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ABSTRACT

COMPATIBILITY STUDIES AMONG BIOCONTROL

AGENTS AND CHEMICAL PESTICIDES (IN VITRO)

By
Mr. SHINDE TUSHAR BHAGAVAT
(Reg. No. K-19/261)
A candidate for the degree of
MASTER OF SCIENCE (AGRICULTURE)
In
AGRICULTURAL MICROBIOLOGY
Division of Plant Pathology and Agricultural Microbiology
Rajarshee Chhatrapati Shahu Maharaj
College of Agriculture, Kolhapur
Mahatma Phule Krishi Vidyapeeth, Rahuri-413 722, M. S. (India)

2021
Research guide : Dr. S. B. Mahajan
Department : Plant Pathology and Agricultural Microbiology

An investigation entitled “Compatibility studies among biocontrol agents and chemical
pesticides (in vitro)” was conducted at Plant Pathology and Agricultural Microbiology Section,
Rajarshee Chhatrapati Shahu Maharaj College of Agriculture, Kolhapur during, 2020-21. The
experiment was laid out in Completely Randomized Design (CRD) with four replications and
seven treatments of fungicides, seven treatments of herbicides and seven treatments of
insecticides on each of six fungal biocontrol agents. Biocontrol agents are Trichoderma viride,
Trichoderma harzianum, Metarhizium anisopliae, Verticillium lecanii, Beauveria bassiana and
Paecilomyces lilacinus.

In case of Trichoderma viride, fungicide, ametoctradin + dimethomorph was found
moderately toxic while, fungicides, captan, carbendazim + mancozeb, thiophenate methyl,
copper oxychloride and azoxystrobin + tebuconazole, were incompatible. Among the herbicides,
carfentrazone ethyl, fomesafen + flauzifop-p-butyl, oxyfluorofen and metribuzin were
compatible and glyphosate is incompatible. Herbicide, sulfentrazone + clomazone was found
incompatible. All of the insecticides like emamectin benzoate, spinosad, chlorantraniliprole,
imidacloprid, acetamiprid and thimethoxam + lamda cyhalothrin were found compatible.

In case of Trichoderma harzianum, fungicide, ametoctradin + diamethomorph was found
to be moderately toxic, while carbendazim + mancozeb, copper oxychloride, azoxystrobin +
tebuconazole, captan and thiophenate methyl, proved toxic. Among the herbicides, carfentrazone
ethyl was found compatible and glyphosate was proved slightly toxic. oxyfluorofen and
metribuzin are moderately toxic. The herbicides, sulfentrazone + clomazone and fomesafen +
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flauzifop-p-butyl, are incompatible. Insecticides, imidachloprid, acetamiprid, spinosad,
imamectin benzoate and chlorantraniliprole, were found compatible, whereas thimethoxam +
lambda cyhalothrin was found slightly toxic.

In case of Metarhizium anisopliae, all fungicides like carbendazim + mancozeb, copper
oxychloride, azoxystrobin + tebuconazole, ametoctradin + diamethomorph, captan and
thiophenate methyl, were incompatible. Among the herbicides, only one herbicide, metribuzin,
proved moderately toxic while, sulfentrazone + clomazone, oxyfluorofen, glyphosate, fomesafen
+ flauzifop-p-butyl and carfentrazone ethyl, were found incompatible. Among the insecticides,
acetamiprid, chlorantraniliprole and spinosad were compatible whereas imidachloprid,
emamectin benzoate, were moderately toxic. Thimethoxam + lambda cyhalothrin, proved toxic.

In case of Verticillium lecanii, among the fungicides, copper oxychloride and
ametoctradin + diamethomorph, were proved moderately toxic while, carbendazim + mancozeb,
azoxystrobin + tebuconazole, thiophenate methyl and captan, were proved totally incompatible.
Among the herbicides, only one herbicide, carfentrazone ethyl, was found compatible and
fomesafen + flauzifop-p-butyl and metribuzin were found slightly toxic. Glyphosate and
oxyfluorofen were proved moderately toxic and sulfentrazone + clomazone, was totally
incompatible. Among the insecticides, chlorantraniliprole, spinosad and emamectin benzoate
were found compatible and acetamiprid, imidachloprid and thiamethoxam + lambda cyhalothrin
were found slightly toxic.

In case of Beauveria bassiana, among the fungicides, copper oxychloride proved
moderately toxic and carbendazim + mancozeb, thiophenate methyl, azoxystrobin +
tebuconazole, ametoctradin + diamethomorph and captan, were incompatible. The herbicide
fomesafen + flauzifop-p-butyl was found slightly toxic and glyphosate and carfentrazone ethyl,
proved moderately toxic. Sulfentrazone + clomazone, oxyfluorofen and metribuzin, were totally
incompatible. Among the insecticides, spinosad and imidacloprid were found slightly toxic.
Chlorantraniliprole, was found to be moderately toxic while acetamiprid, emamectin benzoate
and thimethoxam + lambda cyhalothrin, were found toxic.

In case of Paecilomyces lilacinus, among the fungicides, ametoctradin + diamethomorph
was compatible and copper oxychloride was found slightly toxic while, captan was found to be
moderately toxic. Carbendazim + mancozeb, thiophenate methyl and azoxystrobin +
tebuconazole, are totally incompatible. Among the herbicides, fomesafen + flauzifop-p-butyl and
carfentrazone ethyl were found to be compatible whereas, metribuzin and glyphosate, were
proved moderately toxic. Sulfentrazone + clomazone and oxyfluorofen, proved totally
incompatible. Among the insecticides, spinosad was found fully compatible and
chlorantraniliprole and acetamiprid were found slightly toxic while, emamectin benzoate and
imidachloprid were found to be moderately toxic, thimethoxam + lambda cyhalothrin was
proved toxic.

Some chemical pesticides do not affect the growth and development of biocontrol agents.
The combination of such chemical pesticides with biocontrol agents can provide an additive or
synergistic effect in the control of diseases and pests. These chemical pesticides and biocontrol
agents can be used in an integrated pest management programme.

Shinde T. B. Pages 1 to 69




1. INTRODUCTION

Control of plant diseases and pests by chemicals can be spectacular but this is relatively
short term measure and moreover, the accumulation of harmful chemical residues sometimes
causes serious ecological problems. In recent years, the increasing use of potentially hazardous
pesticides and fungicides in agriculture has been the result of growing concern of both
environmentalists and public health authorities. Use of such chemicals entails a substantial cost
to the nation and developing country like India cannot afford it. On the other hand biological
methods can be economical, long lasting and free from residual side effects. The main purpose of
biological control of plant disease and pests is to suppress the inoculum load of the target

pathogen to a level which would not cause potential economic loss in the crop.

In agriculture, biocontrol agents are a safe and environmentally acceptable alternative to
pesticides (Gampala and Pinnamaneni, 2010). Recommended doses of insecticides along with
biocontrol agents show promising effects on the management of various plant pests than the
chemicals alone (Vinit et al., 2012). Combining a fungicide tolerant biocontrol agent with
respective fungicides has improved the extent of disease control and reduced the quantity of
fungicides required for effective management (Buck, 2004). Therefore the combine use of
biocontrol agents and chemical pesticides has enticed much attention as a way to obtain
synergistic or additive effects in the control of soil borne pathogens (Locke et al., 1985). A lot of
examples exist where application of different selective chemical insecticides and bioagents when
used in combination provide satisfactory control against many agricultural insect pests (Quintela
and McCoy, 1998).

Soil and seed borne diseases are one of the major constraints in crop production. It is
essential to treat the seed with protectants for early control of seed-borne pathogens as these
pathogens are carried externally and/or internally through seeds. This can be achieved through
chemical and/or biological means. Trichoderma viride is a potential biocontrol agent for several
soil and seed borne pathogens (Papavizas, 1983) widely used throughout the world. Trichoderma
harzianum in the greenhouse industry widely used for disease control instead of chemical
fungicides because it is safer to use for growers, its disease control effects last longer than those
of synthetic chemical pesticides (Goes et al., 2002). Metarhizium anisopliae (Metschn.) is a
widespread fungus with a wide range of hosts. This fungus has been found to infect over 100
species of insects from various orders. (Udayababu et al., 2012). Some other potential biocontrol
agents including Beauveria bassiana (Bals.), Verticillium lecanii (Zimm.) and Paecilomyces
lilacinus are also have lot of importance in disease and pest control. Some fungicides and
insecticides are effectively used as seed dressing. It is necessary to study compatibility of these

with the commonly used bio agents.



2

Quite often, the desired result from biocontrol agent treatment in certain fields is hardly
achieved owing to various reasons which include an adverse impact of pesticides used either in
the previous or the current crop. Under such circumstances, there are more chances to reduce
population of biocontrol agents because of poisonous effect of chemicals in the soil. It has been
reported that T. harzianum is highly sensitive to mancozeb, tebuconazole and thiram (McLean et
al., 2011). A number of fungicides which include chlorothalonil have been reported to suppress
the soil respiration by 30-50 percent affecting total fungal population (Chen et al., 2001).
Carbendazim, thiram, quinalphos, monocrotophos and butachlor have been reported to reduce
the nitrogenase activity in field conditions (Martinez-Toledo et al., 1998; Niewiadomska, 2004
and Niewiadomska and Klama, 2005). Experimental findings shows that hexaconazole,
carbendazim, propiconazole, azoxystrobin and tebuconazole are not compatible with
Trichoderma viride so these fungicides cannot be applied with Trichoderma viride, while
mancozeb was found to be most compatible with Trichoderma viride so can be applied for the
Sclerotinia stem rot of lentil and other crops for integrated management of disease (Mishra et al.,
2019).

It is to be noted that, only about 0.1 percent of the pesticide reaches the target organisms
and the remaining contaminates the surrounding environment (Carriger et al., 2006). Due to
xenobiotic characteristics, these pesticides adversely affect beneficial soil microorganisms,
inactive nitrogen-fixing and phosphate-solubilizing microorganisms and inhibit biological
nitrogen fixation (Munoz-Leoz et al., 2011). They also affect the function of beneficial root-
colonizing microbes by influencing their growth, colonization and metabolic activities etc.
(Menendez et al., 2010).

The compatibility studies undertaken indicated successful use of biocontrol agents in
combination with chemical pesticides for better results in plant protection in various crops. In the
compatibility studies undertaken by Bindu madhavi et al., 2011 the pesticide imidacloprid was
shown to be very compatible with Trichoderma viride; fungicides propineb, pencycuron,
mancozeb and tebuconazole; herbicides viz., imizathafir, 2,4-D sodium salt and oxyfluorofen
while being totally incompatible with systemic fungicides like carbendazim, hexaconazole,

tebuconazole and propiconazole.

The Myrothecium verrucaria, a potential bioherbicidal fungus can be combined with
commercial preparations of herbicides viz., aminopyralid and metsulfuron and the growth in the
presence of herbicide indicates that M. verrucaria could be incorporated into an integrated weed

management program for kudzu (Pueraria montana) (Weaver and Lyn, 2011).

The herbicides, insecticides and fungicides applied as foliar spray or soil drench

ultimately reach the soil and affect beneficial non-target mycoflora. Hence, knowledge of
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compatibility of all these biocontrol agents with important pesticides may help opt for better
plant protection measures. Tolerance to commonly-used pesticides enhances the efficacy and
expands the scope of application of biocontrol agent. Integrating the use of Trichoderma spp.,
Verticillium spp., Paecilomyces spp., Metarhizium spp., and Beauveria spp. strains with various
chemical pesticides has significant importance in the overall framework of integrated pest and
disease management. Hence, an in vitro study will be conducted to assess compatibility of some
commonly-used, commercially available fungicides, insecticides and herbicides on growth of

various biocontrol agents with the following objectives.

1. To study the compatibility of biocontrol agents and fungicides.
2. To study the compatibility of biocontrol agents and insecticides.

3. To study the compatibility of biocontrol agents and herbicides.






2. REVIEW OF LITERATURE

Various workers in the past have studied the compatibility of different pesticides and
biocontrol agents in vitro and in vivo majority of the pesticides were incompatible while few
were compatible with fungal biocontrol agents including mycoherbicides. The review gives

overview for the studies undertaken till date.

2.1 Compatibility of Trichoderma viride with chemical pesticides.

Gampala and Pinnamaneni (2010) reported that Trichoderma viride is a biocontrol
agent which shows antagonistic activity toward a broad spectrum of phytopathogens. They also
reported that it is more compatible with fertilizers and pesticides and can be safely used with

chemical fertilizers that provide major nutrients for any crop.

In vitro compatibility study of Trichoderma viride with 25 pesticides was undertaken
by Bindu madhavi et al. 2011 revealed that among six seed-treatment chemicals tested, T. viride
had the best compatibility with the pesticide imidacloprid (7.6 cm mycelial growth), followed by
mancozeb (6.3 cm) and tebuconazole (5.3 cm) (3.7 cm). Pencycuron and propineb, two contact
fungicides, were shown to be completely compatible with T. viride. The fungus was extremely
compatible with imizathafir (9.0 cm), 2, 4-D sodium salt (8.9 cm), and oxyfluorofen (6.5 cm)
among the 10 herbicides were examined, but completely incompatible with systemic fungicides

such as carbendazim, hexaconazole, tebuconazole, and propiconazole.

Ranganathswamy et al. (2012) investigated the compatibility of Trichoderma viride,
Trichoderma harzianum and Trichoderma virens with eighteen selected fungicides. They
reported that benomyl, carbendazim, hexaconazole, propiconazole, tridemorph, tricyclozole were
incompatible with Trichoderma species. On the other hand, captan, thiram, dinocap, fosetyl-Al,
metalaxyl and copper oxychloride showed the least compatibility. Mancozeb, azoxystrobin and
bordeaux mixture which showed inhibition of mycelial growth of 20-45 per cent and was found
to be moderately compatible. Fungicide, wettable sulphur was found totally compatible and

showed inhibition 2.2 per cent.

Thiruchchelvan et al. (2013) reported that the majority of chemicals are compatible
with Trichoderma. As a result, commercial farmers may utilise it to preserve the environment

through integrated disease control.

Bhale and Rajkonda (2015) experimented with the compatibility of fungicides (captan
and mancozeb) with Trichodermas pp. in vitro at different concentrations. Lower concentrations
of captan and mancozeb did not affect the radial growth of Trichoderma spp. However,
concentration of captan and mancozeb above 500 pg/ml significantly reduced the radial growth

of Trichoderma spp.
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Ghazanfar et al. (2018) investigated Trichoderma spp. showed that it has a parasitic
nature on soil borne pathogens and many foliar plant pathogens. Ttrichoderma spp. show
antagonistic activity involving antibiotics, mycoparasitism and competition for nutrients and also

induces systemic resistance in plants.

Mishra et al. (2019) concluded that the fungus Trichoderma viride is the chief
antagonist used for disease management in agriculture and is an effective and low cost biocontrol
agent. They also reported that the fungicides thiophenate methyl, captan and iprodine exhibited
intermediate inhibitory effect and were less compatible with Trichoderma viride, while
hexaconazole, azoxystrobin, tebuconazole, carbendazim and propiconazole completely inhibited
growth and were incompatible with Trichoderma viride.

Maheshwary et al. (2020) experimented that among contact fungicides, copper
oxychloride, copper hydroxide and mancozeb were compatible with Trichoderma spp. and less
compatible with captan. Among systemic fungicides, propiconazole, tebuconazole and
carbendazim were incompatible and metalaxyl was compatible at all concentrations. Among the
combination fungicides tested were not compatible with Trichoderma spp. but metalaxyl-m +

mancozeb was found to be more compatible.

2.2 Compatibility of Trichoderma harzianum with chemical pesticides.

Desai and Kulkarni (2004) experimented with thirteen agrochemicals involving six
herbicides, five fungicides and two insecticides at 500, 1000 and 2000 ppm dosages. Among
these pesticides, carbendazim, alachlor, glyphosate, chloropyriphos, thiram and trifluralin were
highly inhibitory to T. harzianum, while captan, atrazine, acephate and 2, 4-D sodium salt.
Inhibitory effects increased with concentrations increased from 500 to 1000 ppm.

Sarkar et al. (2008) investigated the effect of insecticides, fungicides, and
biopesticides on the mycelial growth of T. harzianum in in vitro conditions. Among the contact
fungicides, copper oxychloride and copper hydroxide were highly compatible at lower
concentrations and no inhibition was observed. Among insecticides, dicofol and quinalphos
exhibited toxicity, even at a low concentration of 10 ppm. Propargite, fenpropathrin, and
endosulfan were compatible with T. harzianum. Among the systematic fungicides, propiconazole
and triflumizole were less toxic and hexaconazole was the most toxic. A per cent inhibition in

the growth of fungus was observed as the concentration of fungicides increased.

Bhai and Thomas (2010) studied the compatibility of Trichoderma harzianum with
agrochemicals. They reported that high inhibition of mycelial growth was recorded with
treatment of Bordeaux mixture and quinalphos, which were 100 and 55.84 per cent respectively.
Other chemicals, such as monocrotophos, chlorpyriphos, carbofuron, phorate, mancozeb, and

copper oxychloride, had no inhibitory effect on Trichoderma harzianum.
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Bagwan (2010) reported that among the fungicides tested, mancozeb (0.2%), copper
oxychloride (0.2%) and thiram (0.2%) were found compatible with Trichoderma harzianum and
Trichoderma viride as compared to other fungicides. Trichoderma was incompatible with the
fungicides vitavax, tebuconazole, captan, propiconazole and chlorothalonil. But Trichoderma
was tolerant to all the pesticides and herbicides tested.

McLean et al. (2011) investigated wether Trichoderma harzianum in furrow
application would be effective with captan and/or benomyl. They also concluded that T.
harzianum was most sensitive to thiram and tebuconazole and mancozeb and least sensitive to

captan and procymidone.

Vinit et al. (2012) experimented that the Trichoderma harzianuum is compatible with
decis (deltamethrin 2.8% EC), hilcron 36% SL (monocrotophos 36%), hilida (imidacloprid
17.8% SL) and rogar 30% EC and some insecticides are not compatible with the Trichoderma
harzianum that is ekaulux 25% EC (quinolphos 25% EC), marshal 25% EC (carbosulphon 25%
EC) and rocket 44% EC (profenofos40% + cypermethrin 4 %).

Vinit et al. (2012) concluded that integration of chemicals and biocontrol agents has
been the subject of research during recent years. Trichoderma spp are also known as active

biocontrol agents against soil borne pathogens of several important crops.

Saxena et al. (2014) experimented that among herbicides, alachlor, butachlor, 2, 4-D
ethyl ester, pretilachlor, fluchloralin, anilifos and pendamethalin were found compatible with T.
harzianum even at higher concentrations (250 pl a.i./ml). Among insecticides, profenofos,
monocrotofos, triazophos and dichlorvos were found compatible up to 250 pl a.i./ml, while
quinalphos, deltamethrin up to 100 pl a.i./ml. Among fungicides, thiram, captan, copper
hydroxide and chlorothalonil were found compatible with T. harzianum up to 100 pg a.i./ml.
However bayleton, ipridione, benomyl and thiophenate methyl were found incompatible with T.
harzianum even at 25 pg a.i./ml, while mancozeb up to 250 pg a.i./ml was compatible with T.

harzianum.

Borade and Bhosale (2015) experimented with the effect of four fungicides on T.
harzianum under in vitro conditions. They showed that the toxicity of the systemic fungicides
was higher than that of the contact fungicides, in which sulphur and copper oxychloride were
completely incompatible at higher concentrations and no inhibition of growth was observed at
lower concentrations. In the systemic fungicides, myclobutanil was found more toxic, followed

by cymoxanil.

Radwan and Mohamed (2017) reported that pesticides iprodione, mancozeb,
penconazole and fenarimol and high concentrations of imidacloprid, oxyfluorofen and

glyphosate highly inhibit the growth of T. harzianum and it is incompatible with these pesticides.



2.3 Compatibility of Metarhizium anisopliae with chemical pesticides.

Rachappa et al. (2007) experimented that in the Metarhizium anisopliae, herbicides
were also proved to be toxic, but the level of toxicity was low because the inhibition of fungal
growth was from 10.26 percent to 26.07 percent. There was no significant difference between
glyphosate, nitrofen, atrazin and pendamethalin (23.07%), but the toxicity was more than two
times that of butachlor and 2, 4 - D inhibited 12.39% and 10.39 % respectively.

Udayababu et al. (2012) reported that the radial growth of M. anisopliae was not
inhibited by tebuconazole, azoxystrobin and chlorothalonil treated medium. Total inhibition of
radial growth was recorded in propiconazole treated medium. In tebuconazole and azoxystrobin
treated medium, a significant reduction of M. anisopliae conidial concentration per cm was

recorded.

Akbar et al. (2012) studied the compatibility of Metarhizium anisopliae with
fungicides and insecticides. They found that spinosad and indoxacarb were proved compatible
while match, metalaxyl + mancozeb, chlorpyrifos and profenofos found incompatible.

Emamectin, cypermethrin, acetamiprid, imidacloprid and sinofos proved less toxic, respectively.

Silava et al. (2013) concluded that propiconazole, difenoconable, trifloxystrobin and
azoxystrobin were incompatible with M. anisopliae at all biological stages and they should not
be applied together with this fungus in tank mixing. The agrochemicals compatible with M.
anisopliae were the insecticides thiamethoxam, lambda-cyhalothrin and methyl parathion and the

herbicides bentazon, imazapic + imazapyr and glyphosate.

Abidin et al. (2017) concluded that the highest conidial germination of Metarhizium
anisopliae was recorded with treatment of imidacloprid 0.5 x DF. Conidial production was
obtained at its highest with treatment of imidacloprid. They showed that imidacloprid was found

compatible with Metarhizium anisopliae.

Fiedler and Sosnowska (2017) studied the radial growth of Metarhizium anisopliae
and Acremonium spp. is not inhibited by insecticides and fungicides and can be recommended

for use in IPM.

Joshi et al. (2018) reported that insecticides like novaluron, indoxacarb, emamectin
benzoate and lambda cyhalothrin were found compatible with Metarhizium anisopliae.
Fungicides propiconazole, hexaconazole and carbendazim were found totally incompatible,

whereas mancozeb was found compatible at a lower concentration.

Khun et al. (2020) showed that Metarhizium anisopliae was compatible with the
chemical pesticides acephate, trichlorfon and indoxacarb. Fungicides pyraclostrobin and

carbendazim are toxic to Metarhizium anisopliae.



2.4 Compatibility of Verticillium lecanii with chemical pesticides.

Hall (1981) reported that the separate application of Verticillium lecanii is advisable
with cyhexatin, pyrazaphos, triforine, bupirimate, dioxathion and tetradifon, but the use of zineb
should be avoided, as it is incompatible with Verticillium lecanii. The most toxic compounds
with agar in this study were mancozeb, captan, maneb, thiram, chlorothalonil, dichlofluanid and
quinomethionate proved to be incompatible with V. lecanii but fenarimol proved relatively
harmless. On the basis of the results of this study, careful selection of pesticides and fungicide
would permit the combined use of biocontrol agents and chemicals in integrated control

programs.

Khalil et al. (1985) tested the compatibility of Verticillium lecanii with chemical
pesticides. They showed that cypermethrin, benomyl, formothion, copper oxychloride,
mevinphos, fenbutatin-oxide, cypermethrin, oxamyl, permethrin, thiophenate methyl,
triademefon and primicarb were less affected to mycelial growth and spore germination at the
sub lethal and recommended concentrations, whereas mancozeb, fenithrothion and methomyl
found partially toxic. Pesticides bitertanol, dichlofluanid and metiram were found totally

incompatible.

Krishnamoorthy et al. (2007) showed that pongamia oil exhibited a synergistic effect
on the development of Verticillium lecanii. Chemical pesticides chlorothalonil, thiophenate
methyl, carbendazim and iprodion + carbendazim inhibit the development of Verticillium lecanii

and are highly toxic.

Alizadeh et al. (2007) reported that the pesticide flufenoxuron (at three
concentrations), phozalone + teflubenzuron (at mc and twice the mc) induced levels of vegetative
growth inhibition higher than 68%. Amitraz and imidachloprid (at half mc) did not affect the

growth of V. lecanii, which indicated compatible formulations with V. lecanii.

Armarkar and Chikte (2008) tested the compatibility of nine chemical pesticides with
Verticillium lecanii. Among these pesticides, streptocyclin gave maximum growth (61.60 mm)
and a reduction in dry mycelial weight (9.51%) and was found to be the most compatible,
followed by methyl dematon, thiometon and dimethoate. TMTD (thiram), mancozeb and

monocrotophos are found incompatible with Verticillium lecanii.

Sword et al. (2011) studied the in vitro compatibility of Lecanicillium lecanii with
insecticides and proved that hyphal growth and germination of conidia were totally inhibited by
the insecticides endosulfan and thiodicarb, which were found completely incompatible with
Lecanicillium lecanii. Acetamiprid and imidacloprid were found compatible and had no
inhibitory effect on the mycelial growth of Verticillium lecanii.
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Thiery et al. (2015) studied the biological control of pests and diseases. Fungi,
parasitoids, predators and other beneficial organisms can be used. They also reported that
biological control is alternatives to chemical pesticides. The fungus Verticillium lecanii is one of
the biocontrol agents and the member of Deuteromycetes, and it can be used for controlling the

pests.

Sumalatha et al. (2017) concluded that Vericillium lecanii has excellent compatibility
with existing biological control measures and can be used in combination with several widely

used pesticides, including fungicides.

Kakati et al. (2018) tested the compatibility of Verticillium lecanii with insecticides.
Imidacloprid 17.8% SL had no inhibitory effect on Verticillium lecanii at 0.025% concentration
while maximum inhibition of Verticillium lecanii was recorded with treatment of dimethoate 30

EC at 0.05% concentration.

2.5 Compatibility of Beauveria bassiana with chemical pesticides.

Oliveira et al. (2003) concluded that in comparison to the control, the insecticide
formulations of thiamethoxam, cyfluthrinand, and alpha-cypermethrin caused reduced inhibition
on conidia germination at the two lower doses. In terms of vegetative development,
thiamethoxam at the two lower doses was shown to have no effect on radial growth. In terms of
conidia formation, thiamethoxam had the least inhibitory effect. Because thiomethaxam and
alpha-cypermethrin formulations are compatible with the entomopathogenic fungus Beauveria
bassiana, they should be used in coffee IPM programmes for a B. basssiana inoculum

conservation approach.

Puzari et al. (2006) reported that in in vitro compatibility of Beauveria bassiana with
insecticides, deltamethrin at half of recommended dose was found compatible, which showed
less inhibition, 14.06 per cent. More than 50 per cent inhibition of mycelial growth was recorded
in alphamethrin, phosphamidon, deltamethrin and cypermethrin insecticides. Monocrotophos and
dichlorvos were found compatible, which showed inhibition of 0.31 and 0.12 per cent

respectively.

Khezri et al. (2007) experimented with three concentrations of pesticide (mean
concentration-MC, half MC and twice MC) were tested on B. bassiana. The results indicated that
flufenoxuron caused complete inhibition of its development and was not compatible with B.
bassiana. Imidacloprid was compatible with B. bassiana. This formulation could be used in

integrated pest management.

Ali et al. (2007) concluded that the chemical flufenoxuron is incompatible with B.
bassiana which inhibits the growth and development of B. bassiana. They also reported that
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imidacloprid is compatible with B. bassiana and could be used with B. bassiana in integrated

pest management (IPM).

Pandey and Kanaujia (2009) reported that the highest fungal growth of Beauveria
bassiana was 6.67 mm was observed in the validamycin treated medium and hundred percent
inhibition of growth was observed in the propiconazole treated medium at all higher and lower
concentrations. They also studied that in all fungicide treated medium, no sporulation was
recorded above 700 ppm concentrations and propiconazole completely inhibited sporulation at

all the test concentrations.

Ambethgar et al. (2009) experimented with the effect of five herbicides on the
myecelial growth of Beauveria bassiana. The herbicides classified into four categories based on
percent reduction in mycelial growth: 1 = toxic (> 50%), 2 = moderately toxic (35-50%), 3 =
slightly toxic (25-35%) and 4 = compatible (< 25% inhibition). They showed that Beauveria
bassiana is sensitive to normal and higher field recommended dosages of herbicides. Among the
herbicides tested, pendamethalin, butachlor and fluchloralin showed less reduction in mycelial

growth and were compatible with B. bassiana in the field.

Amutha et al. (2010) tested the effect of chemical insecticides on the mycelial growth
of Beauveria bassiana by using poisoned food technique. They showed that acetamiprid,
imidacloprid, thiodicarb, endosulfan, quinalphos and econeem were proved slightly toxic.
Triazophos was found to be moderately toxic. Indoxacarb, profenofos and methyldemeton were

highly incompatible.

Vats et al. (2014) experimented with the compatibility in terms of biomass production
and proved that acetamiprid and imidacloprid are compatible with B. bassiana. Since at 0.5 MC,
MC, and 2 MC, acetamiprid exhibits only a 23%, 26%, and 32% reduction in biomass,
respectively. At 0.5 MC, MC, and 2 MC, imidacloprid only exhibits a 25%, 26.7 percent, and
30% reduction in biomass, respectively. Profenofos is only compatible at 0.5 MC, but neemarin

and endosulphan are incompatible at all concentrations.

Kos et al. (2016) concluded that Beauveria bassiana is highly affected by some
herbicides and fungicides, even at very low rates. Flurochoridone, foramsulfuron, prosulfocarb
and copper hydroxide stop sporulation. All tested pesticides, isoxaflutole, flauzifop-p-butyl and
chlorothalonil, showed the least adverse effects and therefore, probably could be compatible with

B. bassiana in the field.

Abidin et al. (2017) concluded that the imidacloprid was found compatible with
Beauveria bassiana. Conidial production was obtained at its highest with treatment of
imidacloprid. Conidial germination of Beauveria bassiana was recorded with treatment of
deltamethrin 0.5 x DF.
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Fiedler and Sosnowska (2017) reported that the fungus B. bassiana can be used

together with insecticides, but not with fungicides as a biocontrol agent.

Kakati et al. (2018) tested the compatibility of Beauveria bassiana with insecticides.
Imidacloprid inhibit mycelial growth of Beauveria bassiana by 9.81 per cent. Treatment of
dimethoate 30 EC at 0.05 percent concentration showed 27.81 per cent growth inhibition in

Beauveria bassiana.

Joshi et al. (2018) reported that profenophos was incompatible with Beauveria
bassiana while chlorantraniliprole was compatible. Insecticides like novaluron, indoxacarb,
emamectin benzoate and lambda cyhalothrin were found compatible with Beauveria bassiana.
Fungicides propiconazole, hexaconazole and carbendazim were found totally incompatible,

whereas mancozeb was found compatible at a lower concentration.

Ondrackova et al. (2019) studied the effect of seventeen pesticides on Beauveria
bassiana under in vitro condition. Among fungicides mancozeb, metalaxyl-M, fludioxonil,
thiram, carboxin, mancozeb and metalaxyl-M, dimethomorph + mancozeb, boscalid +
pyraclostrobin and among herbicides chlorotoluron, pethoxamid, pendamethalin + imazamox
and pendamethalin significantly inhibited the mycelial growth of Beauveria bassiana (20.4 -
100% and 14.9 - 100% respectively). Among insecticides acetamiprid, primicarb and fluvalinate
inhibited mycelial growth of Beauveria strains (22.6 - 30% inhibition).

Khun et al. (2020) showed that Beauveria bassiana was compatible with acephate,
sulfoxaflor, spinetoram, trichlorfon and indoxacarb. Fungicides pyraclostrobin and carbendazim

are toxic to Beauveria bassiana.

2.6 Compatibility of Paecilomyces lilacinus with chemical pesticides.

Jacobs et al. (2003) reported that when the ability to develop and hinder the growth of
an opposing colony at 10 and 20 degrees Celsius was assessed, Paecilomyces lilacinus emerged
as the most successful competitor. In vitro, Paecilomyces lilacinus released a deffusable material
that hindered Rhizoctonia solani’s growth and induced morphological defects in its hyphae,

indicating that it may be employed to control the soil-borne fungal pathogen.

Mehmet and Ayhan (2004) studied whether fungicides have the potential to interfere
with the growth of Paecilomyces fumosoroseus if they are to be applied together. The lower
concentrations of cypermethrin and deltamethrin and the recommended concentration rate of

primicarb and pymetrozine were less hazardous than carbaryl and malathion.

Sundararaju and Kiruthika (2009) studied that in banana crop, Paecilomyces lilacinus

and neem cake are effective for management of root-knot nematode. They also reported that
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single use of biocontrol agents or botanicals cannot be very effective in the management of

diseases induced by nematodes.

Dong et al. (2010) experimented with the compatibility of Paecilomyces lilacinus with
two fungicides, one herbicide and one insecticide. They reported that the Paecilomyces lilacinus
strain E7 was compatible with glyphosate and copper oxychloride and incompatible with the
fungicide benomyl.

Gopalan and Venkatachalam (2014) tested the compatibility of entomopathogenic
fungi Paecilomyces lilacinus with agrochemicals. Compatibility is tested through the serial
dilution method, optical density values, and radial growth technique. Fungicides difenconazole
(0.07%), blue copper (0.3%), propiconazole (0.05%) and herbicide gramoxone (0.5%) found
complete growth inhibition. They also showed that fungicides are more toxic than herbicides to

the entomopathogenic fungi Paecilomyces lilacinus.

Mathew and Louis (2018) reported that the Paecilomyces lilacinus was not compatible
with the insecticides quinalphos and chloropyrifos; fipronil, cartap and dimethoate hydrochloride
as the least compatible; imidachloprid as compatible and acephate, chlorantraniliprole, and
flubendimide as moderately compatible. The Paecilomyces lilacinus is compatible with the
insecticide imidachloprid and can be used in banana in IPM programs for controlling nematodes
and other insect pests of banana.

2.7 Compatibility of other biocontrol agents with chemical pesticides.

Locke et al. (1985) reported that the combined use of biocontrol agents and chemical
pesticides has enticed much attention as a way to obtain additive effects in the control of soil-
borne pathogens.

Martinez-Toledo et al. (1998) studied the presence of captan enhanced denitrifying
and total culturable bacteria, showing that some microbial groups can tolerate high doses of this

fungicide.

Buck (2004) concluded that all combinations of Rhodotorula glutinis PM4 with
azoxystrobin, trifloxystrobin or vinclozolin provided highly effective and consistent disease

control not observed in treatments with the fungicides alone or the yeast alone.

Menendez et al. (2010) concluded that the application of dimethoate at the
recommended concentration decreased the percentage of colonization of soybean by the
indigenous AM population, but this effect was not observed on the colonization of soybean

which was inoculated with Glomus mosseae.
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Dhanya et al. (2016) reported that for integrated pest management in small cardamom
farming, chemicals along with antagonists are recommended so as to reduce the environmental

risk due to toxic pesticides.

Maina et al. (2018) reported that in the integrated pest management programme (IPM),
mycoinsecticides have the potential to play a key role in effective and relatively safe insect pest

management in field crops.

Ondrackova et al. (2019) studied the effect of seventeen pesticides on Cordyceps
fumosorosea, Akanthomyses muscarius and Purpureocillium lilacinus under in vitro condition.
Among fungicides mancozeb, metalaxyl-M, fludioxonil, thiram, carboxin, mancozeb and
metalaxyl-M, dimethomorph + mancozeb, boscalid + pyraclostrobin and among herbicides
chlorotoluron, pethoxamid, pendamethalin + imazamox and pendamethalin significantly
inhibited the mycelial growth of all fungal biocontrol agent (20.4 - 100% and 14.9 - 100%
respectively). In case of Akanthomoces and Purpureocillium insecticides did not significantly
inhibited the mycelial growth. The mycelial growth of Cordyceps fumosorosea strains was faster

in the presence of insecticides than in control.
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1. MATERIAL AND METHODS

The present study was conducted at the section of “Plant Pathology and Agricultural
Microbiology” in Rajarshee Chhatrapati Shahu Maharaj College of Agriculture, Kolhapur,
during the year 2020-21. All over laboratory work that is maintaining fungal cultures,
sterilization of glassware’s and culture medium, culture incubating and experimental method

(poisoned food technique) were conducted in the laboratories of section.

3.1 Material
3.1.1 Glasswares

The common glassware’s of BOROSIL brand, were used for the present study viz.,
petri plates, conical flasks, beakers, test tubes, measuring cylinder, glass slides, cover slips and

glass rod etc.

3.1.2 Equipments and other appliances
Common laboratory equipments which is accurate and in good working condition is
used, like weighing balances, hot air ovens, autoclaves, laminar air flow, BOD incubators,

electronic microscopes and refrigerators etc.

3.1.3 Miscellaneous material
Miscellaneous material, like Cutting knife, rubbers, permanent marker, spirit lamp,
forceps, inoculating needle, corkborer, measuring scale were used for marking, cutting, taking

observations, inoculating the cultures and other purposes.

3.1.4 Chemicals
For preparation of potato dextrose agar medium 20 gm of dextrose and 15 gm of agar

agar were used to making one litre of (PDA) potato dextrose agar medium.

3.1.5 Biocontrol agents
In the present investigation, for testing the compatibility of biocontrol agents with

fungicides, hercicides and insecticides following biocontrol agents are selected.

1. Trichoderma viride
2. Trichoderma harzianum
3. Metarhizium anisopliae
4. Beauveria bassiana
5. Verticillium lecanii

6. Paecilomyces lilacinus

All the biocontrol agents are fungal biocontrol agents. In these biocontrol agents
Trichoderma viride and Trichoderma harzianum are potential biocontrol agents to soil and seed

borne pathogens whereas Metarhizium anisopliae, Beauveria bassiana and Verticillium lecanii
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are entomopathogenic in nature. Biocontrol agent Paecilomyces lilacinus is nematopathogenic in

nature.

3.1.6 Chemical pesticides
In the present study six fungicides, six herbicides and six insecticides were selected for
testing the compatibility with fungal biocontrol agents. Pesticides were selected which is easily

available in market and commonly used by farmers for various diseases and pests management in

the different crops.

Table 1. Fungicides

Sr. No. Name of fungicide Trade name
1 Captan 50% WP Captaf
2 Carbendazim 12% + Mancozeb 63% WP Starlet
3 Thiophenate Methyl 70% WP Roko
4 Copper oxychloride 50% WP Blitox
5 Azoxystrobin 11% + Tebuconazole 18.3% W/W SC Custodia
6 Ametoctradin 22% + Dimethomorph 20% EC Zampro
Table 2. Herbicides
Sr. No. Name of herbicide Trade name
1 Fomesafen 11.1% W/W + Flauzifop-p-Butyl Eusiflex
11.1%W/W SL
2 Metribuzin 70% WP Adrino
3 Sulfentrazone 28% + Clomazone 30% WP Authority
4 Glyphosate 41% SL Touchdown
5 Oxyfluorofen 23.5% EC Goal
6 Carfentrazone ethyl 40% DF Affinity
Table 3. Insecticides
Sr. No. Name of insecticide Trade name
1 Chlorantraniliprole 18.5% SC Coragen
2 Imidachloprid 48% SL Gaucho
3 Emamectin benzoate 5% WP Rilon
4 Spinosad Tracer
. Thimethoxam 12.6% + Lambda cyhalothrin 9.5% Alika
ZC
6 Acetamiprid 20% SP Manik
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3.1.7 Culture medium
Potato Dextrose Agar (PDA) medium was used in poisoned food technique, as growth

medium for biocontrol agents and also used for multiplication of cultures.

Table 4. Composition of PDA medium

Sr. No. Content Quantity
1 Peeled potato 200 g
2 Dextrose 209
3 Agaragar 159
4 Distilled water 1000 ml

3.2 Methods
3.2.1 Multiplication of cultures
The fresh cultures of biocontrol agents are available at Mahatma Phule Krishi

Vidyapeeth, Rahuri and Rajarshee Chattrapati Shahu Maharaj College of Agriculture, Kolhapur.

All six fungal biocontrol agents are maintained on the potato dextrose agar (PDA)
medium, which is autoclaved for 20 minutes at 121°C. PDA medium was sanitised and put into
sterile Petri dishes. These Petri plates were injected with new biocontrol agent cultures using a
sterile inoculation needle after the medium had solidified. For 5-7 days, these plates were
incubated at 28 + 2 °C.

3.2.2 Preparation of PDA medium

For the preparation of PDA medium fresh potatoes were used. Firstly potatoes were
washed thoroughly with tap water and peeled by using hand peeler. After peeling small pieces
were made by cutting and boiled in the proportion of 200 gm of potato pieces in 1000 ml double
distilled water. After cooling potato extract was strained through strainer in beaker and
maintained volume one litre by adding double distilled water. For one litre potato extract, 20 gm

dextrose and 15 gm agar agar was added.

3.2.3 Preparation of containers
Required quantity of medium was prepared by pouring 100 ml of PDA medium in
each conical flask (250 ml) by using measuring cylinder. Prepared flasks plugged tightly by

sterilized cotton and mouth of flask wrapped with paper and rubber.

3.2.4 Sterilization of PDA medium and glassware’s
Conical flasks containing PDA medium was sterilized in autoclave at 121 °C
temperature and 15 psi pressure for 15 minutes. Glassware’s like, Petriplates, beakers and test

tubes were sterilized in hot air oven at 180 °C temperature for 15 minutes.
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3.2.5 Preparation of medium with pesticides

After sterilization, allowed medium to cool at near the 40 °C and precisely measured
doses of chemical pesticides are added into the medium into each conical flask respectively.
About 20 ml of PDA medium amended with various chemical pesticides is poured into each 9
cm sterilized Petri plate. Without pesticide amended medium served as control. A micro-pipette
was used for measuring the quantity of liquid pesticides. All the Petri plates allowed to

solidifying. Each treatment was performed in four replications.

3.2.6 Chemical pesticides and their concentrations

The in vitro bio-efficacy of pesticides was determined by the poisoned food technique
(Nene and Thapliyal, 1993). Six different fungicides, six herbicides and six insecticides were
selected for this study. All about eighteen chemical pesticides were used according to the

recommended application rate for field crops.

Table 5. Concentration of fungicides

Sr. no. | Treatment Chemical name Trade name Application
rate/100 ml

1 Ty Captan 50% WP Caftaf 0.3¢g

i 0 0,

5 T, \C/:VaFr)bendamm 12% + Mancozeb 63% Starlet 03¢

3 T3 Thiophenate methyl 70% WP Roko 0.05¢g

4 T, Copper oxychloride 50% WP Blitox 0.3¢g

Azoxystrobin 11% + Tebuconazole .
5 Ts 18.3% W/W SC Custodia 0.1 ml
Ametoctradin 22% + Dimethomorph
6 Ts 20% EC Zampro 0.2 ml
7 T, Control - -
Table 6. Concentration of herbicides
Sr. Treatment Chemical name Trade name Application
no. rate/100 ml
Fomesafen11.1% W/W + flauzifop-p- :
1 Ty butyl 11.1% W/W SL Fusiflex 0.3ml
2 T, Metribuzin 70% WP Adrino 0.05¢g
0 0,

3 T, \S/\l/JILfentrazone 28% + Clomazone 30% Authority 04g

4 T, Glyphosate 41% SL Touchdown 0.8 ml

5 Ts Oxyfluorofen 23.5% EC Goal 0.2ml

6 Ts Carfentrazone ethyl 40% DF Affinity 0.01g

7 T7 Control - -




Table 7. Concentration of insecticides

19

ok Treatment Chemical name Trade name Application
no. rate/100 ml

1 T, Chlorantraniliprole 18.5% SC Coragen 0.03 ml

2 T, Imidachloprid 48% SL Gaucho 0.03ml

3 Ts Emamectin benzoate 5% WP Rilon 0.04 g

4 T, Spinosad Tracer 0.03 ml

Thimethoxam 12.6% + lambda .

> Ts cyhalothrin 9.5% ZC Alika 0.1ml

6 Te Acetamiprid 20% SP Manik 0.05¢g

7 T; Control - -

3.2.7 Inoculation of the medium with mycelial mat

After the medium has solidified, biocontrol agents are injected aseptically by
transferring a circular 5 mm diameter disc produced from sterilised cork-borer from an actively
developing 7 day old culture of the fungal biocontrol agent to the middle of the Petri dish. At
282 °C, inoculated Petri plates are incubated. (Kos and Celar, 2016)

3.2.8 Estimation of daily fungal colony growth

Observations of the mycelial growth of biocontrol agents were recorded by measuring
the diameter (mm) of radial growth by using the measuring scale. Observations of four
replications are recorded every 24 hours till 7 days are completed. The growth inhibition of
biocontrol agents was estimated by using the following formula given by Vincent (1947) and per

cent inhibition of mycelial growth was obtained.

1= X 100
C

Where,
| = Percent growth inhibition.
C = Colony diameter in control (mm).
T = Colony diameter in treatment (mm).

3.2.9 Statistical analysis
All laboratory work was carried out in Completely Randomized Design, with four
replications and seven treatments. Six treatments of chemical pesticide and seventh is control.
Data obtained which is in per cent format were transformed in arcsine format.

Transformed data was subjected to analysis of variance.
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4. RESULTS AND DISCUSSION

Laboratory studies were conducted to study the compatibility of biocontrol agents with
fungicides, herbicides and insecticides. The results obtained in this study have been explained
and discussed here. According to the reference of Ambethgar (2009), all the tested chemical
pesticides were classified in four categories based on per cent inhibition in mycelial growth of
fungal biocontrol agents: 1 = toxic (> 50%), 2 = moderately toxic (35-50%), 3 = slightly toxic
(25-35%) and 4 = compatible (< 25% inhibition). The chemical pesticides were toxic or

compatible is confirmed by inhibition per cent at 144 hrs.

4.1 Compatibility of Trichoderma viride with chemical pesticides.
In the present investigation compatibility of Trichoderma viride is tested with six

fungicides, six herbicides and six insecticides.

4.1.1 Effect of fungicides on Trichoderma viride.

Among the six fungicides (Table 8), Trichoderma viride showed a high incompatibility
with the fungicides carbendazim + mancozeb (0.0 mm mycelial growth) and azoxystrobin +
tebuconazole (0.0 mm) in which 100 per cent inhibition of mycelial growth was observed, from
24 to 144 hours, in the case of both fungicides. Also, the fungicides, captan (27.37 mm),
thiophenate methyl (36.75 mm), and copper oxychloride (37.75 mm), showed inhibition per cent
of 67.12, 55.86, 54.65 respectively and found toxic. Ametoctradin + diamethomorph (51.75 mm)
showed inhibition 37.84 per cent and proved moderately toxic. Inhibition per cent is decreased

with days after inoculation is increased.

All the fungicides were found incompatible with Trichoderma viride. The result of the
effect of fungicides on Trichoderma viride obtained in this study is in accordance with previous
findings of Gampala and Pinnamaneni (2010) which proved that the Trichoderma viride was

incompatible with the fungicides carbendazim and thiophenate methyl.

4.1.2 Effect of herbicides on Trichoderma viride.

Out of the the six herbicides (Table 9), carfentazone ethyl (78.15 mm mycelial growth)
was found fully compatible with Trichoderma viride, which showed inhibition of 6.13 per cent at
144 hrs and 1.44 per cent at 72 hrs, followed by fomesafen + flauzifop-p-butyl (75.80 mm),
oxyfluorofen (66.02 mm) and metribuzin (65.12 mm) which showed mycelial growth inhibition
of 8.95, 20.69 and 21.77 per cent respectively and found completely compatible. Herbicide
glyphosate (45.55 mm) was found moderately toxic showed inhibition of 45.29 per cent. 100 per
cent mycelial growth inhibition was recorded at all 24 hrs to 144 hrs with treatment sulfentazone
+ clomazone (0.0 mm) and proved completely incompatible. In compatible herbicides inhibition

per cent is constantly decreased with increasing days after inoculation.
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Among the herbicides, the results obtained in this study are in agreement with earlier
experiments (Bindhu Madhavi et al. 2011) which suggested that oxyfluorofen was compatible

and glyphosate was moderately toxic to Trichoderma viride.
4.1.3 Effect of insecticides on Trichoderma viride.

Trichoderma viride was fully compatible with all insecticides (Table 10), Emamectin
benzoate (82.65 mm) and spinosad (81.65 mm) had no effect on inhibition of mycelial growth,
which showed 0.72 and 1.92 per cent inhibition respectively. Trichoderma viride is also
completely compatible with chlorantraniliprole (77.57 mm), imidachloprid (77.57 mm),
acetamiprid (68.87 mm) and thimethoxam + lambda cyhalothrin (67.42 mm), which showed
inhibition of 6.82, 6.82, 17.27 and 19.01 per cent respectively. At 24 and 48 hrs, inhibition per
cent is high and decreased at 72, 96, 120 and 144 hrs respectively.

Dhanya et al. (2016) studied and reported that insecticides spinosad, imidachloprid and
chlorantraniliprole were 100 per cent compatible; whereas thimethoxam and acetamiprid showed
15.5 and 15.5 per cent inhibition of mycelial growth of Trichoderma viride, respectively. (Bindu
madhavi et al. 2011) also reported that imidacloprid was highly compatible with Trichoderma

viride. The results of this in vitro study also gave the same results as those of earlier reports.



Table 8. Effect of fungicides on the colony growth of Trichoderma viride.
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Average colony diameter of Trichoderma viride (mm) Toxicity
Treatments Level
% % % % % % eve
24hrs | hibition | 481 | nnibition | 721" | inhibition | %8 ™S | innibition | 229 'S | inhibition | 144 M | innibition
T, | 9254 60.56 80.03 72.21 68.79 67.12 Toxic
Captan 0-50% 1 74 14y%x | 850 | (5109) | 1075 | (g345) | 1905 | (5g15) | 2465 | se01y | 2737 | (5502
T, i
. 100.00 100.00 100.00 100.00 100.00 10000 | Toxic
Camgs;g\ *1 000 1 90000 | %9 | (90.00) | %90 | @o00) | %% | 90.00) | %% | @o.00) | % | (90.00)
T, i
. 80.60 82.25 68.79 68.53 54.23 55.86 Toxic
Thxgmayr}ate 130 | 230 | 382 | gaom | 680 | coom | 225 | ecee) | 315 | a7y | 375 | case
T, i
81.34 68.79 63.68 58.42 53.69 54.65 Toxic
ox(;gf?lpc))?: . 1251 6aa1) | 972 | s6.03) | | (5204) | 240 | (a082) | 57 | @707) | ¥ | (a767)
T .
. 100.00 100.00 100.00 100.00 100.00 10000 | Toxic
Azoxystrobin+ | 0.00 0.00 0.00 0.00 0.00 0.00
ZOXYStrObiR (90.00) (90) (90.00) (90.00) (90.00) (90.00)
Te
. 86.94 83.76 69.35 59.34 41.44 37.84 | Moderately
gﬁ;ﬁﬁ;ﬁi:ﬁ; 087 | (68.99) | 39 | (e6.28) | 1°0 | m6.37) | 2870 | (m0.38) | *0%° | (39.89) | °17° | (37.92) | Toxic
T 0.00 0.00 0.00 0.00 0.00 0.00
Control 670 1 000y | 2% | 0oo) | 382 | (0oo) | %70 | (0oo) | 8% | (000) | 8% | (0.00)
SEms+ 004 | 066 | 017 | 052 | 035 | 040 | 069 | 057 | 098 | o084 | 097 | 073
CDat1% | 014 | 194 | 050 | 154 | 1.05 | 119 | 204 | 168 | 290 | 248 | 286 | 214

* Data is average of four replications

()** = Figures in parenthesis are arcsine transformed value




Table 9. Effect of Herbicides on the colony growth of Trichoderma viride
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Average colony diameter of Trichoderma viride (mm) Toxicity
Treatments level
% % % % 120 % 144 % eve
24118 | \nhibition | * 'S | innibition | "2™ | inhibition | %™ | inhibition | hrs | nhibition | hrs | Inhibition
T
Fomesafen+ x 77.61 54.76 52.16 41.30 17.82 8.95 Compatible
Flauzifop-p- | 220 | 6rony=* | %7 | @771) | 70 | @e24) | Y0 | 3095 | 8490 | 2a85) | 80 | (17.38)
butyl
T 70.15 4826 29.23 42.04 23.77 2177 | Compatible
Metribuzin | >0 | @e.88) | 110 | @309) | 2732 | (aas5) | 4097 | (4036) | 000 | (2880) | 1% | (2757)
Ty .
100.00 100.00 100.00 100.00 100.00 10000 | Toxic
Sulfentrazone+ | 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00)
Clomazone
T, 72.76 5557 2431 49.01 2644 4529 | Moderately
Glyphosate | 82 | s85a)y | ¥°7 | (ag19) | %% | (a172) | 3005 | (aaa0) | 4230 | (a292) | 0 | a220) | Toxic
Ts 56.72 48.72 32.42 35.18 23.55 2069 | Compatible
oxyfluorofen | 290 | (ag8e) | 10 | (aa24) | 3037 | (3a67) | 82 | (3633) | 9937 | (2880) | 002 | (26.82)
Ts .
23,51 22.85 1.44 7.89 3.61 6.3 | Compatible
CarfErtl;[]r;Izone 5.12 (28.98) 16.62 (28.52) 53.05 (6.25) 65.12 (16.11) 76.12 (8.73) 78.15 (14.01)
T, 0.00 0.00 0.00 0.00 0.00 0.00
Control 670 | 000y | 2| ooy | 382 | ©oo) | 00| ooy | % | ©o0) | 832 | (0.00)
SEme 008 | 084 | 027 | 08 | 064 | 092 | 111 | 105 | 109 | 18 | 158 | 149
CDat1% | 023 | 247 | 081 | 242 | 188 | 271 | 327 | 310 | 322 | 552 | 466 | 440

* Data is average of four replications

()** = Figures in parenthesis are arcsine transformed value




Table 10. Effect of Insecticides on the colony growth of Trichoderma viride
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Average colony diameter of Trichoderma viride (mm) Toxicity
Treatments level
% % % % % % eve
24118 | \nhibition | *8""S | nhibition | "2 " | innibition | %™ | nhibition | *2° ™ | innibition | 141" | inhibition
T
465% | 30,60 2784 | 5312 | 130 9.16 478 6.82 .
Cnhl'lcl’gfgltga 3358)%* | 129 | (31.73) 638) | 8422 | (734 | ™20 | @132 | 77 | (1a17) | Compatible
T, 282 | 27.99 2749 | 5305 | 144 951 5.38 6.82 .
Imidacloprid 3193) | %% | (31.43) o) | 839 | azen | 72| (1132 | 7% | (1a60) | COmPpatidle
T3
| 150 | 7762 56.38 34.84 20.72 5.73 0.72 .
Etr)r;?]rznoe;:ttem (61.76) 9.40 (48.62) 35.07 (36.07) 56.05 (26.83) 74.45 (13.83) 82.65 (4.10) Compatible
T, 175 | 73.88 26.91 153 22.35 171 1.92 .
Spinosad (59.32) 15.75 (30.93) 53.00 (6.15) 54.90 (28.12) 77.62 (7.23) 81.65 (7.79) Compatible
Ts
Thimethoxam+ | 1.75 | 73.88 7077 | 37.65 | 3005 29.70 18.77 19.01 .
Lambda 59.48) | 830 | (57.23) 33.08) | 970 | (3288) | 8415 | (2557) | 6742 | (25.67) | COmpatible
cyhalothrin
Ts 220 | 3731 5406 | 39.05 | 27.45 28.15 16.97 17.27 .
Acetamiprid 3765 | 290 | (4729 3139) | 2980 | (3189) | %7 | (2a33) | 887 | (0447 | CoOmpatible
T, 0.00 0.00 0.00 0.00 0.00 0.00
Control 6.70 ' 000y | 2 | 000y | 2% | 000y | 00| 000y | B | (0o0) | B® | (0.00)
SEms 041 | 112 | 034 | 139 | 113 | 188 | 117 | 161 | 157 | 202 | 156 | 177
CDat1% | 032 | 330 | 102 | 411 | 334 | 553 | 346 | 475 | 461 | 594 | 461 | 522

* Data is average of four replications

()** = Figures in parenthesis are arcsine transformed value
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4.2 Compatibility of Trichoderma harzianum with chemical pesticides.
In the present investigation compatibility of Trichoderma harzianum is tested with six

fungicides, six herbicides and six insecticides.

4.2.1 Effect of fungicides on Trichoderma harzianum.

Among the fungicides (Table 11), ametoctradin + diamethomorph (52 mm mycelial
growth) inhibited growth by 37.87 per cent and was found to be moderately toxic. The biocontrol
agent Trichoderma harzianum was completely incompatible with the fungicides carbendazim +
mancozeb, copper oxychloride and azoxystrobin + tebuconazole, which showed 100 per cent
growth inhibition and 0.0 mm average mycelial growth at 24 to 144 hrs. Captan (11.55 mm) and
thiophenate methyl (12.80 mm) also proved toxic to the growth of Trichoderma harzianum
which showed 86.20 and 84.71 per cent growth inhibition. In the exception of fungicide
ametoctradin + diamethomorph, inhibition per cent in all fungicides is above 80 per cent at 24 to
144 hrs.

The fungicide ametoctradin + diamethomorph was found to be moderately toxic and
the remaining all fungicides were incompatible with Trichoderma harzianum. Bhosale and
Borade (2015) also suggested that copper oxychloride was highly incompatible with
Trichoderma harzianum. Saxena et al. (2014) also reported that thiophenate methyl was found
incompatible with Trichoderma harzianum. Bhale and Rajkonda (2015) showed that
concentrations of mancozeb above 5000 pg/ml and captan above 500 pg/ml inhibited the

mycelial growth of Trichoderma species.

4.2.2 Effect of herbicides on Trichoderma harzianum.

In the case of herbicides (Table 12), only carfentrazone ethyl was found compatible,
which showed 75.82 mm mycelial growth and 9.41 per cent inhibition. Glyphosate (59.87 mm)
inhibited mycelial growth by 28.46 per cent and proved slightly toxic. Oxyfluorofen (46.62 mm)
was found moderately toxic and showed 44.30 per cent inhibition followed by metribuzin (51.02
mm) inhibited mycelial growth by 39.04 per cent. High mycelial growth inhibition was recorded
91.49 per cent, within the treatment sulfentrazone + clomazone (7.12 mm), followed by
fomesafen + flauzifop-p-butyl (30.27 mm) which showed 63.83 per cent inhibition. In the
treatment of sulfentrazone + clomazone, growth inhibition is high from 24 to 144 hrs.

Only one herbicide, carfentrazone ethyl, was found compatible with Trichoderma
harzianum, while glyphosate was found slightly toxic. Oxyfluorofen and metribuzin proved
moderately toxic. Mohamed and Radwan (2017) also reported that oxyfluorofen and glyphosate

are moderately toxic.
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4.2.3 Effect of Insecticides on Trichoderma harzianum.

Out of six insecticides (Table 13), imidachloprid (78.40 mm) was found highly
compatible with Trichoderma harzianum which showed 6.33 per cent inhibition, followed by
acetamiprid (77.82 mm), spinosad (74.80 mm), imamectin benzoate (67.87 mm) and
chlorantraniliprole (66.05 mm) which showed inhibition of 7.02, 10.63, 18.91 and 21.09 per cent
respectively. Thimethoxam + lambda cyhalothrin (58.22 mm) was slightly toxic and inhibited
myecelial growth by 30.44 per cent. In the treatment of chlorantraniliprole and thimethoxam +

lamda cyhalothrin at 24 hrs, inhibition was high i.e. 44.08 and 58.73 per cent respectively.

Except for the insecticide thimethoxam + lambda cyhalothrin, all insecticides were
compatible with Trichoderma harzianum. The results of the present investigation are similar to
earlier studies (Thiruchchelvan et al. 2013) which showed that chlorantraniliprole, acetamiprid

and imidacloprid were compatible with the biocontrol agent Trichoderma harzianum.



Table 11. Effect of fungicides on the colony growth of Trichoderma harzianum
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Average colony diameter of Trichoderma harzianum (mm)

Treatment Toxicity
24 % 48 % 72 % 96 % 120 % 144 % Level
hrs | Inhibition | hrs | Inhibition | hrs | Inhibition | hrs | Inhibition | hrs | Inhibition | hrs | Inhibition

T, - 93.89 86.64 86.88 88.01 88.24 86.20 .
Captan 120% | 75 6gy%x | 392 | (e856) | &% | (6875) | "0 | (69.75) | O30 | (e096) | 11| (e819) | TOXC
T2
. 100.0 100.0 100.0 100.0 100.00 100.00 .
Ca;/t;;rr]\(cjs;rg\ + | 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) Toxic
T3
. 85.35 76.11 82.17 86.43 88.46 84.71 .
Thﬁsph?late 2.87 (67.49) 6.30 (60.73) 9.37 (65.01) 8.37 (68.40) 9.12 (70.19) 12.80 (67.02) Toxic
Ty
100.0 100.0 100.0 100.0 100.00 100.00 .
Oxggﬁlge;irde 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) Toxic
Ts
. 100.0 100.0 100.0 100.0 100.00 100.00 .
Arze(t))ﬁ;clsotrr]ggcl)rll;r 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) Toxic
Te
. 86.62 75.36 53.40 45.32 42.76 37.87 Moderately
g?ne;fﬁgﬁg'rg; 262 1 gg56) | O%0 | (6025) |2*0 | we92) | 3370 w220 | | (4082 | %20 (37.99) Toxic
T, 0.00 0.00 0.00 0.00 0.00
Control 19.62 (0.00) 26.37 (0.00) 52.57 (0.00) 61.72 (0.00) 79.05 (0.00) 83.70 (0.00)
SEmz+ 0.11 0.16 0.18 0.29 0.33 0.39 0.46 0.46 0.54 0.54 0.70 0.47
CD at 1% 0.32 0.47 0.54 0.87 0.98 1.15 1.37 1.37 1.60 1.59 2.07 1.40

* Data is average of four replications

()** = Figures in parenthesis are arcsine transformed value




Table 11. Effect of herbicides on the colony growth of Trichoderma harzianum
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Average colony diameter of Trichoderma harzianum (mm) Toxicity
Treatments
24 % 48 % 72 % 9% % 120 % 144 % level
hrs Inhibition hrs Inhibition hrs Inhibition hrs Inhibition hrs Inhibition hrs Inhibition
T
Fomesafen+ - 80.13 68.82 66.19 67.52 64.64 63.83 .
Flauzifop-p- | 590 | (6353 | 8% | (s6.00) | 1777 | (s4.42) | 209%| (5520 | 27| (5352) | 39?7 | (53.03) Toxic
butyl
T, 62.04 35.36 42.84 4852 57.81 39.04 | Moderately
Metribuzin | " | 1.93) | 70| @e28) |39 @osy) || @a12) | B3] (a949) | %192 | (38.66) Toxic
T3
94.27 85.59 90.68 91.54 91.30 91.49 .
Sulfentrazone+ 1.12 (76.16) 3.80 (67.65) 4.90 (72.24) 5.22 (73.08) 6.87 (72.94) 7.12 (73.06) Toxic
Clomazone
T. 34.78 21.23 39.51 34.83 31.85 28.46 Slightly
Glyphosate | 289 | @6.00) | 2077 | 711) | 3180 (3s8s) | 4022 | @ea1) | 387 | (zaz0) | %8| (3223) | Toxic
Ts 70.96 63.79 64.38 62.66 60.31 4430 | Moderately
oxyfluorofen | >0 | 737y | ¥°° | (5285 | 1872 | s332) || 233 |37 s097) | 002 | 167 Toxic
Te
36.05 27.49 31.91 23.53 30.27 9.41 .
Carfi?rt];f:zone 12.55 (36.81) 19.12 (31.38) 35.80 (34.38) 47.20 (28.93) 55.12 (33.36) 75.82 (17.71) Compatible
T, 0.00 0.00 0.00 0.00 0.00 0.00
Control 19621 000y |2%37| ooy [°%%| ooy |OF7?| (0oo) | P (000 | %70 (0.00)
SEm+ 0.24 0.92 0.45 1.28 0.63 0.87 1.00 1.06 1.21 1.01 155 1.17
CD at 1% 0.72 272 1.35 3.78 1.86 2.56 2.96 3.12 3.58 2.97 457 3.45

* Data is average of four replications

()** = Figures in parenthesis are arcsine transformed value




Table 13. Effect of insecticides on the colony growth of Trichoderma harzianum
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Average colony diameter of Trichoderma harzianum (mm)

Toxicity
Treatments Level
24 hrs % 48 % 72 % 96 % 120 % 144 % eve
Inhibition hrs Inhibition hrs Inhibition hrs Inhibition hrs Inhibition hrs Inhibition
Ty
44.08 32.23 32.19 16.73 21.09 21.09 .
_ *
Cg:ﬁgargtlrea 10.97 (41.57)** 17.87 (34.42) 35.65 (34.47) 51.40 (23.34) 62.37 (26.98) 66.05 (27.14) Compatible
T, 17.32 11.09 26.06 20.41 25.21 6.33 .
Imidacloprid | 1022 | @a52) | 2| (1733 3887 | @oe1) |12 | (683 |°%1?| (3003) | 84| (1a37) | Compatible
T3
. 26.37 9.19 17.64 19.85 29.51 18.91 .
Etr)r;?]rznoeacttem 14.45 (30.79) 23.95 (15.18) 43.30 (24.26) 49.47 (26.35) 55.72 (32.85) 67.87 (24.75) Compatible
T, 29.30 15.45 5.14 12.03 16.03 10.63 .
Spinosad 13.87 (32.72) 22.30 (22.35) 49.87 (12.65) 54.30 (20.15) 66.37 (23.35) 74.80 (18.61) Comepatible
Ts
Thimethoxam+ 58.73 47.39 43.18 41.84 39.72 30.44 Slightly
Lambda 810 | w012y | 1387 (a336) | 29| aro1) | 0| @o2s) [470%| (3007) | B2 | (3345 | Toxic
cyhalothrin
Te 25.48 20.85 28.72 21.75 28.84 7.02 .
Acetamiprid | 492 | 0.26) | 2% | (6.99) |3 | (3232) | 30| (765) | 02| (3046) | (782 | (1515 | Compatible
T, 0.00 0.00 0.00 0.00 0.00 0.00
Control 1962 1 000y [%537| o0y [°%%| o0y |%%7?| ooy || ooy |B0] (0.00)
SEmz+ 0.40 1.11 0.58 2.97 1.17 1.80 1.24 1.80 1.77 1.65 2.04 2.25
CD at 1% 1.20 3.26 1.71 8.74 3.45 5.31 3.66 5.31 5.21 4.85 6.00 6.63

* Data is average of four replications

()** = Figures in parenthesis are arcsine transformed value
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4.3 Compatibility of Metarhizium anisopliae with chemical pesticides.
In the present investigation compatibility of Metarhizium anisopliae is tested with six

fungicides, six herbicides and six insecticides.

4.3.1 Effect of fungicides on Metarhizium anisopliae.

Among the fungicides (Table 14), carbendazim + mancozeb, copper oxychloride and
azoxystrobin + tebuconazole inhibit the mycelial growth 100 per cent from 24 to 144 hrs and are
totally incompatible with Metarhizium anisopliae. Also, fungicide ametoctradin +
diamethomorph (3.0 mm) proved completely incompatible, which showed 95.96 per cent
inhibition, followed by captan (13.62 mm) and thiophenate methyl (14.25 mm) which showed
81.64 and 80.80 per cent inhibition of mycelial growth respectively. In all fungicides at 24 to 144

hrs, inhibition of mycelial growth was found constant and above 80 per cent.

All fungicides were found to be fully incompatible with Metarhizium anisopliae,
which completely inhibits the mycelial growth. Khun (2020) reported that carbendazim was
incompatible with Metarhizium anisopliae.

4.3.2 Effect of herbicides on Metarhizium anisopliae.

Among the herbicides (Table 15), only one herbicide, metribuzin (18.95 mm), proved
moderately toxic, inhibiting mycelial growth by 47.37 per cent. Herbicides, sulfentrazone +
clomazone, at 24 to 144 hrs, inhibit mycelial growth 100 per cent and is totally incompatible
with Metarhizium anisopliae. Oxyfluorofen (18.95 mm) was found incompatible with which
showed inhibition 74.46 per cent, followed by glyphosate (24.30 mm), fomesafen + flauzifop-p-
butyl (28.95 mm) and carfentrazone ethyl (32.15 mm) which showed respective inhibition of
67.25, 60.98 and 56.67 per cent. Only one herbicide, metribuzin (18.95 mm), proved moderately
toxic, inhibiting mycelial growth by 47.37 per cent.

4.3.3 Effect of insecticides on Metarhizium anisopliae.

The experimental results indicated that (Table 16) acetamiprid (57.47 mm) inhibited
22.54 per cent of the mycelial growth of Metarhizium anisopliae and was found compatible,
followed by chlorantraniliprole (56.55 mm) and spinosad (56.40 mm) which reduced the
mycelial growth by 23.79 and 23.99 per cent respectively. Insecticides imidachloprid (46.27
mm) and emamectin benzoate (43.32 mm) reduced mycelial growth by 37.63 and 41.61 per cent
and were found to be moderately toxic. Thimethoxam + lambda cyhalothrin (34.55 mm) proved

toxic, which showed inhibition 53.44 per cent.

The insecticides acetamiprid, chlorantraniliprole and spinosad were found compatible
with the biocontrol agent Metarhizium anisopliae. The obtained results are similar to earlier

reports (Akbar et al. 2012) that showed that acetamiprid, chlorantraniliprole and spinosad were
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highly compatible with Metarhizium anisopliae. Joshi et al. (2018) also reported that
chlorantraniliprole is compatible with Metarhizium anisopliae. Kakati et al. (2018) suggested

that imidachloprid was compatible with Metarhizium anisopliae.



Table 14. Effect of fungicides on the colony growth of Metarhizium anisopliae
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Average colony diameter of Metarhizium anisopliae (mm) Toxicit
Treatments Levely
% % % % % %
24h0rs | | ohibition | 8™ | innibition | 2™ | 1nhibition | 2° ™S | nnibition | 229 ™S | Inhibition | 1* ™S | Inhibition
T, [ 100.00 100.00 95.34 86.36 83.12 81.64 .
Captan 0.00% | go.00pe+ | 900 | (g9000) | 2% | (7756) | 0 | 6832 | 07% | (e5.74) | 1302 | (6aee) | TOXIC
T,
. 100.00 100.00 100.00 100.00 100.00 100.00 .
Camgrr:gg;rg] #1000 | i | 000 | i | 000 | ron | 090 | gron | 090 | grony | 00 | gpooy | Toxic
T3
. 93.14 86.04 85.22 81.12 80.84 80.80 .
Th:ﬁgtr;]e;}ate 2.05 (74.82) 5.30 (68.10) 6.50 (67.38) 9.82 (64.25) 12.17 (64.04) 14.25 (64.01) Toxic
Ty
100.00 100.00 100.00 100.00 100.00 100.00 .
Oxggﬁ%ﬂ . 000 | 9000) | %% | o00) | % | @000y | %% | 90.00) | %9 | 90.00) | %% | (90.00) | TOXIC
Ts
. 100.00 100.00 100.00 100.00 100.00 100.00 .
?éﬁﬁ)égt;ggg;; 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) Toxic
Te
. 100.00 100.00 98.29 97.12 96.46 95.96 .
g%egfhcérrﬁg'rg; 000 1 w9000y | %90 | @oo00) | %7 | @34a7) | 0 | (go3s) | %%° | (79200 | 300 | (78.40) | TOXIC
T, 0.00 0.00 0.00 0.00 0.00 0.00
Control 2987 1 000y | ¥ | 0o00) | B | 000 | %% | ©oo) | B | ooy | "% | (0.00)
SEmz 013 | 009 | 020 | 034 | 029 | o084 | 028 | 040 | 037 | 036 | 042 | 040
CDat1% | 041 | 027 | 059 | 100 | 087 | 248 | 084 | 120 | 108 | 106 | 125 | 1.0

* Data is average of four replications

()** = Figures in parenthesis are arcsine transformed value
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Table 15. Effect of herbicides on the colony growth of Metarhizium anisopliae

Average colony diameter of Metarhizium anisopliae (mm) Toxicity
Treatments
24 hrs % 48 hrs % 72 hrs % 96 hrs % 120 % 144 0 Level
Inhibition Inhibition Inhibition Inhibition hrs Inhibition hrs Inhibition
Ty
Fomesafen+ - 96.65 96.45 86.70 72.81 63.69 60.98 :
Flauzifop-p- | 290 | 795y | 135 | (7018) | °8 | e860) | 141° | (s856) | 207 | (5295) | B | (5134) | TOXC
butyl
T, 60.33 52.73 46.73 47.84 49.72 4737 | Moderately
Metribuzin | 128 | 0.4y | 17 | @ess) | 224 | @w312) | T | @374y | 3P| wasay | 399 | 3s0) | Toxic
T3
100.00 100.00 100.00 100.00 100.00 100.00 .
Suclflentrazone+ 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) Toxic
omazone
T, 91.55 83.15 81.47 65.75 66.33 67.25 .
Glyphosate | 222 | (7311) | %20 | 6576) | 810 | (eas0) | Y82 | sa1s) | 2140 | (mas1) | 2430 | (s510) | TOXIC
Ts 88.62 80.78 78.85 76.32 76.08 74.46 .
oxyfluorofen | >40 | (7028) | 730 | (6a01) | ®30 | 6263 | %% | 6094) | PO | 60.72) | 18 | (5066) | TOXIC
Ts
78.16 72.81 67.60 57.16 54.80 56.67 .
CarfET;[]r)/zallzone 6.52 (62.21) 10.32 (58.59) 14.25 (55.33) 22.30 (49.09) 28.72 (47.79) 32.15 (48.83) Toxic
T 0.00 0.00 0.00 0.00 0.00 0.00
Control 2987 1 000y | 37T | 000y | Y| o0y | 2% | (000 | B | ©oo) | 0 | (0.00)
SEm+ 0.26 0.56 0.30 054 | 042 0.58 0.64 0.77 0.80 064 | 089 0.66
CD at 1% 0.78 1.65 0.90 1.61 1.23 1.73 1.88 2.28 2.35 1.91 2.62 1.94

* Data Average of four replications.

()** = Figures in parenthesis are arcsine transformed value.
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Table 16. Effect of insecticides on the colony growth of Metarhizium anisopliae

Average colony diameter of Metarhizium anisopliae (mm) Toxicity
Treatments
Level
% % % % 120 % 142 %
24hrs | hibition | 8" | nhibition | "2 | nhibition | 2 ™ | inhibition | hrs | Inhibition | hrs | Inhibition
Ty
.| 7155 50.69 46.28 35.83 34.23 23.79 .
Cnhill?gﬁgltéa 8.50 (57.76)* 18.72 (45.39) 23.62 (42.85) 33.40 (36.76) 41.80 (35.79) 56.55 (29.17) Compatible
T, 79.75 6550 55,66 33.96 3552 37.63 | Moderately
imidacloprid | ©%° | (6325) | 1310 | sa02) | 19°0 | (as2a) | 3437 | 3563) | 409 | (3659) | 027 | (37.83) | Toxic
T3
. 88.95 67.48 54.92 42.32 42.17 4161 | Moderately
E&?\Tj&g” 330 | 7058y | 123 | m524) | 82 | 781y | 2002 | o057y | 07 | woan | 32| (4016) Toxic
T, 5439 39.30 39.06 24.16 24.15 23.99 .
spinosad | 282 | (a7s50) | 2395 | (3879) | 2680 | (3se6) | 304 | (2931) | B0 | (2942) | 640 | (pg3p) | Compatible
Ts
Thimethoxam+ 82,59 74.92 65.78 61.19 62.51 53.44 .
Lambda 520 | e5a5) | 992 | (5008) | ¥ | sa20) | 200 | s147) | 2382 | (5223) | 34 | wege) | TOXC
cyhalothrin
Ts 7113 51.81 52.87 4774 36.98 2254 .
Acetamiprid | 282 | (5749) | 1830 | eo03) | 2972 | @esa) | 2720 | 3es) | 100° | (37.40) | O | (28.32) |Compatible
T, 0.00 0.00 0.00 0.00 0.00 0.00
Control 2987 1 000y | ¥ | 000y | BV | 000) | | ©o0) | B | 000 | 0| (000
SEms 032 | 080 | 055 | 087 | 057 | 073 | 083 | 099 | 114 | 111 | 1.22 | 099
CDat1% | 096 | 237 | 164 | 256 | 168 | 216 | 244 | 291 | 336 | 328 | 359 | 291

* Data Average of four replications

()** = Figures in parenthesis are arcsine transformed value
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4.4 Compatibility of Verticillium lecanii with chemical pesticides.
In the present investigation compatibility of Verticillium lecanii is tested with six

fungicides, six herbicides and six insecticides.

4.4.1 Effect of fungicides on Verticillium lecanii.

Out of six fungicides (Table 17), copper oxychloride proved moderately toxic (23.50
mm) which showed inhibition of 45.19 per cent, followed by ametoctradin + diamethomorph
(27.50 mm) which inhibited mycelial growth by 35.86 per cent. Carbendazim + mancozeb, at 24
to 144 hrs, completely inhibited the growth of Verticilllium lecanii and proved totally
incompatible, followed by azoxystrobin + tebuconazole (8.07 mm), thiophenate methyl (9.95
mm) and captan (10.25), which showed inhibition 81.17, 76.79 and 76.09 per cent respectively.

The growth response of Verticillium lecanii ranging from moderately toxic to toxic
with the above fungicides observed in this experiment is in agreement with earlier findings by
Hall (1981) who suggested that captan fungicide was toxic and by (Krishnamoorthy et al. 2007)
who reported that thiophenate methyl and carbendazim totally inhibited the mycelial growth of

Verticilliumm lecanii and proved incompatible with Verticillium lecanii.

4.4.2 Effect of herbicides on Verticillium lecanii.

In this experiment (Table 18), only one herbicide, carfentrazone ethyl (34.32 mm),
was found compatible with Verticillium lecanii, which shows mycelial growth 34.32 mm and
growth inhibition of 19.94 per cent. Fomesafen + flauzifop-p-butyl (28.15 mm) and metribuzin
(28.05 mm) were found slightly toxic, which showed inhibition 34.34 and 34.58 per cent
respectively. The herbicide glyphosate (22.05 mm) reduced the growth by 48.57 per cent and
proved moderately toxic, followed by oxyfluorofen (24.40 mm) which reduced the mycelial
growth by 43.09 per cent. From 24 hrs to 144 hrs, complete growth inhibition of Verticillium
lecanii was recorded with the treatment of sulfentrazone + clomazone, which is totally

incompatible.

According to these experimental findings, carfentrazone ethyl was compatible with

Verticillium lecanii and fully incompatible with sulfentrazone + clomazone.

4.4.3 Effect of insecticides on Verticillium lecanii.

Among the insecticides (Table 19), chlorantraniliprole was found fully compatible,
which shows myecelial growth of 37.40 mm and inhibition of 12.77 per cent, followed by
spinosad (37.05 mm) and emamectin benzoate (35.85 mm) which reduce mycelial growth by
13.59 and 16.38 per cent respectively. At 72 hrs, inhibition of mycelial growth is very low, i.e.
8.57 per cent. Insecticide acetamiprid (31.02 mm), found slightly toxic, reduced the mycelial
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growth by 27.64 per cent, followed by imidachloprid (30.82 mm) and thiamethoxam + lambda
cyhalothrin (30.25 mm), which reduced the growth by 28.10 and 29.45 per cent respectively.

The present investigation showed that insecticides chlorantraniliprole, spinosad and
emamectin benzoate were found completely compatible with Verticillium lecanii. Parallel results
are obtained as compared to previous reports by (Sword et al. 2011), (Pampapathy et al. 2011)
and (Kakati et al.2018). Alizadeh (2007) also reported that imidacloprid had no effect on

Verticillium lecanii.



Table 17. Effect of fungicides on the colony growth of Verticillium lecanii
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Average colony diameter of Verticillium lecanii (mm)

Treatments T(I):\I/(éllty
% % % % 120 % 144 %
24hrs |\ hibition | 28 | nnibition | 2™ | 1nhibition | %6 ™S | nhibition | hrs | Inhibition | hrs | Inhibition
T, | 5515 74.36 79.97 81.84 79.72 76.09 .
Captan 1527 1 az01yx | 230 | so0a) | 315 | (6340) | 08 | (eaze) | 810 | (6223) | 19 | eo71) | TOXIC
T,
. 100.00 100.00 100.00 100.00 100.00 100.00 .
Ca{ﬁ’iﬂ?ﬁi;? #1000 | 000 | %% | ooan | % | gooo | %% | @oon | °%° | @ooo | °%° | @ope | Tt
T3
. 70.59 74.86 74.24 78.66 76.72 76.79 .
Th:ggtr;]e;:ate 1.00 (57.18) 2.30 (59.90) 4.05 (59.52) 8.05 (62.47) 9.30 (61.15) 9.95 (61.19) Toxic
Ty
26.47 55.74 63.50 70.97 60.83 4519 | Moderately
ox(y:é)ﬁ%?.r . 250 1 3087) | 495 | s2s) | > | (5287) | 10 | r3g) | 1905 | s125) | B0 | @m221) | Toxic
Ts
. 100.00 75.96 81.24 86.88 83.67 81.17 .
q’é%ﬁsc/f)tr:gkz)(l)?; 0.00 (90.00) 2.20 (60.63) 2.95 (64.36) 4.95 (68.76) 6.52 (66.20) 8.07 (64.27) Toxic
Te
. 41.18 50.82 44.36 65.54 49.94 35.86 | Moderately
émfh%ﬁgm 200 | 3987) | 450 | asa7) | B0 | ar72) | B0 | saoay | 2090 | (aa96) | 270 | (3674) | Toxic
c:olzrol 340 | 000 | 915 | 000 | 15725 | o000 | 3772 | 000 | 3995 | 000 | 4287 | 0.00
SEm= 002 | 056 | 010 | 059 | 014 | 056 | 032 | 045 | 038 | 06l | 036 | 052
CDat1% | 008 | 165 | 029 | 175 | 042 166 | 095 | 133 | 112 | 181 | 107 | 153

* Data is average of four replications

()** = Figures in parenthesis are arcsine transformed value




Table 18. Effect of herbicides on the colony growth of Verticillium lecanii
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Average colony diameter of Verticillium lecanii (mm)

Trestments Tosicy
% % % % % %
24hrs 1 nhibition | *8 M | inhibition | 72 ™S | inhibition | %6 ™S | inhibition | 12° S | nhibition | 144 'S | Inhibition
Ty
Fomesafen-+ .| s5.88 63.93 57.94 74.42 4431 3434 | Slightly
Flauzifop-p- | 20 | @834y | 330 | 5306) | 002 | (a954) | 9% | sos9) | 22 | (a172) | B | (3570) | Toxic
butyl
T, 3235 66.67 68.25 76.01 49,81 3458 | Slightly
Metribuzin | >0 | @a52) | 3% | ase) | P | @572 | ¥ | 6065 | 0% | (4a91) | B | (3583 | Toxic
T3
100.00 100.00 100.00 100.00 100.00 100.00 .
Sucl:ﬁrr\;raazzgr?ee+ 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) Toxic
T, 64.71 56.83 50.95 5858 52.88 4857 | Moderately
Glyphosate | 20 | 5350) | 3% | @sss) | 7% | @ss3) | 0% | age1) | 1882 | weea) | 2% | (a406) | Toxic
Ts 38.24 59.02 57.30 75.08 5150 43.09 | Moderately
oxyfluorofen | 220 | @814y | 370 | s023) | 872 | (@9.19) | ¥4 | (60.06) | %7 | (a586) | 240 | (a084) | Toxic
Ts
51.47 39.62 28.89 51.49 28.66 19.94 .
Carfgm;a:zone 1.65 (45.78) 5.52 (38.99) 11.20 (32.45) 18.30 (45.83) 28.50 (32.34) 34.32 (26.15) Compatible
ol 340 | 000 | 915 | 000 | 1575 | 000 | 3772 | 000 | 3995 | 000 | 4287 | 0.00
SEms 003 | 086 | 012 | 055 | 018 | 087 | 030 | 046 | 054 | 078 | 066 | 141
CDat1% | 010 | 255 | 035 | 161 | 055 | 256 | 090 | 137 | 160 | 231 | 195 | 415

* Data is average of four replications

()** = Figures in parenthesis are arcsine transformed value




Table 17. Effect of insecticides on the colony growth of Verticillium lecanii
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Average colony diameter of Verticillium lecanii (mm)

Treatments Tﬁ)é:/(ielry
% % % % % %
241rs 1y onibition | *8 1" | inhibition | 72 ™S | inhibition | %6 ™S | inhibition | 12° S | nhibition | 144 M | Inhibition
Ty
.| 3824 22.95 12.70 37.91 24.41 12.77 .
Cnhillci)g?gltga 2.10 (38.22)** 7.05 (28.37) 13.75 (19.32) 23.42 (38.01) 30.20 (29.60) 37.40 (19.97) Compatible
T, 3235 46.99 46.98 53.15 29.66 2810 | Slightly
imidacloprid | 2°0 | (3453) | #8% | (a314) | 83 | s0e) | 1767 | @e77) | B0 | 3297y | %082 | (3101) | Toxic
T3
. 20.41 13.39 8.57 37.64 28.66 16.38 .
Etr)r;?]rzn(;e;:tt;n 2.40 (32.65) 7.92 (18.44) 14.40 (15.86) 23.52 (37.77) 28.50 (32.36) 35.85 (21.78) Compatible
T, 43.38 28.69 21.90 38.90 22.03 13.59 .
Spinosad 192\ ar00) | 892 | (3210) | 1230 | (27:80) | 2290 | (3gma)y | SL1S | (o7.06) | 3705 | (2121) | Compatible
Ts
Thimethoxam+ 33.09 13.93 17.14 53.28 46.50 2045 | Slightly
Lambda 227 | 3506) | 87 | 2079) | B | @343) | 1792 | wess) | P3| (a208) | 0% | 3263 | Toxic
cyhalothrin
Ts 58.09 4317 35.87 60.24 38.11 2764 | Slightly
Acetamiprid | Y% | (a9.65) | >%0 | (40.93) | 1910 | 3667y | PO | (s088) | 247? | (3801) | 310? | 3159) | Toxic
T 0.00
ol 340 | 000 | 915 | 000 | 1575 | 000 | 3772 | 000 | 3095 | 000 | 4287 | 00
SEms 005 | 116 | 019 | 316 | 036 | 265 | 058 | 094 | 071 | 112 | 097 | 269
CDat1% | 016 | 342 | 057 | 923 | 107 | 780 | 171 | 276 | 241 | 331 | 287 | 791

* Data Average of four replications

()** = Figures in parenthesis are arcsine transformed value
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4.5 Compatibility of Beauveria bassiana with chemical pesticides.
In the present investigation compatibility of Beauveria bassiana is tested with six

fungicides, six herbicides and six insecticides.

4.5.1 Effect of fungicides on Beauveria bassiana.

Out of the six fungicides (Table 20), copper oxychloride at 72 hrs showed inhibition
of 18.75 per cent, but inhibition per cent increased at 96, 120 and 144 hrs respectively. At 144
hrs, average mycelial growth was 14.62 mm and inhibition was 44.07 per cent, which was found
to be moderately toxic. Carbendazim + mancozeb, thiophenate methyl and azoxystrobin +
tebuconazole were found totally incompatible which showed 100 per cent mycelial growth
inhibition at 24 to 144 hrs. Fungicide ametoctradin + diamethomorph (2.0 mm) reduced the
growth by 92.35 per cent, followed by captan (5.20 mm) which reduced the growth of Beauveria
bassiana by 80.11 per cent.

4.5.2 Effect of herbicides on Beauveria bassiana.

The herbicide (Table 21) fomesafen + flauzifop-p-butyl (18.52 mm) showed a slightly
toxic effect on the biocontrol agent Beauveria bassiana, which reduced mycelial growth by
29.16 per cent, followed by glyphosate (16.12 mm) and carfentrazone ethyl (13.30 mm) which
showed inhibition per cent of 38.34 and 49.14 respectively. Oxyfluorofen (10.37 mm) and
metribuzin (12.40 mm) were found toxic, which showed 60.33 and 52.58 per cent inhibition of
myecelial growth of Beauveria bassiana respectively. Sulfentrazone + clomazone at 24 to 144

hrs, completely inhibited growth and proved totally incompatible.

4.5.3 Effect of insecticides on Beauveria bassiana.

Among the insecticides (Table 22), spinosad (18.52 mm) and imidacloprid (17.65
mm) had a slightly toxic effect on Beauveria bassiana, which showed inhibition 29.16 and 32.50
per cent respectively. The Growth response of Beauveria bassiana to the treatment of
chlorantraniliprole (13.30 mm) was found to be moderately toxic, which inhibited mycelial
growth by 49.14 per cent. Acetamiprid (7.72 mm) found toxic effect on Beauveria bassiana
showed inhibition of 70.46 per cent, followed by emamectin benzoate (9.05 mm) and
thimethoxam + lambda cyhalothrin (10.22 mm), which showed 65.39 and 60.90 per cent
inhibition of mycelial growth respectively.

In the present study, spinosad was found to be compatible with Beauveria bassiana.
The growth response of Beauveria bassiana with insecticides was compatible; moderately toxic
to toxic which is similar to earlier findings by (Amutha et al. 2010) who reported that spinosad
and imidacloprid were slightly toxic. Khezri et al. (2007) and Ali et al. (2007) suggested that

imidacloprid was compatible with Beauveria bassiana.



Table 17. Effect of fungicides on the colony growth of Beauveria bassiana
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Average Colony diameter of Beauveria bassiana (mm)

Treatments T(I):\I/(éllty
% % % % % %
24hrs | hibition | 480" | innibition | 721" | nnibition | 28 'S | inhibition | 120 ™S | 1nnibition | 144 'S | inhibition
T, 84.16 79.19 75.00 79.80 78.01 80.11 .
Captan 080 | g6.53)~ | 12 | (62.86) | 220 | (50.99) | % | 6320) | 387 | (6204) | >%0 | (351) | OXIC
T
. 100.00 100.00 100.00 100.00 100.00 100.00 .
Camgrr:gs;g\ +| 000 | (gren | 000 | lgoae | 000 | gane) | 090 | gave) | 090 | poy | % | gppey | ToX
T3
. 100.00 100.00 100.00 100.00 100.00 100.00 .
Th:ﬁgthhe;/r:ate 000 | 9000y | %% | w000y | %© | 000y | %% | ©000) | %% | @oan) | 9% | oo | Toxic
Ty
55.94 30.87 18.75 35.45 38.58 44.07 | Moderately
OX(;&E’I%‘?[ . 222 | 4g38) | >0 | @373) | 1O | 563) | B0 | @es1) | 1082 | (3840) | 40?7 | (a155) | Toxic
Ts
. 100.00 100.00 100.00 100.00 100.00 100.00 .
ATzzﬁyc/ztr:gtzaéT; 000 | 9000y | %% | w000y | %° | 000y | %% | ©000) | %% | om0 | 9 | oo | Toxic
Te
. 100.00 78.19 77.27 84.16 88.65 92.35 .
ém]e;;)hc;ﬁglrg; 0.00 (90.00) 1.62 (62.18) 2.00 (61.52) 2.00 (66.54) 2.00 (70.31) 2.00 (73.94) Toxic
Coﬁzrol 505 | 000 | 745 | 000 | 880 | 000 | 1262 | o000 | 1762 | 000 | 2615 | 0.00
SEms 003 | 025 | 006 | 058 | 007 | 043 | 007 | 033 | 012 | 030 | 015 | 037
CDat1% | 010 | 074 | 019 | 172 | 021 | 127 | 023 | 097 | 036 | 088 | 046 | 111

* Data Average of four replications.

()** = Figures in parenthesis are arcsine transformed value.




Table 17. Effect of herbicides on the colony growth of Beauveria bassiana
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Average colony diameter of Beauveria bassiana (mm)

Treatments T(I):\'lgllty
% % % % 120 % 142 %
24108 | \nnhibition | ¥ ™" | nhibition | "2 " | ihibition | %® "™ | inhibition | hrs | Inhibition | hrs | Innibition
Ty
Fomesafen+ .| 3465 16.78 483 15.64 17.45 2016 | Slightly
Flauzifop-p- | >0 | 36.0ay | 829 | (2a12) | 837 | (1197) | 1905 | (2316) | 140 | (2446) | 1892 | (3260) | Toxic
butyl
T, 38.12 3557 16.19 31.49 40.71 5258 .
Metribuzin | °12 | (3806) | *0 | (e61) | "3 | (23.40) | B85 | (za09) | 0% | @e61) | 240 | (646 | TONC
T3
100.00 100.00 100.00 100.00 100.00 100.00 .
Sulfentrazone+ | 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) Toxic
Clomazone
T, 34.65 39.26 13.35 24.95 32.06 3834 | Moderately
Glyphosate | >0 | @35.90) | *%% | @s76) | "% | @135 | ¥ | (096) | V7 | 3azay | 1012 | (3824) | Toxic
T, 39.60 45,64 30.40 20.20 49.65 6033 .
oxyfluorofen | % | (38.92) | * | @2a8) | %1% | 3344) | " | 3035 | 88 | @a7rr) | 1937 | (50.07) Toxic
Te
49.50 46.98 31.25 44.16 4156 49.14 | Moderately
Carfee?rtlgf}zone 255 | aa68) | 3 | @324) | 0 | @a00) | O | @1e2) | 190 | @oo09) | 330 | (4a49) | Toxic
cOﬁZm. 505 | 000 | 745 | 000 | 880 | 000 | 1262 | 000 | 1762 | 000 | 2615 | 0.00
SEms 0.08 118 | 013 | 107 | 018 | 132 | 021 | 087 | 031 | 127 | 036 | o001
CDat1% | 026 | 348 | 038 | 317 | 053 | 388 | 062 | 256 | 092 | 375 | 107 | 267

* Data Average of four replications.

()** = Figures in parenthesis are arcsine transformed value.




Table 23. Effect of insecticides on the colony growth of Beauveria bassiana
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Average colony diameter of Beauveria bassiana (mm)

Toxicity
Treatment Level
24 % 48 % 72 % legpe] % 120 % 144 %
hrs Inhibition | hrs | Inhibition | hrs | Inhibition Inhibition hrs Inhibition hrs Inhibition
Ty
39.11 31.21 1.42 8.51 32.06 49.14 | Moderately
*
Cnhl'lfgfgltga 307" 1 3g g5y~ | >12 | (3393) [ 807 | @78y || (683) | Y| (zas0) | 30| (450 Toxic
T, 20.21 33.22 9.38 24.36 22.70 32.50 Slightly
imidacloprid | %7 | @251) | 4% @519) | Y| @s02) | ¥ | (2035 | 1302| (2823) | 1705 | (34.68) Toxic
T3
. 70.79 65.77 54.83 61.98 65.25 65.39 .
E&i';‘f;ﬂ” LAT | 5720 |2 at9) |39 @reny | 480 | 194y | 0% | s3sny | P00 | (53.95) Toxic
T, 4752 41.28 20.26 41.39 24.54 20.16 Slightly
Spinosad 265 | 43s6) |47 9.04) |®%%| @263 | 0| @o93) |30 969) | 52| (3266) Toxic
Ts
Thimethoxam+ 60.89 56.38 38.64 56.24 62.41 60.90 .
nenos 197 | erag | 325 | ases) |50 | (ss0) | 552 | sen | 592 | caay | 1022 13y Toxic
cyhalothrin
T 49.50 47.65 37.78 42.77 57.30 70.46 .
Acetamiprid | 22° | @a68) | 0| @3es) |27 | @r70) | %2 | (@081 | "% | @e17) | % | (57.06) Toxic
COE;mI 505 | 000 |745| 000 |880| o000 |1262| o000 |1762| 000 |2615| 000
SEmz 007 | 111 |o01z| 100 |o018| 267 | 024 | 131 | 032 | 099 | 036 | 088
CDat1% | 023 | 327 |037| 296 |055| 787 | 073 | 386 | 095 | 291 | 1.08 | 260

* Data Average of four replications.

()** = Figures in parenthesis are arcsine transformed value.
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4.6 Compatibility of Paecilomyces lilacinus with chemical pesticides.
In the present investigation compatibility of Paecilomyces lilacinus is tested with six

fungicides, six herbicides and six insecticides.

4.6.1 Effect of fungicides on Paecilomyces lilacinus.

In the present experiment (Table 23), the response of fungicide ametoctradin +
diamethomorph (14.02 mm) to Paecilomyces lilacinus was compatible, which showed inhibition
per cent of 13.96. Mycelial growth of Paecilomyces lilacinus was inhibited by copper
oxychloride (12.20 mm) by 25.15 per cent and found slightly toxic. Fungicide captan (9.97 mm)
was found to be moderately toxic, which shows inhibition of 38.80 per cent. The growth
response of Paecilomyces lilacinus with treatments of carbendazim + mancozeb, thiophenate
methyl and azoxystrobin + tebuconazole were completely incompatible and reduced 100 per cent

of mycelial growth at 24 to 144 hrs.

In the present study, the fungicide ametoctradin + diamethomorph was proved
compatible and the fungicide copper oxychloride was found slightly toxic. Dong et al. (2010)

concluded that the fungicide copper oxychloride was compatible with Paecilomyces lilacinus.

4.6.2 Effect of herbicides on Paecilomyces lilacinus.

Among the herbicides (Table 24), the least inhibition of 1.07 per cent was recorded
with treatment of fomesafen + flauzifop-p-butyl (16.12 mm) and found completely compatible.
This was followed by carfentrazone ethyl (14.97 mm), which inhibited mycelial growth by 8.13
per cent, also found completely compatible. Metribuzin (10.37 mm) inhibited growth by 36.35
per cent, proved moderately toxic and was followed by glyphosate (8.37 mm) which showed
inhibition of 48.62 per cent. Treatment of sulfentrazone + clomazone inhibited growth 100 per
cent at 24 to 144 hrs, and proved totally incompatible with Paecilomyces lilacinus, followed by

herbicide oxyfluorofen (5.45 mm) which showed inhibition of 66.56 per cent and was toxic.

In the present investigation, fomesafen + flauzifop-p-butyl and carfentrazone ethyl
had no effect on the growth of Paecilomyces lilacinus and were found compatible.

4.6.3 Effect of insecticides on Paecilomyces lilacinus.

The experimental results of treatment of insecticides (Table 25) showed that
spinosad had least effect on growth of Paecilomyces lilacinus which shows inhibition 1.99 per
cent and found fully compatible. Insecticides chlorantraniliprole (11.47 mm) and acetamiprid
(11.45 mm), showed inhibition 29.60 and 29.75 per cent respectively and found slightly toxic.
Insecticides emamectin benzoate (9.30 mm) and imidachloprid (8.30 mm) inhibit the mycelial
growth 42.94 and 49.08 per cent respectively and found moderately toxic. Thimethoxam +
lambda cyhalothrin (5.05 mm) proved toxic which showed inhibition 69.02 per cent.
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The results of the study of the compatibility of insecticides with Paecilomyces
lilacinus, showed that spinosad, chlorantraniliprole, and acetamiprid were found to be
compatible and have less effect on the mycelial growth of Paecilomyces lilacinus. Similar
findings were reported in earlier reports by (Asi et al. 2010) who suggested that spinosad had a
compatible and emamectin benzoate showed a moderately toxic effect on the growth of
Paecilomyces lilacinus. Mathew and Louis (2018) revealed that insecticide imidachloprid is

found compatible with Paecilomyces lilacinus.



Table 23. Effect of fungicides on the colony growth of Paecilomyces lilacinus

Average colony diameter of Paecilomyces lilacinus (mm) Toxicity
Treatments
24 % 48 % 72 % 96 % 120 % 144 % level
hrs Inhibition | hrs | Inhibition | hrs | Inhibition | hrs | Inhibition | hrs | Inhibition | hrs | Inhibition
T - 81.03 22.64 41.75 43.22 34.36 38.80 Moderately
captan | 0 | 6420y | 207 | (2836) | *° | @024y | O | (ar09) | 8% | 3587 | ¥ | (3852) | Toxic
T
) 100.00 100.00 100.00 100.00 100.00 100.00 .
Ca{;’;ﬂgggﬁ * 10001 9000) | %99 @000y | 29| (90.00) | % | (90.00) | % | (90.00) | %90 | (9000) | TOXic
T3
) 100.00 100 100.00 100.00 100.00 100.00 )
Th:](zgtr;]e;:ate 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) Toxic
Ts i
65.52 32.08 7.02 20.79 18.00 25.15 Slightly
ox(y:é)ﬁ%?f . LO0 1 5404y | 270 | (3a48) | ©0% | (1331) | B4 | @707y | 1902 (2499) | 1220 (30.09) Toxic
Ts
) 100.00 100.00 100.00 100.00 100.00 100.00 )
q—z%ﬁ)éztr:g?:)?; 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) Toxic
Te
. 50.86 9.43 14.04 24.77 13.50 13.96 )
S:Tr:\eg?hcctﬁglr% 1.42 (45.49) 3.60 (17.68) 6.12 (21.88) 8.05 (29.80) 10.57 (20.84) 14.02 (21.80) Compatible
T, 0.00 0.00 0.00 0.00 0.00 0.00
Control 290 1 000y |37 000y | "] 0oy |97 (0o00) |'2%?| o0y |%030] (0.00)
SEmz+ 0.02 0.45 0.04 0.82 0.08 1.78 0.09 0.50 0.16 1.33 0.17 0.70
CD at 1% 0.06 1.32 0.12 2.43 0.24 5.25 0.28 1.47 0.48 3.93 0.51 2.08

* Data is average of four replications.

()** = Figures in parenthesis are arcsine transformed value.
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Table 24. Effect of herbicides on the colony growth of Paecilomyces lilacinus

Average colony diameter of Paecilomyces lilacinus (mm) Toxicity
Treatments
o hrs % 48 % 72 % 96 hrs % 120 % 144 % Level
Inhibition hrs Inhibition | hrs Inhibition Inhibition hrs Inhibition hrs Inhibition
Ty
Fomesafen+ .| 1000 74.84 5.96 0.00 2.04 1.07 .
Flauzifop-p- | 090 | (90.00p* | 190 | (s9.89) | &0 | @71y | 1070 (2606 || (574) | 1612| (500) | Compatible
butyl
T, 62.93 27.04 35.09 39.49 39.06 36.35 | Moderately
Metribuzin | Y07 | 248) | 290 | 3124) | 492 | 3630) | %47 | (3883) | P | (3869) |10%7| (37.06) Toxic
T3
100.0 100.0 100.0 100.0 100.0 100.0 .
Sulfentrazone+ 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) 0.00 (90.00) Toxic
Clomazone
T. 65.52 61.01 34.04 48.83 46.63 4862 | Moderately
Glyphosate | %0 | a02) | 1| »136) | 40| @3567) | O | @aa2) | 8% | @3os) | B | (aa19) Toxic
Ts 100.0 100.0 100.0 100.0 72.19 66.56 .
oxyflourofen | 290 | ©@0.00) | 29| (9000) | %90 | (90.00) | *P | (@0.00) | 34 | @817 | ¥ | (54.69) Toxic
Te
43.97 3.14 1.40 10.05 1.23 8.13 .
Carfz?;;/a}zone 1.62 (41.51) 4.80 (7.20) 7.02 (4.62) 9.62 (17.31) 12.07 (4.46) 14.97 (15.81) Compatible
T, 0.00 0.00 0.00 0.00 0.00 0.00
Control 290 1 000) |39 | ooy | 2| (0oo) |90 ooy |?%?| (000) |30 (000
SEms+ 0.02 0.35 004 | 171 | o008 1.37 0.19 155 0.18 1.77 0.31 1.64
CD at 1% 0.06 1.05 013 | 505 |025| 404 0.58 457 0.55 5.22 0.91 4.84

* Data Average of four replications.

()** = Figures in parenthesis are arcsine transformed value.




49

Table 25. Effect of insecticides on the colony growth of Paecilomyces lilacinus

Average colony diameter of Paecilomyces lilacinus (mm) Toxicity
Treatments level
% % % % % % eve
24hrs | ohibition | *8 1" | inhibition | "2 | nhibition | 2 ™ | mhibition | 222 ™ | inhibition | 1** ™ | inhibition
T, .
| 517 3.77 1.05 6.07 18.61 2060 | Slightly
Cg:ﬁ[)?gtlrea 300% 1 (qq ooy | 382 957y | 705 | 506 | 1005 | (1163) | %% | (2552) | 1| (3205 | Toxic
T, 6.90 4.40 7.02 1.17 43.15 49.08 Moderately
imidacloprid | 270 | @467) | 380 | @173 | 892 | (1ass) | 1057 | @34y | % | (a100) | B30 | (aa47) | Toxic
T3
. 50.00 252 26.67 40.42 3538 42.94 | Moderately
E&f‘r;)eactg” 145 1 aa02) | 38T | 782 | %% | (3087) | ®%7 | (3043) | "0 | @650) | ¥V | (40.94) Toxic
T, 5259 2516 211 6.07 2.04 1.99 .
Spinosad 105 1 g4z | 297 | (2080) | 89 | 717) | 1095 | (1316) | 117 | (797) | P09 | (spa) |COMpatible
Ts
Thimethoxam-+ 100.00 100.00 100.00 100.00 74.44 69.02 .
Lambda 0.00 1 90.00) | %% | @o.00) | 290 | (90.00) | %% | (90.00) | 3?2 | (s9.66) | > | (s6.18) | TOXIC
cyhalothrin
T, 5517 3459 2351 19.16 29.24 2075 | Slightly
Acetamiprid | 0 | @7.87) | 2% | @582 | O* | (2897) | 80° | (2532) | 805 | (3268) | 1% | (3305) | Toxic
T, 0.00 0.00 0.00 0.00 0.00 0.00
Control 290 1 o0y | 39 | 0oy | " | ©oo) | P70 ooy | Y% | (0oo) | %0 | (0.00)
SEms 005 | 176 | 011 | 201 | 010 | 174 | 020 | 257 | 024 | 118 | 021 | 121
CcD 017 | 519 | 032 | 592 | 0290 | 513 | 061 | 755 | 071 | 347 | 062 | 357

* Data Average of four replications

()** = Figures in parenthesis are arcsine transformed value
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5. SUMMERY AND CONCLUSION

5.1 Summery

In the present investigation, biocontrol agents Trichoderma viride, Trichoderma
harzianum, Metarhizium anisopliae, Verticillium lecanii, Beauveria bassiana and Paecilomyces
lilacinus were compatible with some chemical pesticides and incompatible with others. The

results of this study are summarized below.

5.1.1 Compatibility of Trichoderma viride with chemical pesticides.

Among the six fungicides, Trichoderma viride showed a high incompatibility with the
fungicides carbendazim + mancozeb and azoxystrobin + tebuconazole, in which 100 per cent
inhibition of mycelial growth was observed in the case of both fungicides. Also, the fungicides,
captan, thiophenate methyl and copper oxychloride, showed inhibition of 67.12, 55.86 and 54.65
per cent respectively. Ametoctradin + diamethomorph showed inhibition of 37.84 per cent and

proved moderately toxic.

Out of the the six herbicides, carfentazone ethyl was found fully compatible with
Trichoderma viride, which showed inhibition of 6.13 per cent, followed by fomesafen +
flauzifop-p-butyl, oxyfluorofen and metribuzin, which showed myecelial growth inhibition of
8.95, 20.69 and 21.77 per cent respectively and were found completely compatible. The
herbicide glyphosate was found moderately toxic showed inhibition of 45.29 per cent. 100 per
cent mycelial growth inhibition was recorded with the treatment of sulfentazone + clomazone,

and proved completely incompatible.

Trichoderma viride was fully compatible with all insecticides. Emamectin benzoate
and spinosad had no effect on inhibition of mycelial growth, which showed 0.72 and 1.92 per
cent inhibition respectively. Trichoderma viride is also completely compatible with
chlorantraniliprole, imidachloprid, acetamiprid and thimethoxam + lambda cyhalothrin, which
showed inhibition of 6.82, 6.82, 17.27 and 19.01 per cent respectively.

5.1.2 Compatibility of Trichoderma harzianum with chemical pesticides.

Among the fungicides, ametoctradin + diamethomorph, inhibited growth by 37.87 per
cent and was found to be moderately toxic. The biocontrol agent Trichoderma harzianum was
completely incompatible with the fungicides carbendazim + mancozeb, copper oxychloride and
azoxystrobin + tebuconazole, which showed 100 per cent growth inhibition. Captan and
thiophenate methyl also proved toxic to the growth of Trichoderma harzianum, which showed
86.20 and 84.71 per cent growth inhibition.

In the case of herbicides, only carfentrazone ethyl was found compatible, which
showed 9.41 per cent inhibition. Glyphosate inhibited mycelial growth by 28.46 per cent and
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proved slightly toxic. Oxyfluorofen was found moderately toxic and showed 44.30 per cent
inhibition followed by metribuzin inhibited mycelial growth by 39.04 per cent. High mycelial
growth inhibition was recorded 91.49 per cent within the treatment of sulfentrazone +

clomazone, followed by fomesafen + flauzifop-p-butyl, which showed 63.83 per cent inhibition.

Out of six insecticides, imidachloprid was found highly compatible with Trichoderma
harzianum, which showed 6.33 per cent inhibition, followed by acetamiprid, spinosad,
imamectin benzoate and chlorantraniliprole which showed inhibition of 7.02, 10.63, 18.91 and
21.09 per cent respectively. Thimethoxam + lambda cyhalothrin was slightly toxic and inhibited

mycelial growth by 30.44 per cent.

5.1.3 Compatibility of Metarhizium anisopliae with chemical pesticides.

Among the fungicides, carbendazim + mancozeb, copper oxychloride and
azoxystrobin + tebuconazole inhibited mycelial growth 100 per cent from 24 to 144 hrs and are
totally incompatible with Metarhizium anisopliae. Also, the fungicide ametoctradin +
diamethomorph proved completely incompatible, which showed 95.96 per cent inhibition,
followed by captan and thiophenate methyl, which showed 81.64 and 80.80 per cent inhibition of

myecelial growth respectively.

Among the herbicides, sulfentrazone + clomazone inhibit mycelial growth 100 per
cent and is totally incompatible with Metarhizium anisopliae. Oxyfluorofen was found
incompatible with which showed inhibition of 74.46 per cent, followed by glyphosate, fomesafen
+ flauzifop-p-butyl and carfentrazone ethyl, which showed respective inhibition of 67.25, 60.98
and 56.67 per cent. Only one herbicide, metribuzin, proved moderately toxic, inhibiting mycelial
growth by 47.37 per cent.

The experimental results indicated that, in insecticides, acetamiprid inhibited 22.54 per
cent of the mycelial growth of Metarhizium anisopliae and was found compatible, followed by
chlorantraniliprole and spinosad, which reduced the mycelial growth by 23.79 and 23.99 per cent
respectively. Insecticides imidachloprid and emamectin benzoate reduced mycelial growth by
37.63 and 41.61 per cent and were found to be moderately toxic. Insecticide, Thimethoxam +

lambda cyhalothrin, proved toxic, which showed inhibition of 53.44 per cent.

5.1.4 Compatibility of Verticillium lecanii with chemical pesticides.

Out of six fungicides, copper oxychloride proved moderately toxic, which showed an
inhibition of 45.19 per cent, followed by ametoctradin + diamethomorph, which inhibited
myecelial growth by 35.86 per cent. Fungicide carbendazim + mancozeb completely inhibited the
growth of Verticilllium lecanii and proved totally incompatible, followed by azoxystrobin +
tebuconazole, thiophenate methyl and captan, which showed inhibition of 81.17, 76.79 and 76.09

per cent respectively.
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In this experiment, only one herbicide, carfentrazone ethyl, was found compatible with
Verticillium lecanii, which showed mycelial growth of 34.32 mm and growth inhibition of 19.94
per cent. Fomesafen + flauzifop-p-butyl and metribuzin were found slightly toxic, which showed
inhibition of 34.34 and 34.58 per cent respectively. The herbicide glyphosate reduced the growth
by 48.57 per cent and proved moderately toxic, followed by oxyfluorofen, which reduced the
mycelial growth by 43.09 per cent. Complete growth inhibition of Verticillium lecanii was

recorded with the treatment of sulfentrazone + clomazone, which is totally incompatible.

Among the insecticides, chlorantraniliprole was found fully compatible with
Verticillium lecanii, which shows mycelial growth inhibition of 12.17 per cent, followed by
spinosad and emamectin benzoate, which reduce mycelial growth by 13.59 and 16.38 per cent
respectively. Insecticide acetamiprid, found slightly toxic, reduced the mycelial growth by 27.64
per cent, followed by imidachloprid and thiamethoxam + lambda cyhalothrin, which reduced the

growth by 28.10 and 29.45 per cent respectively.

5.1.5 Compatibility of Beauveria bassiana with chemical pesticides.

Out of the six fungicides, copper oxychloride inhibited 44.07 per cent mycelial
growth, which was found to be moderately toxic. Carbendazim + mancozeb, thiophenate methyl
and azoxystrobin + tebuconazole were found totally incompatible and showed 100 per cent
mycelial growth inhibition. Fungicide ametoctradin + diamethomorph reduced the growth by
92.35 per cent, followed by captan, which reduced the growth of Beauveria bassiana by 80.11

per cent and was found incompatible with Beauveria bassiana.

The herbicide fomesafen + flauzifop-p-butyl showed a slightly toxic effect on the
biocontrol agent Beauveria bassiana, which reduced mycelial growth by 29.16 per cent,
followed by glyphosate and carfentrazone ethyl, which showed inhibition per cent of 38.34 and
49.14 respectively. Oxyfluorofen and metribuzin were found toxic, which showed 60.33 and
52.58 per cent inhibition of mycelial growth of Beauveria bassiana respectively. The herbicide,
Sulfentrazone + clomazone, completely inhibited growth and proved totally incompatible.

Among the insecticides, spinosad and imidacloprid had a slightly toxic effect on
Beauveria bassiana, which showed inhibition of 29.16 and 32.50 per cent respectively. The
growth response of Beauveria bassiana to the treatment of chlorantraniliprole was found to be
moderately toxic, which inhibited mycelial growth by 49.14 per cent. Acetamiprid found toxic
effect on Beauveria bassiana showed inhibition of 70.46 per cent, followed by emamectin
benzoate and thimethoxam + lambda cyhalothrin, which showed 65.39 and 60.90 per cent

inhibition of mycelial growth respectively.

5.1.6 Compatibility of Paecilomyces lilacinus with chemical pesticides.
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In the present experiment, the response of fungicide ametoctradin + diamethomorph to
Paecilomyces lilacinus was compatible, which showed an inhibition per cent of 13.96. Mycelial
growth of Paecilomyces lilacinus was inhibited by copper oxychloride by 25.15 per cent and
found slightly toxic. The fungicide captan was found to be moderately toxic, which showed
inhibition of 38.80 per cent. The growth response of Paecilomyces lilacinus to treatments of
carbendazim + mancozeb, thiophenate methyl and azoxystrobin + tebuconazole were completely

incompatible and reduced 100 per cent of mycelial growth.

Among the herbicides, the least inhibition of 1.07 per cent was recorded with
treatment of fomesafen + flauzifop-p-butyl and was found to be completely compatible. This was
followed by carfentrazone ethyl, which inhibited mycelial growth by 8.13 per cent, also found to
be completely compatible. Herbicide metribuzin, inhibited growth by 36.35 per cent, proved
moderately toxic and was followed by glyphosate, which showed inhibition of 48.62 per cent.
The treatment of sulfentrazone + clomazone inhibited growth 100 per cent, and proved totally
incompatible with Paecilomyces lilacinus, followed by herbicide oxyfluorofen, which showed

inhibition of 66.56 per cent and was toxic.

The experimental results of treatment of insecticides showed that spinosad had the
least effect on the growth of Paecilomyces lilacinus, which showed inhibition of 1.99 per cent
and was found to be fully compatible. Insecticides chlorantraniliprole and acetamiprid showed
inhibition of 29.60 and 29.75 per cent respectively and were found slightly toxic. Insecticides
emamectin benzoate and imidachloprid inhibit mycelial growth by 42.94 and 49.08 per cent
respectively and are found to be moderately toxic. The combination of thimethoxam + lambda
cyhalothrin proved toxic, which showed inhibition of 69.02 per cent.

5.2 CONCLUSION

The results obtained in this study clearly showed that some chemical pesticides
severely affected the growth and development of biocontrol agents. These pesticides can cause
harmful effects on biocontrol agents when they are applied together or in an integrated pest
management programme. The use of such chemicals with biocontrol agents cannot provide

satisfactory control against deseases and pests and can cause economic loss to farmer.

Some chemical pesticides do not affect the growth and development of biocontrol
agents. The combination of such chemical pesticides can provide an additive or synergistic effect
in the control of diseases and pests. These chemical pesticides and biocontrol agents can be used

in an integrated pest management programme.

The present study concluded that the fungicides, ametoctradin + dimethomorph had a
moderately toxic effect on the growth of Trichoderma viride, so caution must be taken when

applied with Trichoderma viride. Fungicides, captan, carbendazim + mancozeb, thiophenate
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methyl, copper oxychloride and azoxystrobin + tebuconazole, were incompatible with

Trichoderma viride, so these pesticides cannot be applied with Trichoderma viride.

Among the herbicides, carfentrazone ethyl, fomesafen + flauzifop-p-butyl,
oxyfluorofen and metribuzin were compatible with Trichoderma viride, so these herbicides can
be safely incorporated with Trichoderma viride, into IPM. Herbicide glyphosate is incompatible,
so caution must be taken when applied with Trichoderma viride. Sulfentrazone + clomazone is

found incompatible, so cannot be applied with Trichoderma viride.

All of the insecticides like emamectin benzoate, spinosad, chlorantraniliprole,
imidacloprid, acetamiprid and thimethoxam + lamda cyhalothrin were compatible with
Trichoderma viride, so these insecticides can be applied with Trichoderma viride, in the IPM.

Among the fungicides, ametoctradin + diamethomorph was found to be moderately
toxic, so caution must be taken when applied with Trichoderma harzianum. Fungicide
carbendazim + mancozeb, copper oxychloride, azoxystrobin + tebuconazole, captan and
thiophenate methyl, proved toxic, so they cannot be applied with Trichoderma harzianum.

In the case of herbicides, carfentrazone ethyl was found compatible and glyphosate
was proved slightly toxic, so it can be applied safely in IPM. Herbicides like oxyfluorofen and
metribuzin are moderately toxic, so caution must be taken, when applied with Trichoderma
harzianum. The herbicides, sulfentrazone + clomazone and fomesafen + flauzifop-p-butyl, are

incompatible, so they cannot be applied with Trichoderma harzianum.

Among the insecticides, imidachloprid, acetamiprid, spinosad, imamectin benzoate
and chlorantraniliprole, were compatible with Trichoderma harzianum. Thimethoxam + lambda
cyhalothrin was slightly toxic, so these insecticides were safe for an integrated pest management

programme.

All fungicides like carbendazim + mancozeb, copper oxychloride, azoxystrobin +
tebuconazole, ametoctradin + diamethomorph, captan and thiophenate methyl, were
incompatible with Metarhizium anisopliae, so it is found to be harmful in IPM.

Among the herbicides, only one herbicide, metribuzin, proved moderately toxic, so
caution must be taken when using it in an integrated disease and pest management programme.
Sulfentrazone + clomazone, oxyfluorofen, glyphosate, fomesafen + flauzifop-p-butyl and
carfentrazone ethyl, were incompatible, so application of these herbicides is better with

Metarhizium anisopliae.

Among the insecticides, acetamiprid, chlorantraniliprole and spinosad were
compatible with Metarhizium anisopliae, so these insecticides were safe for IPM. imidachloprid,

emamectin benzoate, were moderately toxic, caution must be taken when using these herbicides
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with Metarhizium anisopliae. The herbicide, thimethoxam + lambda cyhalothrin, proved toxic

and cannot be applied with Metarhizium anisopliae.

Among six fungicides, copper oxychloride and ametoctradin + diamethomorph, were
proved moderately toxic, so caution must be taken when applied with Verticillium lecanii.
Fungicides, carbendazim + mancozeb, azoxystrobin + tebuconazole, thiophenate methyl and
captan, were proved totally incompatible, so cannot be applied these fungicides with Verticillium

lecanii, in IPM.

Among the herbicides, only one herbicide, carfentrazone ethyl, was found compatible
and fomesafen + flauzifop-p-butyl and metribuzin were found slightly toxic, so they can be
applied safely in combination with Verticillium lecanii. The herbicide glyphosate and
oxyfluorofen were proved moderately toxic and caution must be taken when applied in IPM with
Verticillium lecanii. Herbicide, sulfentrazone + clomazone, was totally incompatible, so it cannot

be used with Verticillium lecanii.

Among the insecticides, chlorantraniliprole, spinosad and emamectin benzoate were
found compatible and insecticides, acetamiprid, imidachloprid and thiamethoxam + lambda
cyhalothrin were found slightly toxic, so all the insecticides can be applied with Verticillium

lecanii, in an integrated disease management programme.

Among the six fungicides, copper oxychloride proved moderately toxic, so caution
must be taken when using it with Beauveria bassiana. Fungicides, carbendazim + mancozeb,
thiophenate methyl, azoxystrobin + tebuconazole, ametoctradin + diamethomorph and captan,
were incompatible with Beauveria bassiana, so they cannot be applied with Beauveria bassiana
in integrated disease and pest management.

The herbicide fomesafen + flauzifop-p-butyl showed a slightly toxic effect on
Beauveria bassiana, so it can be applied with Beauveria bassiana. Herbicides, glyphosate and
carfentrazone ethyl, proved moderately toxic, so caution must be taken when applied with
Beauveria bassiana. Herbicides, Sulfentrazone + clomazone, oxyfluorofen and metribuzin, are

totally incompatible, so they cannot be applied with Beauveria bassiana.

Among the insecticides, spinosad and imidacloprid had a slightly toxic effect, so these
insecticides can be applied with Beauvria bassiana. Insecticide, chlorantraniliprole, was found to
be moderately toxic, so caution must be taken when applied with Beauveria bassiana.
Insecticides, acetamiprid, emamectin benzoate and thimethoxam + lambda cyhalothrin, were

found toxic, so they cannot be applied with Beauveria bassiana.

In the present experiment, the response of fungicide ametoctradin + diamethomorph
was compatible and copper oxychloride was found slightly toxic, so it can be applied with
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Paecilomyces lilacinus in IPM. Fungicide captan was found to be moderately toxic, so caution
must be taken when applied with Paecilomyces lilacinus. Fungicides, carbendazim + mancozeb,
thiophenate methyl and azoxystrobin + tebuconazole, are totally incompatible, so they cannot be

applied with Paecilomyces lilacinus in IPM.

Among the herbicides, fomesafen + flauzifop-p-butyl and carfentrazone ethyl were
found to be compatible, so they can be applied with Paecilomyces lilacinus. Herbicides,
metribuzin and glyphosate, were proved moderately toxic, so caution must be taken when
applied with Paecilomyces lilacinus. The herbicides, sulfentrazone + clomazone and
oxyfluorofen, proved totally incompatible with Paecilomyces lilacinus, so they cannot be applied
with Paecilomyces lilacinus in IPM.

Among the insecticides, spinosad was found fully compatible and the insecticides
chlorantraniliprole and acetamiprid were found slightly toxic, so they can be applied with
Paecilomyces lilacinus. Insecticides emamectin benzoate and imidachloprid were found to be
moderately toxic, so caution must be taken when applied with Paecilomyces lilacinus.
Thimethoxam + lambda cyhalothrin was proved toxic, so it cannot be applied with Paecilomyces

lilacinus in integrated pest and disease management.

Other conclusions from the all-over study are that, among all pesticides, the fungicide
ametoctradin + dimethomorph was found to be moderately toxic to the biocontrol agents,
Trichoderma viride, Trichoderma harzianum and Verticillium lecanii, while compatible with
Paecilomyces lilacinus. The fungicide, copper oxychloride, was proved moderately toxic to

Verticillium lecanii and Beauveria bassiana, while slightly toxic to Paecilomyces lilacinus.

Among herbicides, metribuzin was found moderately toxic to the biocontrol agents,
Trichoderma harzianum, Metarhizium anisopliae, Verticillium lecanii and Paecilomyces
lilacinus, while compatible with Trichoderma viride. Herbicide carfentrazone ethyl, found
compatible with Trichoderma viride, Trichoderma harzianum, Verticillium lecanii and
Paecilomyces lilacinus. The herbicide sulfentrazone + clomazone, was found incompatible with

all six biocontrol agents.

Among insecticides, thimethoxam + lambda cyhalothrin was found incompatible with
biocontrol agents, Metarhizium anisopliae, Beauveria bassiana and Paecilomyces lilacinus,
while slightly toxic to Trichoderma harzianum and Verticillium lecanii and compatible with

Trichoderma viride.

In this all over study, one more important conclusion was obtained, i.e., insecticides
are more compatible with biocontrol agents than herbicides, whereas herbicides are more
compatible with biocontrol agents than fungicides. In other words, fungicides are more toxic

than herbicides and herbicides are more toxic than insecticides.



58



59

LITERATURE CITED
Abidin, A. F., Ekowati, N. and Ratnaningtyas, N. I. 2017. Insecticide compatibility to the
entomopathogenic fungi Beauveria bassiana and Metarhizium anisopliae. Scripta
Biologica., 4(4): 273-279.

Akbar, S., Freed, S., Hameed, A., Gul, H. T., Akmal, M., Malik, M. N., Naeem, M. and Khan,
M. B. 2012. Compatibility of Metarhizium anisopliae with different insecticides and
fungicides. African Journal of Microbiology Research, 6(17): 3956-3962.

Ali A., Mohammad A. S., Masood K., Rohallah S. R. 2007. Compatibility of Beauveria bassiana
(Bals.) Vuill. With several pesticides, International journal of agricultural biology,
9(1):31-34.

Alizadeh, A., Samih, M. A. and lzadi, H. 2007. Compatibility of Verticillium lecanii (Zimm.)
with several pesticides. Commun. Agric. Appl. Boil. Sci., 72(4): 1011-5.

Ambethgar, V., Swamiappan, M., Rabindra, R. J. and Rabindran, R. 2009. Influence of some
herbicides on in vitro vegetative growth of Beauveria bassiana (Balsamo)

Vuillemin. Resistant Pest Management Newsletter, 19(1): 11-14.

Amutha, M., Banu, J. G., Surulivelu, T. and Gopalakrishnan, N. 2010. Effect of commonly used
insecticides on the growth of white muscardine fungus, Beauveria bassiana under

laboratory conditions. Journal of Biopesticides, 3(1): 143-146.

Armarkar, S. V. and Chikte P. B. 2008. Compatibility of Verticillium lecanii with different

chemical pesticides. Journal of Plant Disease Sciences, 3(1): 43-45.

Asi, M. R., Bashir, M. H., Afzal, M., Ashfag, M. and Sahi, S. T. 2010. Compatibility of
entomopathogenic fungi, Metarhizium anisopliae and Paecilomyces fumosoroseus
with selective insecticides. Pak. J. Bot., 42(6): 4207-4214.

Bagwan, N. B. 2010. Evaluation of Trichoderma compatibility with fungicides, pesticides,
organic cakes and botanicals for integrated management of soil borne diseases of
soybean [Glycine max (L.) Merril]. International journal of plant protection, 3(2):
206-209.

Bhai, S. R. and Thomas, J. 2010. Compatibility of Trichoderma harzianum (Rifai.) with
fungicides, insecticides and fertilizers. Indian Phytopath., 63 (2): 145-148.

Bhale, U. N. and Rajkonda, J. N. 2015. Compatibility of fungicides and antagonistic activity of
Trichoderma spp. against plant pathogens. Bioscience Methods, 6(3): 1-9.

Bindu Madhavi, G., Bhattiprolu, S. L. and Bali Reddy, V. 2011. Compatibility of biocontrol

agent Trichoderma viride with various pesticides. J. Horti. Sci., 6(1): 71-73.



60

Bhosale, A. M. and Borade, S. V. 2015. In vitro effect of certain fungicide, insecticide and
herbicide on Trichoderma harzianum. International Journal of Informative &
Futuristic Research, 3(1):271-173.

Buck, J. W. 2004. Combination of fungicides with phylloplane yeasts of improved control of
Botrytis cinerea on geranium seedlings. Phytopathology, 94:196-202.

Carriger, J. F., Rand, G. M., Gardinali, P. R., Perry, W. B., Tompkins, M. S. and Fernandez, A.
M. 2006. Pesticides of potential ecological concern in sediment from South Florida
canals: an ecological risk prioritization for aquatic arthropods. Soil Sedim.
Contamin., 15: 21-45.

Chen, S. K., Edwards, C. A. and Subler, S. 2001. Effect of fungicides benomyl, captan and
chlorothalonil on soil microbial activity and nitrogen dynamics in laboratory
incubations. Soil Biol. Biochem., 33: 1971-1980

Desai, S. A. and Kulkarni S. 2004. Effect of fungicides, insecticides and weedicides on the
growth and sporulation of native Trichoderma harzianum Rifai. Karnataka J. Agric.
Sci., 17(1): 57-62.

Dhanya, M. K., Anjumol, K. B., Murugan, M. And Deepthy, K. 2016. Compability of
Trichoderma viride and Pseudomonas fluorescens with plant protection chemicals
and fertilizers in cardamom. Journal of Tropical Agriculture, 54(2): 129-135.

Dong, L. C., Jun, W., Ping, D. G., Jing, Z. P, Yan, L. C. and Sheng, H. J. 2010. Effect of several
pesticides on the spore production of E7 strain of Paecilomyces lilacinus. Jiangsu

journal of Agricultural Sciences, 26(1): 61-64.

Elad, Y. 1996. Mechanisms involved in biological control of Botrytis cinerea incited diseases.
Eur. J. Plant Pathol., 102: 719-772.

Fiedler Z. and Sosnowska D. 2017. Side effects of fungicides and insecticides on
entomopathogenic fungi in vitro. Journal of plant protection research, 57(4): 1427-
4345.

Gampala, K. and Pinnamaneni, R. 2010. Studies on the compatibility of Trichoderma viride with

certain agro-chemicals. Current world environment, 5(1): 155-158.

Ghzanfar, M. U., Raza, M., Raza, W., Qamar, M. I. 2018. Trichodermaas potential biocontrol
agent, its exploitation in agriculture: a review. Plant protection, 02(03): 109-135.

Goes, L. B., Costa da Lima, A. B., Freire, L. L. C. and Oliveria. 2002. Randomly Amplified
Polymorphic DNA od Trichoderma isolates and antagonism against Rhizoctonia
solani. Braz. Arch. Biol. Technol., 45(2).



61

Gopalan, A. K. and Venkatachalam, R. 2014. Compatibility of agrochemical with
entomopathogenic fungi (Paecilomyces lilacinus) — A biological nematicide. Journal
of Global Biosciences, 3(2): 406-410.

Hall, R. A. 1981. Laboratory studies on the effects of fungicides, acaricides and insecticides on
the entomopathogenic fungus, Verticillium lecanii. Entomol. Exp. & Appl., 29(1):
39-48.

Jacobs, H., Gray, S. N. and Crump, D. H. 2003. Interactions between nematophagous fungi and
consequences for their potential as biological agents for the control of potato cyst
nematodes. Mycol. Res., 107(1): 47-56.

Joshi, M., Gaur, N. and Pandey, R. 2018. Compatibiliy of entomopathogenic fungi Beauveria
bassiana and Metarhizium anisopliae with selective pesticides. Journal of
Entomology and Zoology Studies, 6(4): 867-872.

Kakati, N., Dutta, P., Das, P. and Nath, P. D. 2018. Compatibility of entomopathogenous fungi
with commonly used insecticides for management of Banana aphid transmitting
Banana bunchy top virus (BBTV) in Assam banana production system. International
Journal of Current Microbiology and Applied Sciences, 7(11): 2507-2513.

Khalil, S. K., Shah, M. A. and Naeem, M. 1985. Laboratory studies on the compatibility of the
entomopathogenic fungus Verticillium lecanii with certain pesticides. Agriculture,
Ecosystems and Environment, 13: 329-334.

Khezri, M., Riseh, R. S., Alizadeh, A., Samih, M. A. 2007. Compatibility of Beauveria bassiana
(Bals.) Vuill. With several pesticides. Int. J. Agri. Biol., 9(1): 31-34.

Khun, K. K., Ash, G. J., Stevens, M. M., Huwer, R. K. and Wilson, B. A. 2020. Compatibility of
Metarhizium anisopliae and Beauveria bassiana with insecticides and fungicides

used in macadamia production in Australia. Pest Manag Sci., 2021(77): 709-718.

Kos, K. and Celar, F. A. 2016. Effect of selected herbicides and fungicides on growth,
sporulation and conidial germination of entomopathogenic fungus Beveria bassiana.
Pest management science., 72(11): 2110-2117.

Krishnamoorthy, A., Ganga Visalakshi, P. N., Kumar, A. M. and Mani, M. 2007. Influence of
some pesticides on entomopathogenic fungus Lecanicillium (=Verticillium) lecanii
(Zimm.) ZARE & GAMS. J. Hort. Sci., 2(1): 53-57.

Locke, J. C., Marois, J. J. and Papavizas, G. C. 1985. Biological control of Fusarium wilt of

greenhouse grown Crysanthemum. Plant Dis., 69:167-169.



62

Maheshwary, N. P., Gangadhara, N. B., Amoghvarsha, C., Naik, M. K., Satish, K. M. and
Nandish, M. S. 2020. Compatibility of Trichoderma asperellum with fungicides. The
pharma innovation journal, 9(8): 136-140.

Maina, U. M., Galadima, I. B., Gambo, F. M. and Zakaria, D. 2018. A review on the use of
entomopathogenic fungi in the management of insect pests of field crops. Journal of
Entomology and Zoology Studies, 6(1): 27-32.

Martinez-Toledo, M. V., Salermon, V., Rodelas, B., Pozo, C. and Gonzalez-Lopez, J. 1998.
Effects of the fungicide captan on some functional groups of soil microflora. Appl.
Soil Ecol., 7: 245-255.

Mathew, A. M. and Louis V. 2018. Compatibility of entomopathogenic fungi Paecilomyces
lilacinus with insecticides used in banana cultivation. International Journal of
Scientific Engineering and Research (IJSER), 7(2): 59-61.

McLean, K. L., Hunt, J. and Stewart, A. 2011. Compatibility of the biocontrol agent
Trichoderma harzianum C52 with selected fungicides. New Zealand J. PI. Prot., 54:
84-88.

Mehmet, Kubilay Er., and Ayhan, G. 2004. Effects of selected pesticides used against glasshouse
tomato pests on colony growth and conidial germination of Paecilomyces
fumosoroseus. Biological control, 31(3): 398-404.

Menendez, A., Martinez, A., Chiocchio, V., Venedikian, N., Ocampo, J. A. and Godeas, A.
2010. Influence of the insecticide dimethoate on arbuscular mycorrhizal colonization

and growth in soybean plants. International Microbiol., 2: 43-45.

Mishra, S., Mishra, P., Singh, R., Singh, G. and Sachan, S. K. 2019. Comapatibility of different
systematic and non systemic fungicides with Trichoderma viride. Int. J. curr.
Microbio. and Appl. Sci., (1): 1005-1010.

Mohamed, N. A. and Radwan, M. A. 2017. Impact of pesticides on Trichoderma harzianum and
on its possible antagonistic activity against Fusarium oxysporum under In vitro
conditions. Asian J. Agri. & Biol., 5(4): 291-302.

Munoz-Leoz, B., Ruiz-Romera, E., Antiguedad, I. and Garbisu, C. 2011. Tebuconazole
application decreases soil microbial biomass and activity. Soil Biol. Biochem., 43:
2176-2183.

Nene, Y. L. and Thapliyal, P. N. 1993. Fungicides in plant disease control. Oxford and I1BH,
New Delhi, pp 691



63

Niewiadomska, A. 2004. Effect of carbendazim, imazethapyr and thiram on nitrogenase activity,
the number of microorganisms in soil and yield of red clover (Trifolium pretense L).
Polish J. Environ. Studies., 13: 403-410.

Niewiadomska, A. and Klama, J. 2005. Pesticide side effect on the symbiotic efficiency and
nitrogenase activity of Rhizobiaceae bacteria family. Polish J. Microbiol., 54: 43-48.

Oliveria, G. N., P.M.O.J. Neves and Kawazoe, L. S. 2003. Compatibility between the
entomopathogenic fungus Beauveria bassiana and insecticides used in coffee
plantations. Scientia Agricola., 60(4): 663-667.

Ondrackova, E., Seidenglanz, M. and Safar, J. 2019. Effect of seventeen pesticides on mycelial
growth of Akanthomyces, Beauveria, Cordyceps and Purpureocillium strains. Czech.
Mycol., 71(2): 123-135.

Pandey, A. K. and Kanaujia, K. R. (2009). Effect of different fungicides on growth, sporulation
and germination of Beauveria bassiana (Balsamo) Vuilemin. International journal

of plant protection, 2(1): 4-7.

Papavizas, G. C. 1983. Trichoderma and Gliocladium- Their biology, ecology and potential of
biocontrol. Ann. Rev. Phytopath., 23:23-54.

Puzari, K. C., Hazarika, L. K., Dutta, P. and Das, P. 2006. In vitro inhibition of Beauveria
bassiana (Bals.) Vuill. growth by different commonly used insecticides in rice. J.
Biol. Control., 20(1): 51-56.

Quintela, E. D. and McCoy, C. W. 1998. Synergistic effect of imidacloprid and two
entomopathogenic fungi on the behavior and survival of larvae of Diaprepes
abbreviatus (Coleoptera: Curculionidae) in soil [1998]. Journal of Economic
Entomology (USA), 91(1): 110-122.

Rachappa, V., Lingappa, S. and Patil, R. K. 2007. Effect of agrochemicals on growth and
sporulation of Metarhizium anisopliae (Metschnikoff). Sorokin. Karnataka J. Agri.
Sci., 20(2): 410-413.

Radwan, M. A., Mohamed, N. A. 2017. Impact of pesticides on Trichoderma harzianum and on
its possible antagonistic activity against fusarium oxysporum under in vitro
conditions. Asian j. Agri. & Biol., 5(4): 291-302.

Ranganathswamy, M., Patibanda, A. K., Chandrashekhar, G. S., Sandeep, D., Mallesh, S. B. and
Kumar, H. B. H. 2012. Compatibility of Trichoderma isolates with selected

fungicides in vitro. International Journal of Plant Protection, 5(1): 12-15.



64

Sarkar, S., Narayanan, P., Divakaran, A., Balmurugan, A. and Premkumar, R. 2008. The in vitro
effect of certain fungicides, insecticides and biopesticides on mycelial growth in the
biocontrol fungus Trichoderma harzianum. Turk J. Biol., 34(2010): 399-403.

Saxena, D., Tewari, A. K. and Rai, D. 2014. The in vitro effect of some commonly used
fungicides, insecticides and herbicides for their compatibility with Trichoderma
harzianum PBT23. World Applied Sciences Journal, 31(4): 444-448.

Silva, R. A., Quintela, E. D., Mascarin, G. M., Alexandre, J., Barrigossi, F. and Liao, L. M.
2013. Compatibility of conventional agrochemicals used in rice crops with the
entomopathogenic fungus Metarhizium anisopliae. Sci. Agric. (Piracicaba, Braz.),
70(3)

Sumalatha, J., Rahman, S. J., Rahman, SMAS and Prasad, R. D. 2017. Compatibility of
entomopathogenic fungi Verticillium lecanii with other biopesticides in laboratory

conditions. The Pharma Innovation Journal, 6(9): 264-266.

Sundraraju, P. and Kiruthika, P. 2009. Effect of bio-control agent, Paecilomyces lilacinus along
with neemcake and botanicals for the management of Meloidogyne incognita on

banana. Indian Journal of Nematology, 39(2): 201-206.

Sword, A., Gurulingappa, P. and Gee, P. M. 2011. In vitro and In planta compatibility of
insecticides and the endophytic entomopathogen, Lecanicillium lecanii.
Mycopathologia, 172: 161-168. DOI 10.1007/s11046-011-9410-1.

Thiery, B. C. 2015. The insect pathogenic fungus Verticillium lecanii (Zimm.) Viegas and its use
for pest control: A Review. Journal of Experimental Biology and Agricultural
Sciences, DOI: http://dx.doi.org/10.18006/2015.3(4).337.345

Thiruchchelvan, N., Mikunthan, G., Thirukkumaran, G., and Pakeerathan, K. 2013. Effect of
insecticides on bio-agent Trichoderma harzianum rifai under in vitro condition.
American Eurasian J. Agric. & Environ. Sci., 13(10): 1357-1360.

Udayababu, P., Raja Goud, C. H., Pedada, D. 2012. Effect of selected pesticides on the growth
parameters of Metarhizium anisopliae (Metch.) Sorokin. Journal of Biological
Control, 26(4): 380-385.

Vats, S., Sing, R. K. and Sing, B. 2014. Compatibility analysis of entomopathogenic fungi
Beauveria bassiana (NCIM No01300) with several pesticides. Research Journal of
Pharmacutical, Biological and Chemical Sciences, 5(1): 837-844.

Vinit, P. S., Seweta, S., Swapnil, K. S. and Sing, H. B. 2012. Compatibility of different
insecticides with T. harzianum under in vitro condition. Plant Pathol. J., 11(2): 73-
76.



65

Vincent, J. M. 1947. The esters of 4-hydroxybenzoic acid and related compounds. Part I.
Methods for the study of their fungistatic properties. Journal of the Society of
Chemical Industry. 66(5): 149-155.

Weaver, M. A. and Lyn, M. E. 2007. Compatibility of a biological control agent with herbicides
for control invasive plant species. Natural Areas Journal, 27(3): 264-268.



66



69

8. VITAE

MR. SHINDE TUSHAR BHAGAVAT
MASTER OF SCIENCE (AGRICULTURE)
IN
AGRICULTURAL MICROBIOLOGY

2021

Titeof s oty s o bocor,
Major filed .| Agricultural Microbiology (Agriculture)
Biographical information
Personal Date of Birth : | 27" January, 1998
Place of Birth .| Somanthali, Tal. Phaltan, Dist — Satara
Father’s Name : | Bhagavat Baban Shinde
Mother’s Name . | Jayashree Bhagavat Shinde

Bachelor Degree Received Bachelor of Science (Agriculture)

Educational Obtained degree in 2019 from Dadasaheb Mokashi
College of Agriculture, Rajmachi, Karad
Class .| 1 Class (CGPA-7.90)
. Mahatma Phule Krishi Vidyapeeth,
Name of University Rahuri — 413 722.
A/P — Tulashi, Tal. Madha, Dist. Solapur,
Address Pin. 413 302
Email-id .| tusharshinde079@gmail.com

Contact Number : | 8552870435, 8378072459



mailto:tusharshinde079@gmail.com

