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Abstract: The in-vitro effect of some commonly used fungicides, insecticides and herbicides on the mycelial
growth of Trichoderma harzianum PBT 23 were evaluated. Nine fungicides, 6 insecticides and 7 herbicides
were tested. A progressive increase in percent inhibition of radial growth in the fungus was observed as the
concentrations of the fungicides increased. Among fungicides, Captaf, Thiram, Chlorothalonil and Copper
hydroxide were found compatible with the test antagonist up to 100 µg a.i. /ml, while Mancozeb up to 250 µg
a.i. /ml, as these did not adversely affect the growth of test antagonist. However, Benomyl, Thiophanate methyl,
Bayleton and ipridione were found incompatible with the test antagonist even at 25 µg a.i. /ml. Among
insecticides, Monocrotophos, Dichlorvos, Profenophos and Triazophos were found compatible up to 250 µl
a.i./ml; while Deltamethrin and Quinalphos up to 100 µl a.i./ml. Seven herbicides, 2, 4-D ethyl ester, Pretilachlor,
Aniliofos, Alachlor, Butachlor, Fluchloralin and Pendimethalin were found compatible with the test antagonist
even at higher concentration (250 µl a.i. /ml). The present results would be helpful to delineate the possibility
of combining T. harzianum PBT 23 as biocontrol agent with agrochemicals under integrated pest management
approaches.
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INTRODUCTION commonly used fungicides, insecticides and herbicides

Biological control involves the use of beneficial be exploited under Biointensive IPM programme.
microorganisms to attack and control plant pathogens and Trichoderma strains alone or in combination with
the diseases they cause. Trichoderma harzianum Rifai fungicide have been used for the management of several
has been identified as a very promising biocontrol agent. seed and soil-borne plant pathogens [15]. Combination of
It is antagonistic to a wide range of plant pathogenic Trichoderma with reduced levels of fungicide promotes
fungi, such as Fusarium sp. [1, 2], Pythium spp. [3, 4], the degree of disease suppression without risk on non-
Rhizoctonia solani [5, 6], Sclerotium rolfsii [7-8] and target organisms similar to that achieved with full dose of
Macrophomina  phaseolina  [9].  Many  other  workers fungicide application [16].
[10-12] utilized Trichoderma species as a potential The present study aimed to evaluate the in-vitro
biological control agent. Trichoderma isolates have also effects  of  some   commonly  used fungicides,
been reported to control the root knot nematode insecticides   and    herbicides    to   determine  their
Meloidogyne incognita in sunflower [13] and to suppress effects on  a  local  strain  of  T.  harzianum  (PBT 23).
nematode reproduction, reduce root galling and increase This strain was isolated  from  Jammu  ([17]  and  have
yield of tomato [14]. been found potential against Fusarium and Sclerotinia

Trichoderma have been playing an important role in [18, 19]. The long term goal is to evolve an IPM package
Integrated Disease Management practices. Seed treatment by juxtaposing Trichoderma and agrochemicals so as to
with Trichoderma along with compatible fungicide is a prevent pathogen from gaining resistance to chemical
common practice among the farmers for economic and fungicides as well as in buildup of Trichoderma
effective management of seed and soil-borne plant population in the soil that will be effective on a long term
diseases. Therefore, it is very essential to screen out basis.

for their compatibility with Trichoderma, so that they can
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MATERIALS AND METHODS Percent Inhibition = ((X – Y)/X) × 100

An experiment was conducted in the Department of where X is growth of the control plate and Y is growth of
Plant Pathology, GBPUA&T, Pantnagar to evaluate the the treated plate.
compatibility of fungicides, insecticides and herbicides The data were statistically analysed and critical
with T. harzianum PBT23. The Trichoderma harzianum differences (CD) calculated at P = 0.05.
PBT23 obtained from Biocontrol laboratory, Department
of Plant Pathology, GBPUA&T, Pantnagar, was used in RESULTS AND DISCUSSION
the present study. PDA was prepared following the
standard procedure [20]. After preparation of media, pH of The  effects of   the   fungicides  on  the  growth of
the medium was adjusted to 6.00 by adding 1% HCl using T. harzianum PBT 23 are presented in Table 1. Among
pH meter. After melting the prepared medium was tested fungicides, Mancozeb, Captaf, Thiram,
sterilized in an autoclave at 121°C temperature for 20 Chlorothalonil and Copper hydroxide were found
minutes. A loopful of inoculum from sub cultured plates compatible with  the  test  antagonist  up to 100 µg a.i.
of Trichoderma harzianum PBT23 were transferred to /ml, as these fungicides did not adversely affect the
Potato Dextrose Agar (PDA) slants and maintained as growth of test antagonist. The growth inhibition by these
pure culture. The test fungus was tested against nine fungicides was observed from 2.3-39.1 per cent only,
fungicides viz., Mancozeb (75WP), Captaf (50WP), However, Mancozeb was found compatible up to 250 µg
Benomyl (50WP), Thiram (75WP), Chlorothalonil (75WP), a.i./ml. Captaf, Chlorothalonil and Copper hydroxide were
Thiophanate methyl (70WP), Bayleton (25WP), Copper also found compatible at 250 µg a.i./ml up to some extent,
hydroxide (46.1WP) and Iprodione (50WP); six as these fungicides inhibited the growth ranged from
insecticides viz., Deltamethrin(2.8EC), Quinalphos (25EC), 45.06-56.8 per cent. The fungicides Benomyl, Thiophanate
Triazophos (40EC), Monocrotophos (36SC), Profenophos methyl, Bayleton and Iprodione was found incompatible
(50EC), Dichlorvos (76EC) and sven herbicides viz. 2, 4-D even at 25 µg a.i./ml, as they adversely inhibited the
ethyl ester (38EC), Pretilachlor (50EC), Aniliofos (30EC), growth of the test antagonist to a greater extent, ranged
Alachlor (50EC), Butachlor (50EC), Fluchloralin (45EC) and from 81.4-100 per cent. This can be explained in terms of
Pendimethalin (30EC) for the combatibility. Four the variation in sensitivity of the test fungus to the
concentrations, 25, 50, 100 and 250 µg or µl a.i./ ml were fungicides [23]. Earlier reports suggest that biocontrol
taken for the testing of the agrochemicals. The in vitro agents that can tolerate a certain level of fungicides were
bio-efficacy of test compound was determined using the mixed with agrochemicals, resulting in eradication of
poison food technique [21]. diseases [24]. Bagwan [25] reported that thirum (0.2%),

Stock solutions of fungicides, insecticides and copperoxychloride (0.2%) and mancozeb (0.2%) are
herbicides were prepared by dissolving the required copatible with Trichoderma harzianum. Trichoderma was
quantities of each into sterile distilled water. Appropriate most senstive to Captan, Propiconazole and
quantities of the respective solutions from stock solutions Tebuconazole. Similar report of integration of biological
were added to molten PDA medium (50 ml) and mixed agent and chemicals was reported by Ashwani [26]. In the
thoroughly by gentle shaking to obtain the required present investigation, the insensitivity of the test
concentrations.  About   20   ml  of  sterilized  medium  was antagonist to Mancozeb, Captaf, Thiram, Chlorothalonil
poured into 90-mm sterilized Petri plates. After and Copper hydroxide makes them suitable for
solidification, the plates were inoculated with 5mm disc of exploitation within the framework of integrated disease
4day old actively growing culture of T. harzianum PBT23. management programme.
Three replicates were used for each concentration of In terms of the insecticides tested in the present
every compound to be tested. T. harzianum PBT23 in study most of the insecticides were found compatible with
PDA plates without any added compounds served as the test antagonist up to 100 µl a.i. /ml, as these did not
controls. The inoculated plates were incubated at 27±1°C adversely affect the growth of test antagonist; while
and radial colony diameter were recorded 3 days after Monocrotophos, Dichlorvos, Profenophos and
inoculation. The diameter of the fungal colony in each Triazophos were found compatible up to 250 µl a.i. /ml.
Petri-plate was recorded by taking the average of two The growth inhibition was observed from1.1-25.4 per cent
measurements at right angles per plate. Inhibition of radial and 1.5-34.8 per cent at 100 and 250 µl a.i. /ml respectively.
growth was measured based on control plate colony However, Deltamethrin and Quinolphos were found
diameter using Sundar et al.’s formula [22]: incompatible at 250 µl a.i. /ml as these inhibited the growth
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Table 1: In vitro compatibility of fungicides with T. harzianum PBT 23 
Concentration (µg a.i./ml)
-------------------------------------------------------------------------------------------------------------------------------------------------------
25 50 100 250
--------------------------------- ---------------------------------- ---------------------------------- ----------------------------------
*Radial *Inhibition *Radial *Inhibition *Radial *Inhibition *Radial *Inhibition

Fungicide growth (mm) (%) growth (mm) (%) growth (mm) (%) growth (mm) (%)
Mancozeb (75 WP) 81.0 4.7 85.0 0.0 82.0 2.3 79.6 6.2
Captaf (50 WP) 85.0 0.0 83.3 1.2 63.0 25.0 36.6 56.8
Benomyl (50 WP) 0.0 100.0 0.0 100.0 0.0 100.0 0.0 100.0
Thiram (75 WP) 81.6 8.1 80.3 5.4 51.6 39.1 27.6 39.1
Chlorothalonil (75 WP) 74.0 12.8 73.6 25.8 63.0 32.1 40.6 52.1
Thiophanate methyl (75 WP) 1.6 98.0 1.3 98.4 0.0 100.0 0.0 100.0
Bayleton (25 WP) 15.6 81.5 17.3 91.7 0.0 100.0 0.0 100.0
Copperhydroxide (46.1 WP) 82.6 1.9 82.3 3.1 77.6 8.5 46.6 45.0
Iprodione (50 WP) 33.0 83.1 28.3 87.0 8.3 90.1 1.6 98.0
Check 85.0 – 85.0 – 85.0 – 85.0 –

Fungicides (A) Concentrations (B) A × B
Per cent inhibition 
CD (0.05) 2.9 1.8 5.9
CV (%) 8.4
Radial growth 
CD (0.05) 2.8 1.6 5.0
CV (%) 7.0
 Mean of three replications; Angular transformed values are used for analysis

Table 2: In vitro compatibility of insecticides with T. harzianum PBT23 
Concentration (µl a.i./ml)
--------------------------------------------------------------------------------------------------------------------------------------------------------
25 50 100 250
--------------------------------- ---------------------------------- ---------------------------------- ----------------------------------
*Radial *Inhibition *Radial *Inhibition *Radial *Inhibition *Radial *Inhibition

Insecticide growth (mm) (%) growth (mm) (%) growth (mm) (%) growth (mm) (%)
Deltamethrin (2.8EC) 79.6 6.2 77.0 9.3 73.6 13.3 33.3 60.7
Quinalphos (25 EC) 62.6 26.2 60.6 28.5 55.3 34.8 27.3 67.8
Triazophos (40 EC) 79.6 6.2 74.3 9.1 68.3 19.5 63.3 25.4
Monocrotophos (36 EC) 84.6 0.39 83.6 1.5 83.6 1.5 80.0 4.8
Profenophos (50 EC) 82.6 2.7 80.0 5.8 73.6 13.3 66.0 22.3
Dichlorvos (76 EC) 83.3 1.9 82.6 1.9 83.6 1.5 81.6 3.8
Check 85.0 – 85.0 – 85.0 – 85.0 –

Insecticides (A) Concentrations (B) A × B
Per cent inhibition 
CD (0.05) 4.2 3.2 8.5
CV (%) 3.1
Radial growth 
CD (0.05) 3.1 2.4 6.3
CV (%) 5.3
* Mean of three replications; Angular transformed values are used for analysis

of test antagonist  ranged  from  60.7-67.8  per  cent µl/ml and 125 µl/ml concentration respectively. The
(Table 2). Sushir and Pandey [27] observed that compatibility of Endosulfan with beneficial fungi was
Chloropyriphos was found compatible with Trichoderma reported earlier [28].
spp. even at higher concentration (2000ppm); while Among herbicides all tested herbicides were found
Endosulphan, Triazophos and Dimethonate were found compatible with test antagonist even at their higher tested
incompatible, as these inhibited the growth of T. concentration (250 µl a.i. /ml). The  growth  inhibition of
harzianum 55.5, 57.77 and 40 per cent even at 50 µl/ml, 125 the   test   antagonist   by   these    herbicides  ranged from
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Table 3: In vitro compatibility of herbicides with T. harzianum PBT23

Concentration (µl a.i./ml)
---------------------------------------------------------------------------------------------------------------------------------------------------------
25 50 100 250
----------------------------------- ---------------------------------- ---------------------------------- -----------------------------------
*Radial *Inhibition *Radial *Inhibition *Radial *Inhibition *Radial *Inhibition

Herbicide growth (mm) (%) growth (mm) (%) growth (mm) (%) growth (mm) (%)

2,4-D Ethyl ester (38 EC) 85.0 0.0 81.3 4.4 79.0 7.05 68.0 19.9
Pretilachlor (50 EC) 82.6 2.7 82.3 3.1 80.0 4.3 78.3 7.8
Aniliofos (30EC) 80.3 5.4 78.3 7.7 72.0 15.3 69.6 18.0
Alachlor (50 EC) 82.6 2.7 80.6 5.0 79.6 6.2 76.0 10.5
Butachlor (50 EC) 80.3 3.8 76.6 9.7 76.3 10.1 74.6 12.1
Fulchloralin (45 EC) 81.0 4.6 78.3 7.4 77.3 8.9 75.6 11.2
Pendimethalin (30EC) 79.0 7.0 78.3 7.8 74.3 12.5 73.0 15.8
Check 85.0 – 85.0 – 85.0 – 85.0 –

Herbicide (A) Concentrations (B) A × B

Per cent inhibition 
CD (0.05) 4.6 3.2 9.2
CV (%) 5.03

Radial growth 
CD (0.05) 2.6 1.8 5.3
CV (%) 4.1

* Mean of three replications; Angular transformed values are used for analysis
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