected negatively with
organochlorine pesticides (OCPs) compounds as much as other pathogenic fungi affected.
This guide our team to search for a new technology to develop or create a newly tolerant
biocontrol agents like Trichoderma that can combat the harsh conditions of polluted soils
with OCPs i.e. chlorothalonil and can be antagonistic to soil-borne pathogens.

It is a great worthy to mention that this is the first record worldwide according to our
knowledge to produce a new mutant that can work efficiently with chlorothalonil fungicide as
an important key for successful integrated pest management. This is an important step during
the transfer the old or conventional systems of agriculture to Good Agricultural Practices
(Global GAP) and then to Organic Agriculture systems during 2 or 3 years. According to our
results, we have to assure that 5 new isolates have a higher sporulation capability compared
with the original strains, and this is important to our achieving strategy for building an
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antagonistic soil for controlling soil-borne plant pathogens and hence creating a suppressive
soil afterwards. Moreover, most of the new isolates have a great antagonistic opportunity
against the causal pathogen i.e. Fusarium culmorum with a higher growth reduction.

Bioproduction of conidia spores is considered an important element in Rhizosphere
competence index. All the mutants of each strain and species was determined by the
rhizosphere competence assay (Unpublished data, personal communication). Tolerance to
chlorothalonil seem to be a necessary element of rhizosphere competence in the soil. Most of
the tested mutants were rhizosphere competent in comparison with their wild type parents.
Our results revealed that Trichoderma spp. were induced by mutation to increase their linear
growth rate and to become rhizosphere competent against many causal pathogens in presence
of chlorothalonil which can be one of the most important strategy for controlling soil-borne
plant pathogens in soils amended with accumulated pesticides during the last few decades.

CONCLUSION

Providing a good information about the compatibility of Trichoderma and fungicide
applications could encourage the combined application as a part of IPM program for effective
plant disease control. Creating an antagonistic soil that was amended with accumulated
pesticides by enriched biocontrol agents which have the capabilities for controlling soil-borne
fungi like Fusarium culmorum. This is a new trend for creating an antagonistic soil with
chlorothalonil tolerant Trichoderma with high efficient condiogenesis and proper growth
abilities.
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