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1. INTRODUCTION

Pesticides constitute the key control strategy for crop pest and disease 

management. Continuous application of these pesticides to the soil and aquatic 

system resulted in health hazards and environmental pollution which has triggered 

much public concern. The wide spread use of these pesticides over the years has 

resulted in problems caused by their interaction with the biological systems in the 

environment. Notwithstanding the hazards, pesticides will continue to be an 

indispensable tool for the management of pests in the years to come, as there is no 

suitable alternative to totally replace them. Considering the toxic effect of these 

pesticides it is essential to remove them from the environment employing suitable 

remedial measures. Bioremediation exploiting microbial technology is one of the 

recent techniques for environmental clean-up. In the process, heterotrophic 

microorganisms breakdown hazardous compounds to obtain carbon and energy.

Currently among the various groups of pesticides, organophosphates form 

the major, accounting for more than 36 per cent of the total world market 

(Kanekar et a!., 2004). Among the insecticides, monocrotophos, quinalphos and 

chlorpyrifos top the list of organophosphorus insecticides in Indian market. In 

India the estimated consumption of technical grade chlorpyrifos during 2002-03 

was 5000 MT (Singhal, 2003). In the light of restricted or banned use of 

organochlorine compounds, chlorpyrifos is gaining importance in Agriculture. It 

is a broad spectrum pesticide displaying insecticidal activity against a wide range 

of insects and pests. The most commonly available formulations include 

emulsifiable concentrates (EC), granules (GR) and wettable powders (WP). 

Aerial application of chlorpyrifos is a common method followed against surface 

feeding insects of cotton, rice, mustard, bengal gram etc. (Dhawan and Simwat, 

1996; Gupta et ah, 2001). Soil applications are used for control of root damaging 

insect larvae attacking crops such as vegetables, cardamom, tobacco, cole crops, 

groundnut and onion (Rouchaud et ah, 1991; Bhatnagar and Gupta, 1992). The 

practice of application of 1-2% concentration of chlorpyrifos to soil surrounding
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building structures against termite invasion has aggravated the residue problems 

(Sundararaj et al, 2003).

In soil, chlorpyrifos may remain biologically active for periods ranging 

from days to months. It is moderately persistent in nature as its residues were 

detected in soil even after 3 months and hence causes potential environmental 

hazards (Chapman et a l, 1984). Extensive use of chlorpyrifos contaminates air, 

groundwater, rivers, lakes, rainwater and fog water. The contamination has been 

found up to about 24 kilometers from the site of application. Considerable 

residues of chlorpyrifos were found in tomatoes (Aysal et al, 1999), cotton seed 

(Blossom et al, 2004) and oil of oil seed crops like groundnut, safflower and 

mustard (Bhatnagar and Gupta, 1998; Gupta et al, 2001). It is speculated that the 

bioaccumulation ability of chlorpyrifos and other organophosphorus pesticides in 

living tissues may spell a potential environmental risk to marine organisms and 

humans as well (Serrano et al, 1997; Tilak et al, 2004).

When organophoshates are released in to the environment, their fate is 

decided by various environmental conditions and microbial degradation is the key 

factor for the disappearance of these pesticides, since they possess the unique 

ability to completely mineralize many aliphatic, aromatic and heterocyclic 

compounds.

Even though extensive work has been conducted on microbial degradation 

of chlorpyrifos under laboratory conditions, no attempt has been made so far to 

exploit this technology for field level application. Hence the present programme 

has been designed to isolate microorganisms capable of degradation of 

chlorpyrifos and to develop a consortium for its field level application with the 

following objectives:
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1. Isolation, characterization and evaluation of microorganisms for 

chlorpyrifos degradation.

2. Development of consortium.

3. Evaluation of bioremediation potential of consortium against 

chlorpyrifos in vivo.
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2. REVIEW OF LITERATURE

2.1. PESTICIDE SCENARIO IN INDIA

Pesticides constitute the key control strategy for crop pests and disease 

management contributing significantly towards enhancing crop yields. 

Considering the world consumption of pesticides, 85 percent of pesticides are 

used in Agriculture. In India the average pesticide consumption is 0.5 kg per ha 

and is ranked tenth in the world in pesticide consumption (Hundal, 2006). 

Pesticides are often persistent in environment to achieve effective control of pests 

over long period of time.

Aktar et al. (2009) reported that among the total consumption of pesticides in 

India, the major share is of insecticides (76 per cent) followed by fungicides (13 

per cent), herbicides (10 per cent) and others (1 per cent). The average world 

consumption comprises 25 per cent insecticides, 49 per cent herbicides and 22 per 

cent fungicides. As far as the chemical nature of products is concerned, the 

market comprises 16 per cent organochlorines, 50 per cent organophosphates, 4 

per cent carbamates, 19 per cent synthetic pyrethroids, 1 per cent biopesticides 

and 10 per cent others. The higher consumption of insecticides may be attributed 

to higher hatching rate of insects in warm humid and tropical climate which 

provides favorable breeding environment. The production of pesticides started in 

India in 1952 with the establishment of a plant for the production of BHC near 

Calcutta; the Indian pesticide industry is the fourth largest in the world and second 

in the Asia Pacific region after China and ranks twelfth globally. There has been 

a steady growth in the production of technical grade pesticides in India, from 

5,000 metric tons in 1958 to 102,240 metric tons in 1998. The pattern of pesticide 

usage in India is different from that for the world in general. At present, a total of 

248 technical pesticides have been registered in the country, of which 93 technical 

grade pesticides are being manufactured indigenously. According to the Ministry 

of Chemicals and Fertilizers, the production of technical grade pesticides in the 

country was 41,822 tonnes in 2009-2010.
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The consumption of chemical pesticides, in India was 2,10,600 tonnes in 

2009-2010. Of the total chemical pesticides consumed, cotton accounts for the 

maximum consumption of 45 per cent, rice 22 per cent, vegetables 9 per cent, 

plantations 7 per cent, pulses 4 per cent, wheat 4 per cent and other crops 9 per 

cent (Singhal, 2003).

However, over anxiety of farmers and lack of scientific knowledge has led to 

indiscriminate use of these pesticides, causing short and long-term health effects. 

The wide spread use of these pesticides over the years has resulted in problems 

caused. by their interaction with the biological systems in the environment. 

Notwithstanding the hazards, pesticides will continue to be an indispensable tool 

for the management of pests in the years to come, as there is no suitable 

alternative to totally replace them.

2.2. IMPORTANCE OF BIOREMEDIATION OF ORGANOPHOSPHORUS 

COMPOUNDS

Organophoshorus compounds constitute an important versatile group of highly 

active molecules widely used for pest control. More than one lakh different 

organophosphorus compounds have been synthesized and evaluated as pesticides 

of which nearly one hundred and fifty are widely used in agriculture. Substances 

with wide variety of biological properties like insecticides, acaricides, 

nematicides, herbicides, defoliants and fumigants are a few among the 

organophosphorus compounds. Most of the compounds undergo rapid 

degradation from the environment and disappear after the period of pesticidal 

action and will not accumulate in the body of animals. Though many of the 

earlier compounds of this group were highly toxic to vertebrates, a large number 

of organophoshorus compounds with moderate to low mammalian toxicity have 

been synthesized recently (Rekha, 2005).



Organophoshorus compounds are the most widely used insecticides, 

accounting for 36 per cent of world-wide insecticide sales (Kanekar et al., 2004). 

The persistent organochlorine pesticides were widely used around the world 

before 1970s. Initially OPs were considered as safe alternative to organochlorines 

but over the years due to their inordinate use their accumulation and exposure lead 

to acute toxicity to non-target organisms. There are reports of high mammalian 

toxicity due to OPs which resulted in three million poisonings and 200,000 deaths 

annually (Karalliedde and Senanayak 1999; Sogorb et al., 2004). OP’s have been 

cited as potential cause of many diseases in mammals.

Considering the toxic effect of these pesticides it is essential to remove them 

from the environment employing suitable remedial measures. Organophosphorus 

insecticides are esters of phosphoric acid which include aliphatic, phenyl and 

heterocyclic derivatives and have one of the basic building blocks as a part of 

their complex chemical structure. Some of the main agricultural products are 

parathion, methyl parathion, chlorpyrifos, malathion, monocrotophos and 

quinalphos (Anuja George, 2005). Although organophosphates are biodegradable 

in nature, their residues are found in environment. Considering their toxicity, 

research on biodegradation of organophosphates is being carried out all over the 

world.

Bioremediation exploiting microbial technology is one of the recent 

techniques for environmental clean-up. In this process, heterotrophic 

microorganisms breakdown hazardous compounds to obtain carbon and energy. 

The first bacteria, that could degrade organophoshorus compounds was isolated in 

1973 (Dragun et al., 1984) and identified as Flavobacterium sp. Since then 

several bacterial and a few fungal species have been isolated which can degrade a 

wide range of organophoshorus compounds in liquid cultures and soil systems. 

The wide variety of microorganisms has been found to possess the enzyme 

catalyzing hydrolysis of organophoshates (Singh et al., 2006). This enhances the 

feasibility of using bioremediation to treat organophosphate compounds.



Moreover application of molecular biology to genetically engineer 

microorganisms containing appropriate genes can potentially contribute to 

efficiency of bioremediation.

2.3. CHLORPYRIFOS

Among the organophosphorus insecticides, monocrotophos, quinalphos, 

chlorpyrifos, malathion and methylparathion top the list of insecticides in Indian 

market (Anuja George, 2005). Chlorpyrifos was first discovered by the Dow 

chemical company in 1962, initially designated as DOWCO 179 and later as 

chlorpyrifos (Rekha, 2005). In India the estimated consumption of technical 

grade chlorpyrifos during 2002-03 was 5000 MT (Singhal, 2003). In the light of 

restricted or banned use of organochlorine compounds, chlorpyrifos is gaining 

importance in Agriculture. It is a broad spectrum pesticide displaying insecticidal 

activity against a wide range of insects and pests. The most commonly available 

formulations include emulsifiable concentrates (EC), granules (GR) and wettable 

powders (WP). Aerial application of chlorpyrifos is a common method followed 

against surface feeding insects of cotton, rice, mustard, bengal gram etc. (Dhawan 

and Simwat, 1996; Gupta et al, 2001). Chlorpyrifos is one of the dominated 

broad spectrum organophosphorus insecticides inhibiting the neuron function of 

sucking, chewing and boring insects both in crop and soil (Racke et al., 1994). 

Soil applications are used for control of root damaging insect larvae attacking 

crops such as vegetables, cardamom, tobacco, cole crops, groundnut and onion 

(Rouchaud et al, 1991; Bhatnagar and Gupta, 1992). The practice of application 

of 1-2% concentration of chlorpyrifos to soil surrounding building structures 

against termite invasion has aggravated the residue problems (Sundararaj et al, 

2003).

In soil, chlorpyrifos may remain biologically active for periods ranging 

from days to months. It is moderately persistent in nature as its residues were 

detected in soil even after 3 months and hence causes potential environmental 

hazards (Chapman et a l, 1984). Extensive use of chlorpyrifos contaminates air,
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groundwater, rivers, lakes, rainwater and fog water. The contamination has been 

found up to about 24 kilometers from the site of application. Considerable 

residues of chlorpyrifos were found in tomatoes (Aysal et al, 1999), cotton seed 

(Blossom et al, 2004) and oil of oil seed crops like groundnut, safflower and 

mustard (Bhatnagar and Gupta, 1998; Gupta et al, 2001). It is speculated that the 

bioaccumulation ability of chlorpyrifos and other organophosphorus pesticides in 

living tissues may spell a potential environmental risk to marine organisms and 

humans as well (Serrano et al, 1997; Tilak et al, 2004 ; Sumit Kumar, 2011).

When organophoshates are released in to the environment, their fate is 

decided by various environmental conditions and microbial degradation is the key 

factor for the disappearance of these pesticides, since they possess the unique 

ability to completely mineralize many aliphatic, aromatic and heterocyclic 

compounds.

2.3.1. Structure and Chemistry of Chlorpyrifos

The physical and chemical properties of a pesticide plays significant role 

in determining its environmental fate and transport, the basic pattern of 

persistence and partitioning is fundamentally derived from the chemical character 

of the compound. Many researchers have studied the physical and chemical 

properties of chlorpyrifos. (Brust, 1966; Ringterink and Kenaga, 1966; Neely et 

al, 1974; Chiou et a l , 1977). The chemical structure of chlorpyrifos is shown 

below:

2.4. RESIDUES OF CHLORPYRIFOS

Maini et al. (1972) monitored the residues of chlorpyrifos in various crops 

after field treatment with emulsifiable concentrate at dosages from 0.5 to 6 kg ai

Cl
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ha'1. The average residues in sugarbeet leaves were 0.046 to 0.070 ppm and 

<0.005 to 0.038 ppm in roots. Iwata et al. (1985) detected the residues of 

acephate, amitraz, chlorpyrifos and formetanate hydrochloride on and in fruits 

after low volume application to orange trees. They reported that the residues of 

chlorpyrifos dissipated rapidly with a half-life of 2.5 days during the initial two 

weeks after spray application and slowly thereafter with a half life of 64 days. An 

investigation of the non-solvent extractable residues of (14C) chlorpyrifos-methyl 

in stored wheat was conducted by Matthews (1991). The residues remaining in 

wheat after solvent extraction accounted for 28 per cent of the applied dose after 

an extended period of storage. Analysis of the solubilized residue revealed that 59 

per cent was present as the pyridinol metabolite of the chemical and 26 per cent 

was a polar material.

Bhatnagar and Gupta (1992) studied the persistence of chlorpyrifos 

residues in soil and groundnut seed with soil application of the chemical at 800 

and 1200 g ai/ha. The average initial deposit of 0.83 ppm in soil at a lower dose 

of 800 g ai ha"1 dissipated to below detectable levels in 30 days, while at the 

higher dose of initial deposit of 1.48 ppm took 40 days to fall below the detectable 

limit. Gupta et al. (2001) monitored the residues of lindane, chlorpyrifos and 

quinalphos in mustard seed and oil. However, it was shown that only lindane 

persisted in seed and oil at the time of crop maturity, while chlorpyrifos and 

quinalphos did not persist in mustard seed or oil. But, Blossom et al. (2004) 

reported that 26 per cent of cotton seed samples analysed was contaminated with 

the residues of chlorpyrifos. Some samples had chlorpyrifos above the maximum 

residue.limit of 0.05 mg kg"1.

Putnam et al. (2003), in a study on the persistence and degradation of 

chlorpyrifos in a cranberry bog, detected chlorpyrifos in the fruits at harvest even 

after 62 days post chlorpyrifos application. Chlorpyrifos oxon and 3, 5, 6- 

trichloro-2-pyridinol were detected in earlier fruit samples. The dissipation of



dislodgeable foliar residues followed first order kinetics with half lives of 3.5 

days.

Safi et al. (2002) analysed residues of chloipyriphos, carbofuran and other 

pesticides on tomatoes, cucumber and strawberries by GC-MS technique. 

Tomatoes showed the least number and level of pesticide residues while 

strawberries showed greater number and level of pesticide residues. Montemurro 

et al. (2002) investigated the residue levels and degradation rates of chlorpyrifos 

in orange fruits, leaves and soil with emulsifiable concentrate, wettable granules 

and micro encapsulates. For the first two formulations, the dissipation of 

chlorpyrifos in orange fruits was faster during the first phase and much slower 

during the later period. However, residue levels of chlorpyrifos for micro 

encapsulates remained almost constant for approximately 65 days and resulted in 

prolonged persistence.

Fenske et al. (2002), in an assessment of organophosphorus pesticide 

exposures in the diets of pre-school children in Washington State noticed 

detectable levels of chlorpyrifos in some diets. Karasali et al. (2002) detected 

residues of chlorpyrifos ethyl in thermal mineral water in Greece. Salas et al. 

(2003) reported that 39.6 per cent of the commercial pasteurized milk samples in 

Mexico contained detectable levels of organophosphorus pesticide residues and in 

some samples; chlorpyrifos exceeded the maximum residue levels.

Sanghi et al. (2003) reported residues of organochlorine and 

organophosphorus pesticides in breast milk samples from Bhopal. They observed 

that through breast milk infants consumed 8.6 times more endosulfan and 4.1 

times more malathion. Organochlorine and organophosphorus insecticide 

residues in market samples of meat were monitored by Suganathy and Kuttalam 

(2003). Chlorpyrifos residues were present in both chicken and mutton samples. 

About 0.455 pg g-1 of residues of chlorpyrifos were present in 99 per cent of the 
samples.
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The maximum contamination in cardamom plantations was found with 

organophosphorus insecticides like phorate, chlorpyrifos, quinalphos, profenphos 

and methyl parathion (Siji, 2011).

Beevi et al. (2014) reported 32 and 42 per cent residue of chlorpyrifos in 

first year and second year respectively in cardamom plantations of Idukki district.

2.5. FATE OF CHLORPYRIPHOS PESTICIDE IN THE ENVIRONMENT

Pesticides undergo various changes in environment including their 

adsorption transmission and degradation, depending on the physicochemical 

nature of the pesticide and the soil (Redondo et al., 1997). The predominant 

processes involved in transformation of such molecules is often mediated by 

microbes (Vink and Van der Zee, 1997) followed by photolysis or 

photodegradation and chemical transformations (Stangroom et al., 2000). Thus, 

generally fate of pesticide involves both biological and non-biological agents. 

Extensive studies have been carried out on the abiotic degradation of chlorpyrifos 

in soil, plants and animals. Smith et a i, (1967) studied the fate of chlorpyrifos in 

animals and plants found that the parent compound disappears via excretion, 

volatility, catabolism and photodecomposition.

2.5.1. Abiotic Transformation

The abiotic processes involved either their transport where parent 

compound remains unchanged and simply transferred from one matrix to another 

depends on the physicochemical properties of pesticides itself (Stangroom et al., 

2000) e.g. volatilization, leaching (Laabs et al., 2000), runoff (Moore et al., 

2002), absorption and adsorption of pesticides (Yu et al., 2006) or by abiotic 

transformations by photodegradation (Walia et al., 1988) and chemical hydrolysis 

(Liu etal ,  2001).
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2.5.2. Biotic Transformation

Xenobiotic compounds like organophosphate pesticides are manmade 

compounds and were not previously present in nature. Consequently the natural 

microflora does not have potential to metabolize these pesticides due to lack of 

enzyme and proper transport processes. But over the years due to excessive use 

of xenobiotic compounds microbes have evolved the new degradation pathways 

resulting in accelerated degradation of such compounds (Seffemick and Wackett, 

2001; Johnson and Spain, 2003). The accelerated bioremediation under natural 

conditions has also helped by transfer of genes among different microbial cultures 

by transformation, transduction and conjugation (Ghigo, 2001 and Fux, 2005).

2.5.2.I. Microbial Transformation o f Chlorpyrifos

When organophosphates are released in to the environment, their fate is 

decided by various environmental conditions and microbial degradation. 

Microbial degradation is the key factor for the disappearance of these pesticides. 

Micro organisms possess the unique ability to completely mineralize many 

aliphatic, aromatic and heterocyclic compounds. Several studies conducted in soil 

indicated significantly longer dissipation half-lives under sterilized versus natural 

conditions, and led to the conclusion that microbial activities are important in 

degradation of chlorpyrifos (Getzin, 1981; Miles et al.9 1983). Schmimmel et al., 

(1983), based on laboratory degradation studies with aqueous solution and 

sediments, concluded that microorganisms play an important role. Cleavage and 

mineralization of heterocyclic ring occur in soil due to activities of 

microorganisms (Somasundaram et al., 1987; Racke et al., 1988).

In literature there are many reports regarding screening and isolation of 

microbes capable of degrading pollutants under laboratory conditions. However, 

their use at the contaminated sites under field scale application has not been 

successful (Pilon-Smits 2005; Dua et al., 2002; Kuiper et al., 2004). The reasons 

behind this include the competition faced from the natural microflora and
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microfauna of the soil, suboptimal nutrition or nutritional deficiency leading to 

low microbial growth, non availability or less bioavailability of the pollutant 

desired to be degraded and the growth inhibitory concentration of pollutant itself 

(Kuiper et al., 2004). Shan et al. (2006) reported the suppressed growth of 

bacterial, fungal, and actinomycete populations in the presence of chlorpyrifos (10 

mg kg'1). Inspite of these limitations, microbial degradation of organophosphate 

pesticides is an important process responsible for their biotic degradation in 

environment (Felsot, 1979). There are reports establishing ability of microbes to 

degrade pesticides co-metabolically or as source of carbon, nitrogen and 

phosphorous (Sethunathan and Yoshida, 1973; Serdar et a l, 1982; Oshiro et al, 

1996; Singh et a l, 2004; Singh, 2006; Wang et al., 2006; Rani et al, 2008; Li et 

al., 2008; Kulshrestha and Kumari, 2011).

The microbial diversity at the contaminated site is constituted by diverse 

group of microscopic organisms like bacteria, fungi, viruses, protozoa and algae. 

Among them bacteria, fungi and to some extent algae are the main contributors to 

degradation of pesticides. Microbial transformation can be mainly achieved by 

three different mechanisms such as biodegradation or catabolism, co-metabolism 

and bioaccumulation (Weber, 1972; Racke, 1993; Boonsaner et al., 2002).

Catabolism is a type of degradation in which the organic chemical or a 

portion there of is completely degraded (e.g. mineralized) and the energy or 

nutrient gained contributes to cell growth. The second, incidental metabolism or 

cometabolism, involves the partial degradation of an organic chemical with no net 

benefit to the organism, the compound being merely caught up in some metabolic 

pathway during the normal metabolic activities of the microorganisms (Racke, 

1993).

Several studies conducted in soil indicated significantly longer dissipation 

half-lives under sterilized versus natural conditions, and led to the conclusion that 

microbial activities are important in degradation of chlorpyrifos (Getzin, 1981;



Miles et al., 1983). Schmimmel et al., (1983), based on laboratory studies with 

aqueous solution and sediments, concluded that microorganisms play an important 

role. Cleavage and mineralization of heterocyclic ring occur in soil due to 

activities of microorganisms (Somasundaram et al., 1987; Racke et al., 1988). 

Many of the scientists and research workers have isolated microorganisms from 

natural ecosystem which have the capacity to degrade chlorpyrifos (Mukherjee 

and Gopal, 1996; Mallick et al., 1999; Singh et al., 2003). The possible use of 

individual microorganisms (Singh et al., 2004; Khanna and Vidyalakshmi, 2004) 

and microbial consortia for bioremediation of chlorpyrifos in contaminated soil 

has already been reported (Vidya Lakshmi et a l, 2008; Sasikala et a l, 2012; 

Barathidasan and Reetha, 2013; Hindumathy and Gayathri, 2013). Release of 

chloride due to cleavage and mineralization of heterocyclic ring due to activities 

of microorganisms has already been reported (Somasundaram et al., 1987; Racke 

et al., 1988; Yucheng Feng, 2003; Anuja George, 2005).

2.5.2.I.I. Bacterial Degradation o f Chlorpyrifos

Microbial degradation of organophosphate pesticides is an important process 

responsible for their biotic degradation in environment (Felsot, 1979). There are 

reports regarding ability of microbes to degrade pesticides co-metabolically or as 

source of carbon, nitrogen and phosphorous. Sethunathan and Yoshida (1973) 

reported Flavobacterium sp. having the ability to degrade chlorpyrifos in liquid 

medium by cometabolism. Similarly, Serdar et al. in 1982 isolated Pseudomonas 

diminuta degrading chlorpyrifos co-metabolically rather than as a source of 

carbon. The possible metabolism by two lactic acid bacteria (Lactobacillus 

bulgaricus and Streptococcus thermophilus) was reported by Shaker et al. (1988) 

who observed 72-83 per cent loss in chlorpyrifos after 96 h. Havens and Rase 

(1991) circulated a 0.25 per cent aqueous (EC) solution of chlorpyrifos through a 

packed column containing immobilized parathion hydrolase enzyme obtained 

from P. diminuta. Approximately 25 per cent of the initial dose was degraded 

after 3 h of constant recirculation through the column. On the other hand; Ohshiro 

et al. (1996) reported that Arthrobacter sp. strain B- 5 can use chlorpyrifos as a
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substrate rather than a co metabolite. There are many chlorpyrifos degraders 

reported but very few organisms are known to degrade the compound at higher 

concentrations. Mallick et al. (1999) reported complete degradation of 10 mgl'1 

of chlorpyrifos in the mineral salts medium by Flavobacterium sp. ATCC 27551 

and Arthrobacter sp. within 24 h and 48 h respectively. Singh et al. (2003) 

isolated six chlorpyrifos degrading bacteria capable of degrading chlorpyrifos in 

both liquid medium and soil. Singh et al., (2004) also reported degradation of 

chlorpyrifos by pure culture Enterobacter sp. B-14 in liquid as well as in soils. 

Dutta et al. (2006) observed increase in net microbial biomass carbon (MBC) in 

chlorpyrifos treated soils as compared to the control containing no chlorpyrifos. 

Wang et al., (2006) observed degradation of chlorpyrifos by pure culture of 

Bacillus laterosporus DSP. Pseudomonas aeruginosa NCIM 2074 in scale up 

process followed by bioremediation of chlorpyrifos in shake flask bioreactor 

under controlled enrichmental condition was reported by Geetha and Fulekar 

(2008). Li et al. (2008) isolated chlorpyrifos degrading bacterial strains Dsp-2, 

Dsp-4, Dsp-6 and Dsp-7 identified as Sphingomonas sp., Stenotrophomonas sp., 

Bacillus sp. and Brevundimonas sp. respectively and few other strains 

distinguished as members of Pseudomonas sp. from chlorpyrifos-contaminated 

samples. Rani et al. (2008) observed that the bacterium, P. stuartii MS09, 

utilized chlorpyrifos as carbon source and able to grow in medium in the presence 

of added chlorpyrifos (50-700 mg l"1).

Awad et al., (2011) isolated a potent bacterium P. stuzeri (B-CP5) which 

could degrade chlorpyrifos. He also reported that the isolates exhibited substantial 

growth in mineral salts medium supplemented with 100-300 ppm chlorpyrifos. 

Studies by Latifi et al. (2012) reported that bacterial isolate coded as IRLM.l was 

able to grow at concentrations of chlorpyrifos up to 2000 ppm. Bacterial 

degradation of chlorpyrifos by Bacillus cereus in liquid medium degraded 

chlorpyrifos under the condition of 30°C, pH 7 concentrations below 150 mgl"1, 

with degradation rate up to 78.85 percent was reported by Liu et a l, (2012). 

Bacterial strain Bacillus subtilis Y242 used chlorpyrifos as a carbon source and



grown in media containing concentrations up to 150 mg/L (Ehab et al., 2013). 

Farhan et al. (2013) observed that a Kelbsiella sp. could degrade 90% chlorpyrifos 

biodegradtion 200 mgl"1 at pH 8 and 105 cfu ml'1 with addition of glucose in 18 

days.

The major limitation in the process of chlorpyrifos degradation is the 

formation of an anti-microbial compound 3, 5, 6-trichloro-2-pyridinol (TCP) 

which may also affect the growth of chlorpyrifos-transforming microorganisms 

(Racke et al., 1990).' A report by Racke and Coats (1990) indicated that 

transformation of 30 mg kg-1 of chlorpyrifos in the soil resulted in production of 

TCP which repress the proliferation of microbes introduced into the soil. The 

accelerated degradation of chlorpyrifos was observed either due to the ability of 

degraders to tolerate TCP or their potential to mineralize TCP efficiently at a rate 

higher rapidly than the rate of its formation in the medium. There are reports 

regarding degradation of both chlorpyrifos and TCP in aqueous phase (Feng et al., 

1998; Mallick et al., 1999; Home et al. 2002; Bondarenko et a i, 2004). A 

Stenotrophomonas sp. isolated by Yang et al., (2006) was found to be a degrader 

of both chlorpyrifos and TCP. On the other hand, Singh et al., (2004) isolated 

Enterobacter sp. capable of degrading chlorpyrifos was not able to degrade TCP 

but utilize diethylthiophosphate as carbon and phosphorus source. The 

Enterobacter species in this case showed tolerance against TCP even at higher 

concentrations (150 mg l'1), which might be the reason of effective chlorpyrifos 

degradation. Bhagobaty and Malik, (2008) isolated four bacteria belonging to 

Pseudomonas sp. that were able to grow and tolerate even up to 1600 ppm 

chlorpyrifos.

2.5.2.1.2. Fungal Degradation o f Chlorpyrifos

There are not many reports of OP degradation by fungal species as 

compared to those by their bacterial counterparts. Furthermore the 

organophosphates degradation rate by fungal isolates was found to be slower. 

Jones and Hastings (1981) reported 95 per cent to 98 per cent degradation of 50



ppm chlorpyrifos by a group of forest fungi namely Trichoderma harzianum, 

Penicillium vermiculatum, and Mucor sp. after 28 days of incubation along with 

accumulation of its metabolite TCP. Bumpus et al., (1993) reported a fungal 

strain Phanerochaete chrysosporium able to mineralize only 26.6 per cent of 

added chlorpyrifos after 18 days of incubation. Mukheijee and Gopal (1996) 

reported that chlorpyrifos was effectively degraded by two soil fungi, T. viridae 

and A. tiiger. Omar (1998) studied the availability of phosphorus and sulfur of 

insecticides origin by 13 fungal species isolated from pesticides treated soil (10, 

50 and 100 ppm). P mineralization paralleled to mineralize organic P followed by 

A. tamari, A.niger, T  harzianum and Penicillium brevicompactum. Bending et 

a l (2002) reported Hypholoma fasciculate and Coriolus versicolor degraded 

chlorpyrifos in soil bio-bed after 42 days. Studies had also reported the 

chlorpyrifos degradation in soil by Fusarium sp. (Wang et al. 2005) and 

Aspergillus sp., Trichoderma sp. (Liu et al., 2003). A pure fungal strain, 

Acremonium sp. utilized 83.9 per cent chlorpyrifos as a source of carbon and 

nitrogen (Kulshrestha and Kumari, 2011). Maya et al., (2011) isolated 5 

chlorpyrifos degrading fungal isolates such as Aspergillus sp., two Pencillium sp., 

Eurotium sp., Emericella sp. coming under class Ascomycotina. Enrichment 

procedure allowed to isolate a novel fungal strain named JAS4 belonging to 

Ganoderma (Silambarasasan and Abraham, 2012) obtained 50 per cent reduction 

in an aqueous medium and A. terreus with capacity to degrade the chlorpyrifos 

and TCP (Silambarasasan and Abraham, 2013).

Bhalerao and Puranik, (2009) noticed inhibition of mycelial growth of A. 

oryzae in flask with increasing concentration of chlorpyrifos. Similarly, mycelial 

mat formation was found to be reduced in Ganoderma sp. (Silambarasan and 

Abraham, 2012) and in A. terreus (Silambarasan and Abraham, 2013) in 

chlorpyrifos amended medium. Assessment of growth of fungal isolates based on 

population build up in chlorpyrifos degradation studies has been reported by Abd 

El-Mongy and Abd El-Ghany (2009).



2.5.2.I.3. Degradation o f Chlorpyrifos by Microbial consortia

Chlorpyrifos is normally degraded to a preliminary metabolite 3,5,6 -  

trichloro-2-pyridinol (TCP) (Macalady and wolfe, 1983) which is further 

degraded to a secondary metabolite 3,5,6 -  trichloro- 2-methoxy pyridine (TMP) 

along with 0,0-diethyl phosphorothionic acid (DETP) which subsequently 

undergoes decomposition to diols and triols and ultimately cleavage of the ring to 

fragmentary products (Smith,1968). Microorganisms play important role not only 

in the degradation of the parent compound but also in the subsequent metabolism 

of breakdown products. The different pesticide pathways for degradation of 

parent compound and breakdown products or metabolites may not be present in a 

single species. In this context the concept of the microbial consortia becomes 

relevant. Different individual organisms of the microbial consortium can work in 

a concerted manner to achieve an effective degradation of parent compound as 

well as the metabolites (Macek et ah 2000; Kuiper et al. 2004; Chaudhry et al. 

2005).

The effectiveness of consortium compared to individual isolates in the 

degradation of chlorpyrifos has been reported by earlier workers (Singh et al., 

2004, Pino and Penuela 2011, Sasikala et al., 2012). The rhizosphere soil 

contains 10 -10 0  times more microbes than un-vegetated soil due to presence of 

plant exudates such as sugars, organic acids, and larger organic compounds in the 

soil (Lynch and whipps, 1990). However, there are certain factors those can 

interfere with microbial degradation including (a) the complex molecular and 

structural features of the degrading compound that may limit its degradability e.g. 

polyhalogenated compounds (Wackett et al., 1994), (b) natural dominance of a 

non-productive metabolic pathway (Oh and Bartha 1997), (c) low frequency of an 

essential degradative gene (Shapir et al., 1998), (d) poor bioavailability e.g. 

polycyclic aromatic hydrocarbons (Bastiaens et al, 2000) and (c) production of 

recalcitrant intermediates (Van Hylckama Vlieg and Janssen 2001). The problem 

may be overcome by developing genetically engineered microbial strains or by 

developing an efficient consortium from natural degraders. The metabolic
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synergism between different microbial species encourages the biodegradation of 

recalcitrant molecules via aerobic and anaerobic reactions.

Immobilization of the pure cultures and consortium may help to improve 

bioremediation potential as immobilized cells have prolonged microbial cell 

viability ranging from weeks to months and improved capacity to tolerate higher 

concentrations of pollutants (Richins et al., 2000; Chen and Georgiou 2002).

Khanna and Vidyalakshmi (2004) developed microbial consortia, Q1 and 

Q2 from chlorpyriphos contaminated sites by selective enrichment with 

degradation efficiency of 72 and 70 per cent respectively. Mixed population of 

fungi, such as Alternaria altemata, Cephalosporium sp., Cladosporium 

cladosporioides, Cladorrhinum brunnescens, Fusarium sp., Rhizoctonici soiani, 

and T. viride, reveal the degradation of chlorpyrifos in liquid culture more 

efficiently (Singh, 2006). Vidya Lakshmi et al., 2008 developed a microbial 

consortium consisting of Pseudomonas fluorescence, Brucella melitensis, Bacillus 

sublilis, Bacillus cereus, Klebsiella sp., Serratia marcescens and Pseudomonas 

aeruginosa which supported 75-87 per cent degradation of chlorpyrifos after 20 

days of incubation.

Pino and Penuela, 2011 obtained simultaneous degradation of the 

pesticides methyl parathion and chlorpyrifos by bacterial consortium consisting of 

Acinetobacter sp, Pseudomonas putida, Bacillus sp, Pseudomonas aeruginosa, 

Citrobacter fi-eundii, Stenotrophomonas sp, Flavobacterium sp., Proteus vulgaris 

sp., Pseudomonas sp., Acinetobacter sp., Klebsiella sp. and Proteus sp. In culture 

medium enriched with each of the pesticides, the consortium was able to degrade 

150 mg I-1  of methyl parathion and chlorpyrifos in 120 h. When a mixture of 

150 mg F 1 of both pesticides was used the percentage decreased to 72 per cent for 

methyl parathion and 39 per cent for chlorpyrifos. Bacterial mixed cultures could 

be relatively effective in bioremediation of chlorpyrifos contaminated soil and 

water. Bacterial mixed culture GCC134 was more effective for degradation of
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chlorpyrifos compared to individual culture of RCC -2 {Pseudomonas sp.) Sumit 

Kumar (2011). Four bacterial isolates namely P. putida (Nil 1117), Klebsiella 

sp., (Nil 1118), P. siutzeri (Nil 1119), P. aeruginosa (Nil 1120) which were more 

efficient were developed as consortium. The intracellular fractions of the 

consortium exhibited more organophosphorus hydrolase activity with chlorpyrifos 

concentration 500 mg l' 1 (Sasikala et al., 2012). The bacterial consortium of 

Pseudomonas sp. and Brevibacillus sp. could degrade 81 per cent of chlorpyrifos 

in the medium so that it can be potentially utilized for the bioremediation of 

contaminated soil (Barathidasan and Reetha, 2013).

2.6. BIOREMEDIATION OF CHLORPYRIFOS IN CONTAMINATED SOILS

Bioremediation which includes the effective utilization of microorganisms 

for the metabolism or biodegradation of target pollutants into safer and innocuous 

products is amongst the potent technologies that are being used globally for the 

restoration of contaminated sites. The introduction of microorganisms capable of 

in situ bioremediation into a competitive unsterile environment requires that the 

microorganism be able to survive in large numbers and also express the desired 

catabolic phenotype. (Anuja George, 2005)

Singh et al. (2004) in his work on biodegradation of chlorpyrifos by 

Enterobacter strain B-14 and its use in bioremediation of contaminated soils, 

noticed that the addition of strain B-14 (105 cells g'1) to soil with a low indigenous 

population of chlorpyrifos degrading bacteria treated with 35 mg of chlorpyrifos 

kg'1 resulted in a higher degradation rate. The estimated half life of chlorpyrifos 

was less than 2  days for the first application which was further reduced to less 

than a day for the second and third treatments (6 and 10 days after first 

application) in both fumigated and non-fumigated soils. A new research direction 

for exploiting microorganisms and its development for bioremediation has 

emerged as a novel process. The chlorinated pyridinyl ring of chlorpyrifos 

undergoes cleavage during biodegradation by P. chrysosporium. But the 

degradation of chlorpyrifos proves more efficient by mixed populations than by



2.1

pure cultures of fungi (Yu et. al., 2006). Fungal degradation of chlorpyrifos was 

reported in VerticiUiam sp. DSP in pure cultures and its use in bioremediation of 

contaminated soil (Fang et al., 2008). A fungal strain capable of utilizing 

chlorpyrifos as sole carbon and energy sources from soil and degradation of 

chlorpyrifos in pure cultures and on vegetables by this fungal strain and its cell- 

free extract was also reported.

Prabakaran and Ramaswamy (1990) showed that seed treatment with 

seven pesticides including chlorpyrifos in green gram and blackgram reduced 

Rhizobium population to 67-99 per cent in green gram and 95-99 per cent in black 

gram. Similar studies wherein significant inhibition of nodulation due to 

chlorpyrifos application has also been reported (Dawson et al., 2001). Rekha, 

(2005) studied the effect of chlorpyrifos on nodulation in cowpea under different 

soil conditions and observed that there was decline in nodule count on second and 

fourth week after application as compared to control. A significant inhibition of 

nodulation was observed. This could be due to higher persistence and slow rate of 

dissipation of chlorpyrifos resulting in an inhibition of nodulating bacteria in soil.

The study conducted by Parween et al. (2011) in Vigna radiata L. also 

found that application of chlorpyrifos at higher concentrations caused a negative 

impact on plant biometric characters, pigment and yield parameters. At higher 

concentrations, all the growth parameters such as plant height, number of 

branches, number of leaves per plant, total leaf area and plant biomass were 

remarkably reduced in all the growth phases under study. Similar suppression of 

biometric characters was noted by Warabi et al. (2001) who observed retarded 

cell growth and division in soy bean roots, cell elongation and conversion of 

indole-3 acetic acid (IAA) into various photooxidative products under higher 

concentration of applied insecticide. Action of OP pesticides as strong auxin 

antagonists to crops has been reported in terrestrial plants (Tevini and Teramura, 

1989), maize and sugarcane (Luscombe et al., 1995) and cucumber (Mishra et al. 

2008). Retardation of yield attributing characters under high concentration of



pesticide was observed by other researchers also (Lagana et al., 2000; Nakamura 

et aL, 2000).

Anuja George (2005) observed that, bioaugmentation of the promising 

chlorpyrifos degrading bacteria JA-8  and JA-15 individually and in combination 

improved the germination of seeds. In the treatment where chlorpyrifos spiked 

soil was inoculated with both the strains, the germination percentage of the 

cowpea seeds on 3 DAS was found to be higher (59.43 per cent) than the 

treatments with individual inoculations. It was found that the inoculation of JA-8 

and JA-15 either individually or in combination improved the plant height of the 

seedlings when compared to the uninoculated control on all days of observation. 

There was a significant reduction in shoot dry weight, root dry weight and total 

biomass (dry weight) of the seedlings at 30 DAS in the pesticide spiked treatment 

when compared to the control treatment i.e. without any pesticide. However, 

these negative effects were nullified by the bioaugmentation of JA-8  and JA-15 

either singly or dually. The dual inoculation resulted in the shoot dry weight of 

1.35 g plant'1, root dry weight of 0.41 g plant'1 and a total biomass (dry weight) of 

1.76 g per plant. The uninoculated control treatment resulted in 0.76, 0.17 and

0.93 g per plant respectively. She also noticed that the population of different 

groups of microorganisms i.e., bacteria, fungi and actinomycetes in chlorpyrifos 

spiked soil were severely declined plant growth period. However, they were 

increased due to the bioaugmentation with the degrading strains singly or dually. 

The population of chlorpyrifos degrading bacteria in the polluted soil was also 

found to increase throughout the period of investigation due to breakdown of the 

pesticide. The biodegradation of the pesticide by the introduced strains either 

singly or dually was two times higher than that of the environmental degradation 
by the native strains.



Materials and methods



3. MATERIALS AND METHODS

A study was undertaken to isolate, screen and evaluate microorganisms 

capable of degradation of organophosphorus pesticide - chlorpyrifos for the 

bioremediation of contaminated soils. The experiments were carried out during 

2012-2014 in the Department of Agricultural Microbiology at College of 

Agriculture Vellayani. Details of the materials used and the methods followed for 

the study are furnished below:

3.1. SOIL SAMPLING

Soil samples were collected from the following locations of Idukki district 

where chlorpyrifos application was a routine practice to control various pests of 

cardamom and high residue level has been reported (Beevi et al., 2014). The 

locations for collection of soil samples were selected in consultation with the 

Pesticide Residue Lab at College of Agriculture, Vellayani.

1. Pampadumpara

2. Puliyanmala

3. Thenamakkal

3.2. CHLORPYRIFOS

Technical formulation of chlorpyrifos insecticide of 99 percent purity was 

purchased from Sigma Aldrich- chemicals, Bangalore and was used uniformly for 

laboratory studies. For field experiment, commercial formulation of chlorpyrifos, 

Radar 20EC was used.

3.3. ISOLATION OF MICROORGANISMS CAPABLE OF DEGRADATION 

OF ORGANOPHOSPHORUS PESTICIDE- CHLORPYRIFOS

Microorganisms capable of degradation of chlorpyrifos were isolated from 

soil samples by enrichment culture technique. Rhizosphere soil was collected 

from cardamom plantations of Idukki district, where high residue level of 

chlorpyrifos has been reported. The soil samples collected from different locations



were filled into earthen flower pots of size 25 cm diameter after sealing the hole 

with cement. The pots were enriched by weekly addition of chlorpyrifos (100

ppm) upto 8-10 weeks. After enrichment, one gram of enriched soil was added to
/

mineral salts medium (Karpouzas and Walker, 2000; Singh et al., 2004), 

supplemented with 100 ppm chlorpyrifos and incubated at room temperature. 

After one week, one ml from the above medium was transferred to fresh MS 

medium containing chlorpyrifos and this was repeated 2-3 times for further 

purification. Finally one ml was plated on MS media containing 100 ppm 

chlorpyrifos.

As many as nineteen isolates comprising eleven bacteria, seven fungi and 

one actinomycete capable of utilizing chlorpyrifos as carbon source were isolated 

by enrichment culture technique, these isolates were allotted code numbers 

starting from M1-M19.

3.4. PRELIMINARY SCREENING OF THE ISOLATES

The bacterial isolates which showed significant growth on the plates were 

purified following streak plate method. Single colonies were transferred to MSM 

slants for further studies. Similarly the purified fungal and actinomycetes colonies 

were also transferred to MSM slants for further studies. All the 19 isolates 

obtained were subjected to a preliminary screening to assess the ability of the 

isolates to utilize chlorpyrifos as carbon source in five different concentrations -  

50, 100, 200, 400 and 800 ppm at intervals of 7,15,20,25 and 30 days after 

inoculation with two replications each. The growth of bacterial isolates was 

assessed based on optical density (OD value) at 660 nm and for fungi and 

Actinomycetes, total viable count was assessed at different intervals of 7, 15, 20, 

25 and 30 days after inoculation. The isolates which showed significant growth in 

50, 100, 200, 400 and 800 ppm concentrations at different intervals were selected 

for further studies.
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3.5. IN VITRO EVALUATION OF THE ISOLATES

The isolates which showed significant growth in 100,200,400 and 800 

ppm concentrations of chlorpyrifos at different intervals were once again 

evaluated by secondary screening to assess the ability of the isolates to utilize 

chlorpyrifos as sole carbon source. Mineral salts medium amended with 100, 200, 

400 and 800 ppm concentrations of chlorpyrifos was prepared and the selected 

isolates were inoculated to MSM containing 100,200,400 and 800 ppm 

concentrations of chlorpyrifos and incubated at room temperature. Two 

replications were maintained for each treatment. At regular intervals of 7, 15, 20, 

25 and 30 days after inoculation, population build up was assessed based on total 

viable count. The degradation potential of the selected isolates was evaluated by 

analyzing the residue of chlorpyrifos in the medium in GC-MS. The release of 

chloride into the medium was also analyzed by Argentometric method. The 

isolates which recorded maximum population buildup in different concentrations 

of chlorpyrifos and maximum degradation of chlorpyrifos were selected for 

further studies.

3.6. BIODEGRADATION STUDIES

3.6.1. Chlorpyrifos Residue Analysis in MSM

Chlorpyrifos residue was analyzed by the method of Mukherjee et al. 

(2007). In this assay, at defined intervals, 750 ml distilled water was taken in one 

liter separating funnel. One ml of sample was transferred in to the flask and added 

150g NaCl and 75 ml DCM and shaken in a mechanical shaker at 250 rpm for 5 

minutes. Collected organic layer (DCM) containing chlorpyrifos repeatedly 

partitioned with 40 ml DCM X 2 and 50 ml Hexane. Combined the organic layer 

and concentrated to 5 ml and added 2 X 20 ml n-Hexane, concentrated and made 

up to one ml. GC-ECD analysis was done and confirmed by GC-MS. The 

chlorpyrifos concentration was estimated by referring to the standard curve. The 

standard curve was prepared by using gradient concentrations of chlorpyrifos (50, 

100, 200, 400, and 800 ppm). The residue was calculated as follows.



Residue = Peak area of sample x Concentration of Std x Final volume of extract 

Peak area of Standard x Weight of sample (g) x Volume injected in (pi)

3.6.2. Chloride Analysis in MSM and Soil

The chloride released in to the medium was analyzed following the 

Argentometric method (Greenberg et al.9 1992). This is an indirect method of 

measuring chlorpyrifos degradation. The method has two steps.

a) Sample preparation

One ml sample was diluted to 10 ml and three ml of A1 (OH)3 suspension 

and one ml H2O2 were added and stirred for a minute.

b) Titration

The prepared sample was directly titrated with AgN03 (0.0141 N) in 

presence of one ml of K2Cr04 indicator solution in the pH range 7.0 to 10.0, until a 

pinkish yellow colour end point was obtained. The same procedure was repeated 

for blank. Chloride released was calculated as follows.

(A-B)xNx 35.450

Chloride released (m gr1) = -------------------------------

ml of sample

Where,

A = ml of sample 

B = ml titration for blank 

N = Normality of AgN03

3.7 CHARACTERIZATION OF ISOLATES

The selected efficient isolates capable of degrading chlorpyrifos were 

characterized based on morphological and molecular studies as detailed below. 

The isolates were identified up to generic level.



3.7.1 Morphological Characterization of Isolates

The colony morphology, texture and appearance of the isolates on 

petriplates were studied.

3.7.2 Molecular Characterization of Selected Isolates by DNA Sequencing 

Using Universal Primers of 18SrRNA

The isolates obtained from different locations were characterized on 

molecular basis by comparison of the rDNA sequences of the isolates. The 

procedure for molecular characterization was as follows:

3.7.2.1 DNA Isolation Using Nucleo Spin Plant IIK it (Macherey-Nagel)

About 25 mg of the mycelium was homogenized in four hundred

microlitres of buffer PL1 and vortexed for 1 minute. Ten microlitres of RNase A 

solution was added and inverted to mix. The homogenate was incubated at 65°C 

for 10 minutes. The lysate was transferred to a Nucleospin filter and centrifuged at 

11000 x g for 2 minutes. The flow through liquid was collected and the filter was 

discarded. Four hundred and fifty microlitres of buffer PC was added and mixed 

well. The solution was transferred to a Nucleospin Plant II column, centrifuged 

for 1 minute and the flow through liquid was discarded. Four hundred microlitre 

buffer PW1 was added to the column, centrifuged at 11000 x g for 1 minute and 

flow though liquid was discarded. Then 700 pi PW2 was added, centrifuged at 

11000 x g and flow through liquid was discarded. Finally 200 pi of PW2 was 

added and centrifuged at 11000 x g for 2 minutes to dry the silica membrane. The 

column was transferred to a new 1.7 ml tube and 50 pi of buffer PE was added 

and incubated at 65°C for 5 minutes. The column was then centrifuged at 11000 x 

g for 1 minute to elute the DNA. The eluted DNA was stored at 4°C.

3.7.2.2 Agarose Gel Electrophoresis for DNA Quality Check

The quality of the DNA isolated was checked using agarose gel 

electrophoresis, lpl of 6X gel-loading buffer (0.25% bromophenol blue, 30% 

sucrose in TE buffer pH-8.0) was added to 5pl of DNA. The samples were loaded



za

to 0.8% agarose gel prepared in 0.5X TBE (Tris-Borate-EDTA) buffer containing

0.5 pg/ml ethidium bromide. Electrophoresis was performed with 0.5X TBE as 

electrophoresis buffer at 75 V until bromophenol dye front has migrated to the 

bottom of the gel. The gels were visualized in a UV transilluminator (Genei) and 

the image was captured under UV light using Gel documentation system (Bio- 

Rad).

3.7.2.3 PCR Analysis

PCR amplification reactions were carried out in a 20 pi reaction volume 

which contained IX Phire PCR buffer (contains 1.5 mM MgCh), 0.2mM each 

dNTPs (dATP, dGTP, dCTP and dTTP), 1 pi DNA, 0.2 pi Phire Hotstart II DNA 

polymerase enzyme, 0.1 mg/ml BSA and 3% DMSO, 0.5M Betaine, 5pM of 

forward and reverse primers.

Primers used

Target
Primer

Name
Direction Sequence (5’ -> 3’)

NS1 Forward GTAGTCATATGCTTGTCTC

18S NS4 Reverse CTTCCGTCAATTCCTTTAAG

NS3 Reverse CCTTGTTACGACTTCACCTTCCTCT

The PCR amplification was carried out in a PCR thermal cycler (GeneAmp PCR 

System 9700, Applied Biosystems).

PCR amplification profile 

18S

98 °C 

98 °C 

60 °C 

72 °C 

72 °C 

4 °C

30 sec 

5 sec 

10 sec 

15 sec 

60 sec

40 cycles

oo



3.7.2.4 Agarose Gel Electrophoresis o f  PCR Products

The PCR products were checked in 1.2% agarose gel prepared in 0.5X 

TBE buffer containing 0.5 pg/ml ethidium bromide. 1 pi of 6X loading dye was 

mixed with 5 pi of PCR products and was loaded and electrophoresis was 

performed at 75V power supply with 0.5X TBE as electrophoresis buffer for 

about 1 -2  hours, until the bromophenol blue front had migrated to almost the 

bottom of the gel. The molecular standard used was 2-log DNA ladder (NEB). 

The gels were visualized in a UV transilluminator (Genei) and the image was 

captured under UV light using Gel documentation system (Bio-Rad).

3.7.2.5 ExoSAP-IT Treatment

ExoSAP-IT (GE Healthcare) consists of two hydrolytic enzymes, 

Exonuclease I and Shrimp Alkaline Phosphatase (SAP), in a specially formulated 

buffer for the removal of unwanted primers and dNTPs from a PCR product 

mixture with no interference in downstream applications. Five micro litres of 

PCR product was mixed with 2 pi of ExoSAP-IT and incubated at 37°C for 15 

minutes followed by enzyme inactivation at 80°C for 15 minutes.

3.7.2.6 Sequencing Using BigDye Terminator v3.1

Sequencing reaction was done in a PCR thermal cycler (GeneAmp PCR 

System 9700, Applied Biosystems) using the BigDye Terminator v3.1 Cycle 

sequencing Kit (Applied Biosystems , USA) following manufactures protocol.

The PCR mix consisted of the following components:

PCR Product (ExoSAP treated) - 10 -20  ng
Primer - 3.2 pM

(either Forward or Reverse)
Sequencing Mix - 0.28 pi
5x Reaction buffer - 1.86 pi
Sterile distilled water makeup to lOpl



3o

The sequencing PCR temperature profile consisted of a 1st cycle at 96°C 

for 2 minutes followed by 30 cycles at 96°C for 30 sec, 50°C for 40 sec and 60°C 

for 4 minutes for all the primers.

3.7.2.7 Post Sequencing PCR Clean up

1. Make master mix I oflOpI milli Q and 2 pi 125mM EDTA per reaction

2. Add 12pl of master mix I to each reaction containing lOpl of reaction 

contents and are properly mixed.

3. Make master mix II of 2 pi of 3M sodium acetate pH 4.6 and 50 pi of 

ethanol per reaction.

4. Add 52 pi of master mix II to each reaction.

5. Contents are mixed by inverting.

6. Incubate at room temperature for 30 minutes

7. Spin at 14,000 rpm for 30 minutes

8. Decant the supernatant and add 100 pi of 70% ethanol

9. Spin at 14,000 rpm for 20 minutes.

10. Decant the supernatant and repeat 70% ethanol wash

11. Decant the supernatant and air dry the pellet.

The cleaned up air dried product was sequenced in ABI 3500 DNA 

Analyzer (Applied Biosystems).

3.7.2.8 Sequence Analysis

The sequence quality was checked using Sequence Scanner Software 

vl (Applied Biosystems). Sequence alignment and required editing of the 

obtained sequences were carried out using Geneious Pro v5.1 (Drummond et al., 

2010).

3.7.2.9 Bioinformatics

The obtained rDNA sequences of all the selected isolates were searched in 

the NCBI (National centre for Biotechnology Information) database using BLAST 

(N) (Basic Local Alignment Search Tool (Nucleotide)) and tBLASTx. Based on



genetic similarity, the organisms were identified. The sequences were put into 

Clustal omega database for obtaining the phylogenetic tree using neighbor joining 

method.

3.8 DEVELOPMENT OF CONSORTIUM OF ISOLATES

With the objective of developing a consortium, the selected fungal isolates 

were co-cultured in Mineral salts medium and Potato dextrose broth and their 

compatibility was studied by assessing the population build up of each of the 

individual isolates of consortium, recorded as viable count on 7 DAI. The 

compatibility of the isolates was further confirmed by dual culture technique.

3.8.1 Dual culture technique

The dual culture technique outlined by Skidmore and Dickinson (1967) 

was followed for studying the antagonistic activity among the selected isolates. 

Agar discs of five mm diameter of each isolate were placed five cm apart on 

opposite sides of the petriplates containing sterilized PDA. The plates were then 

incubated at 28 ± 2°C for observing the suppression. Control consisted of 

petridishes inoculated with five mm culture disc of individual isolates alone were 

maintained. The plates were observed from the third day of inoculation at 24 h 

interval for about seven days.

3.9 EVALUATION OF THE CONSORTIUM UNDER IN VITRO CONDITIONS

The ability of the developed consortium to degrade 50, 100, 200, 400 and 

800 ppm concentrations of chlorpyrifos was evaluated under in vitro conditions, at 

intervals of 7, 15, 20, 25-and 30 day after inoculation. Two replications were 

maintained for each treatment. Growth of isolates was measured by enumerating 

the total viable count expressed per ml of media. The degradation potential of the 

consortium was assessed by analyzing the residual chlorpyrifos in the medium in 

GC-MS. The release of end product, chloride was also measured by 

Argentometric method at intervals of 7,15, 20, 25 and 30 days after inoculation.
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3.10 EVALUATION OF THE BIOREMEDIATION EFFICIENCY OF THE 

DEVELOPED CONSORTIUM IN CONTAMINATED SOIL UNDER 

POT CULTURE CONDITIONS

3.10.1 Location

The experiment was conducted in the green house of the Department of 

Agricultural Microbiology, Vellayani, Thiruvananthapuram.

Uniform sized earthem pots of 25 cm diameter were used for the 

experiment after cementing the holes to avoid seepage of chlorpyrifos and filled 

with 5 kg each of sterilized soil. The formulated liquid consortium of efficient 

chlorpyrifos degraders containing M5 (80.50 xlO3 cfu ml'1), M6 (141.50 xlO3 cfu 

ml"1 ), M7 (239.0 xlO3 cfu ml"1) and M17 (186.50 xlO3 cfu ml'1) in MSM was 

evaluated in chlorpyrifos spiked soil at two different concentrations viz., 100 and 

400 ppm with cowpea as the test crop.

Design : CRD

Treatments : 5

Replication : 4

3.10.2 Treatments

The commercial formulation of chlorpyrifos (Radar 20EC) manufactured 

by Isagro Asia was purchased from local market and applied at two different 

levels viz. 100 ppm and 400 ppm.

T1 : Unspiked soil + cowpea

T2 : Soil spiked with chlorpyrifos (100 ppm) + cowpea

T3 : Soil spiked with chlorpyrifos (100 ppm) +consortium+ cowpea

T4 : Soil spiked with chlorpyrifos (400 ppm) +cowpea

T5 : Soil spiked with chlorpyrifos (400 ppm) +consortium +cowpea

The biometric characters of plants such as plant height, fresh weight and 

dry weight of plant and roots, nodulation parameter such as nodule number, 

nodule fresh weight and dry weight and yield were recorded to study the effect of
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spiking of chlorpyrifos and application of consortium. The residue of chlorpyrifos 

in soil was estimated by GC-MS and the chloride released in to the soil was 

measured by Argentometric method. The population of total soil micro flora and 

colonization of chlorpyrifos degraders in rhizosphere of cowpea were enumerated 

by estimating the total viable count per gram of soil.

3.10.3 Chlorpyrifos residue analysis in soil

Extraction and analysis: Twenty five grams of treated soil samples were 

air dried for extraction and homogenized with 0.5 g charcoal (activated) for 4 hrs 

at 120°C. Then added 1.0 g Florisil (activated for 4 hours at 650°C) and 5 drops 

of 25% NH4OH solution, placed over a 2.5 cm layer of anhydrous sodium 

sulphate (analytical grade) in a glass column with 34 cm length and 2.5 cm dia. 

Extraction was done by using a solution of n-hexane (distilled) and acetone 

(distilled) in a ratio of 2:1 by the method as described by Mumtaz et a l (1983). 

Eluted material was collected in a 250 ml conical flask (Pyrex) and later 

evaporated on rotary evaporator to almost dryness, dissolved in 2-5 ml quantity n- 

hexane in small glass vials for GC-MS determination.

3.11 STATISTICAL ANALYSIS

The data generated from the experiments were statistically analyzed using 

analysis of variance techniques (ANOVA) as applied to Completely Randomized 

Design described by Panse and Sukhatme, 1985.



Results



4. RESULTS

The present study on “Isolation, characterization and evaluation of soil 

microorganisms for bioremediation of chlorpyrifos’ was conducted during the 

period from 2012-2014 in the Department of Agricultural Microbiology, College 

of Agriculture, Vellayani, Thiruvananthapuram, Kerala. Investigations were 

carried out to isolate, screen and evaluate microorganisms capable of degrading 

chlorpyrifos, belonging to the organophoshorus group of pesticides. Efficient 

microorganisms capable of degradation were formulated as a consortium. Further, 

the consortium developed was used for in vivo bioremediation of chlorpyrifos 

spiked soil. The results obtained on these studies are presented below:

4.1. ISOLATION OF MICROORGANISMS CAPABLE OF DEGRADATION 

OF ORGANOPHOSPHORUS PESTICIDE- CHLORPYRIFOS

Microorganisms capable of degrading chlorpyrifos were isolated by 

enrichment culture technique from identified locations having high toxic level of 

chlorpyrifos residue. The locations were selected in consultation with the 

Pesticide Residue Laboratory at College of Agriculture, Vellayani. Soil samples 

were collected from Cardamom fields of Idukki district where chlorpyrifos was 

applied to control various pests.

Nineteen different microorganisms comprising eleven bacteria, seven 

fungi, one actinomycete were isolated by enrichment culture technique. These 

isolates were allotted code numbers from M1-M19 as shown in Table 1.

4.2. PRELIMINARY SCREENING OF THE ISOLATES

All the nineteen isolates obtained were subjected to a preliminary 

screening to assess the ability of the isolates to utilize chlorpyrifos as carbon 

source in five different concentrations- 50, 100, 200, 400 and 800 ppm based on 

OD value (optical density) for bacteria and total viable count for fungi and
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Table 1. List of isolated microorganisms

SI.No- Isolates Type of Microorganism

1 Ml Bacteria

2 M2 Bacteria

3 M3 Bacteria

4 M4 Bacteria

5 M5 Fungus

6 M6 Fungus

7 M7 Fungus

8 M8 Bacteria

9 M9 Bacteria

10 M10 Bacteria

11 M il Fungus

12 M12 Actinomycete

13 M13 Bacteria

14 M14 Bacteria

15 M15 Bacteria

16 M16 Bacteria

17 M17 Fungus

18 M18 Fungus

19 M19 Fungus



actinomycete at different intervals of 7, 15, 20, 25 and 30 days after inoculation 

(Plate 1).

4.2.1. Preliminary Screening to Assess the Growth of Bacterial Isolates in

50 ppm Concentration of Chlorpyrifos in MSM

The eleven bacterial isolates obtained were subjected to preliminary 

screening to assess their growth in 50, 100, 200, 400 and 800 ppm concentrations 

of chlorpyrifos at different intervals of 7, 15, 20, 25 and 30 days after inoculation 

and the results are presented in Table 2-6.

On 7th day, maximum growth of 0.280 was recorded with isolate M10 

which was significantly superior to all other isolates followed by M3 (0.129), M4 

(0.078), M15 (0.070), M16 (0.070), Ml (0.067), M9 (0.062), M8 (0.060), M13 

(0.044), M14 (0.030) and M2 (0.017).

■ The maximum growth of 0.279 was recorded with isolate M10 on 15th day 

of inoculation which was significantly superior to all other isolates followed by 

M3 (0.153), M4 (0.079), M16 (0.077), M15 (0.073), M9 (0.072), M8 (0.071), 

Ml (0.065), M13 (0.043), M14 (0.032) and M2 (0.026).

After 20 days of inoculation, maximum growth of 0.30 was recorded with 

isolate M10 which was significantly superior to all other isolates followed by M3 

(0.140), M4 (0.081), M16 (0.078), M15 (0.074), M9 (0.073), M8 (0.073), 

M13(0.058), Ml (0.052), M l4 (0.041) and M2 (0.015).

Isolate M10 showed maximum growth of 0.30 on 25th day of inoculation 

which was significantly superior to all other isolates followed by M3 (0.157), M9 

(0.091), M16 (0.078), M15 (0.077), M4 (0.074), M8 (0.071), Ml (0.066), M13 

(0.059), M14 (0.041) and M2 (0.016).



(M7) Fungus

(Ml 2) Actinomycete

(M10) Bacteria

(Ml 7) Fungus

Plate 1. Selected isolates after preliminary screening
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After 30 days of inoculation, maximum growth of 0.299 was recorded 

with isolate M10 which was significantly superior to all other bacterial isolates 

followed by M3 (0.159), M9 (0.105), M15 (0.084), M16 (0.076), M4 (0.075), M8 

(0.074), M l3 (0.049), M14 (0.049), Ml (0.045) and M2 (0.016).

Thus in 50 ppm concentration, maximum growth was recorded by isolate 

M10 followed by M3 on 7th ,15th ,20th ,25th and 30th day after inoculation.

4.2.2. Preliminary Screening to Assess the Growth of Bacterial Isolates in 

100 ppm Concentration of Chlorpyrifos in MSM

After 7 days of inoculation, maximum growth of 0.292 was recorded with 

isolate M10 which was significantly superior to all other isolates followed by M9 

(0.166), M3 (0.132), M4 (0.089), M15 (0.084), M16 (0.079), M8 (0.069), Ml 

(0.068), M13 (0.050), M14 (0.039) and M2 (0.017).

After 15 days of inoculation, maximum growth of 0.292 was recorded 

with isolate M l0 which was significantly superior to all other isolates followed by 

M9 (0.166), M3 (0.154), M4 (0.089), M15 (0.086), M16 (0.079), MS (0.075), 

M l(0.069), M13 (0.052), M14 (0.041) and M2 (0.028).

On 20th day, maximum growth of 0.301 was recorded with isolate M10 

which was significantly superior to all other isolates followed by M9 (0.173), M3 

(0.157), M4 (0.091), M15 (0.089), M16 (0.079), M8 (0.077), M13 (0.055), 

Ml (0.054), M2 (0.054), and M14 (0.043).

The isolate M10 showed maximum growth of 0.302 on 25th day of 

inoculation which was significantly superior to all other isolates followed by M9 

(0.178), M3 (0.159), M4 (0.094), M15 (0.090), M16 (0.079), M8 (0.075), Ml 

(0.069), M2 (0.068), M13 (0.059) and M14 (0.045).
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Table 2. Preliminary screening to assess the growth of bacterial isolates in 

50 ppm concentration of chlorpyrifos in MSM

*Optical Density (absorbance at 660 nm)
Isolates 7th DAI 15th DAI 20th DAI 25th DAI 30“ DAI

Ml 0.067 0.065 0.052 0.066 0.045
M2 0.017 0.026 0.015 0.016 0.016
M3 0.129 0.153 0.140 0.157 0.159
M4 0.078 0.079 0.081 0.074 0.075
M8 0.060 0.071 0.073 0.071 0.074
M9 0.062 0.072 0.073 0.091 0.105

M10 0.280 0.279 0.300 0.300 0.299
M13 0.044 0.043 0.058 0.059 0.049
M14 0.030 0.032 0.041 0.041 0.049
M15 0.070 0.073 0.074 0.077 0.084
M16 0.070 0.077 0.078 0.078 0.076

CD (0.05) 0.016 0.011 0.013 0.016 0.018
*Mean of two replications

Table 3. Preliminary screening to assess the growth of bacterial isolates in 

100 ppm concentration of chlorpyrifos in MSM

*OpticaI Density (absorbance at 660 nm)
Isolates 7th DAI 15“ DAI 20“ DAI 25th DAI 30“ DAI

Ml 0.068 0.069 0.054 0.069 0.051
M2 0.017 0.028 0.054 0.068 0.066
M3 0.132 0.154 0.157 0.159 0.157
M4 0.089 0.089 0.091 0.094 0.095
M8 0.069 0.075 0.077 0.075 0.077
M9 0.166 0.166 0.173 0.178 0.180
M10 0.292 0.292 0.301 0.302 0.302
M13 0.050 0.052 0.055 0.059 0.060
M14 0.039 0.041 0.043 0.045 0.047
M15 0.084 0.086 0.089 0.090 0.090
M16 0.079 0.079 0.079 0.079 0.080

CD (0.05) 0.021 0.018 0.020 0.015 0.015
* M e a n  o f  t w o  r e p l i c a t io n s
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On 30th day, maximum growth of 0.302 was recorded with isolate M10 

which was significantly superior to all other isolates followed by M9 (0.180), M3 

(0.157), M4 (0.095), M15 (0.090), M16 (0.080), M8 (0.077), M2 (0.066), M13 

(0.060), Ml (0.051) and M14 (0.047).

In 100 ppm concentration, the isolate M10 showed maximum growth 

which was significantly superior to all other isolates followed by M9 on 7lh, 15th, 

20lh, 25th and 30th day after inoculation.

4.2.3. Preliminary Screening to Assess the Growth of Bacterial Isolates in 

200 ppm Concentration of Chlorpyrifos in MSM 

On 7th day, maximum growth of 0.305 was recorded with isolate M10 

which was significantly superior to all other isolates followed by M9 (0.174), M3 

(0.149), M4 (0.097), M8 (0.086), M15 (0.086), M16 (0.082), Ml (0.081), M13 

(0.063), M2 (0.041) and M14 (0.057).

On 15th day, maximum growth of 0.313 was recorded with isolate M10 

which was significantly superior to all other isolates followed by M9 (0.175), M3 

(0.149), M4 (0.098), Ml (0.090), M8 (0.087), M15 (0.087), M16 (0.082), M13 

(0.064), M14 (0.060) and M2 (0.042).

The isolate M10 showed maximum growth of 0.316 on 20th day after 

inoculation and was significantly superior to all other isolates followed by M9 

(0.177), M3 (0.150), M4 (0.098), Ml (0.094), M8 (0.088), M15 (0.087), M16 

(0.082), M13 (0.065), M14 (0.062) and M2 (0.038).

On 25th day, maximum growth of 0.318 was recorded with isolate M10 

which was significantly superior to all other bacterial isolates followed by M9 

(0.180), M3 (0.155), M4 (0.099), Ml (0.094), M8 (0.089), M15 (0.088), M16 
(0.084), M13 (0.066), M14 (0.064) M2 (0.039).
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After 30 days of inoculation the maximum growth of 0.318 was recorded 

with isolate M10 which was significantly superior to all other isolates followed by 

M9 (0.181), M3 (0.156), M4 (0.099), Ml (0.095), M8 (0.090), M15 (0.088), M16 

(0.084), M13 (0.067), M14 (0.061) and M2 (0.039).

Thus in 200 ppm concentration, maximum growth was recorded by isolate 

Ml 0 followed by M9 on 7th, 15th , 20th , 25th and 30th day after inoculation.

4.2.4. Preliminary Screening to Assess the Growth of Bacterial Isolates in

400 ppm Concentration of Chlorpyrifos in MSM

After 7 days of inoculation, maximum growth of 0.284 was recorded 

with isolate Ml 0 which was significantly superior to all other isolates followed by 

M3 (0.135), M9 (0.103), M4 (0.099), Ml (0.087), M8 (0.074), M15 (0.076), M16 

(0.063), M l3 (0.057), M14 (0.045) and M2 (0.024).

On 15th day, maximum growth of 0.287 was recorded with isolate M10 

which was significantly superior to all other isolates followed by M3 (0.135), M9 

(0.106), M4 (0.105), Ml (0.088), M15 (0.076), M8 (0.074), M16 (0.064), M13 

(0.060), M14 (0.045) and M2 (0.026).

On 20th day, maximum growth of 0.289 was recorded with isolate M10 

which was significantly superior to all other isolates followed by M4 (0.130), M3 

(0.128), M9 (0.107), M l (0.088), M15 (0.077), M8 (0.074), M16 (0.064), M13 

(0.062), M14 (0.046) and M2 (0.025).

After 25 days of incubation, the maximum growth of 0.295 was recorded 

with isolate Ml 0 which was significantly superior to all other isolates followed by 

M3 (0.130), M4 (0.120), M9 (0.109), Ml (0.088), M15 (0.077), M8 (0.075), 

M16 (0.064), M13 (0.064), M14 (0.048) and M2 (0.024).
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Table 4. Preliminary screening to assess the growth of bacterial isolates in 
200 ppm concentration of chlorpyrifos in MSM

*Optical Density (absorbance at 660 nm)
Isolates 7th DAI 15th DAI 20th DAI 25th DAI 3 0'11 DAI

Ml 0.081 0.090 0.094 0.094 0.095
M2 0.041 0.042 0.038 0.039 0.039
M3 0.149 0.149 0.150 0.155 0.156
M4 0.097 0.098 0.098 ■ 0.099 0.099
M8 0.086 0.087 0.088 0.089 0.090
M9 0.174 0.175 0.177 0.180 0.181
M10 0.305 0.313 0.316 0.318 0.318
M13 0.063 0.064 0.065 0.066 0.067
M14 0.057 0.060 0.062 0.064 0.061
M15 0.086 0.087 0.087 0.088 0.088
M16 0.082 0.082 0.082 0.084 0.084

CD (0.05) 0.012 0.012 0.014 0.016 0.016
*Mean of two replications

Table 5. Preliminary screening to assess the growth of bacterial isolates in 

400 ppm concentration of chlorpyrifos in MSM

*Optical Density (absorbance at 660 nm)
Isolates 7th DAI 15th DAI 20th DAI 25"1 DAI 30lh DAI

Ml 0.087 0.088 0.088 0.088 0.089
M2 0.024 0.026 0.025 0.024* 0.024
M3 0.135 0.135 0.128 0.130 0.130
M4 0.099 0.105 0.130 0.120 0.135
M8 0.074 0.074 0.074 0.075 0.075
M9 0.103 0.106 0.107 0.109 0.111
M10 0.284 0.287 0.289 0.295 0.296
M13 0.057 0.060 0.062 0.064 0.065
M14 0.045 0.045 0.046 0.048 0.049
M15 0.076 0.076 0.077 0.077 0.074 ■
M16 0.063 0.064 0.064 0.064 0.065

CD (0.05) 0.025 0.025 0.021 0.025 0.025
*Mean of two replications



After 30 days of inoculation, maximum growth of 0.296 was recorded 

with isolate Ml 0 which was significantly superior to all other isolates followed by 

M4 (0.135), M3 (0.130), M9 (0.111), Ml (0.089), M8 (0.075), MI5 (0.074), M16 

(0.065), M13 (0.065), M14 (0.049) and M2 (0.024).

Among the eleven isolates tested, isolate M10 recorded the maximum 

growth in 400 ppm concentration followed by M3 on 7th, 15th, 20th and 25th day 

and M4 on 20th and 30th days after inoculation.

4.2.5. Preliminary Screening to Assess the Growth of Bacterial Isolates in 

800 ppm Concentration of Chlorpyrifos in MSM

On 7th day, maximum growth of 0.132 was recorded with isolate M10 

which was significantly superior to all other isolates followed by M l6 (0.031), 

M15 (0.020), M8 (0.016), M13 (0.016), M4 (0.015), M3 (0.015), M14 (0.015), 

M9 (0.015), Ml (0.014) and M2 (0.013).

On 15th day, maximum growth of 0.133 was recorded with isolate M10 

which was significantly superior to all other isolates followed by M16 (0.033), 

M15 (0.021), M8 (0.017), M4 (0.016), M3 (0.016), M13 (0.016), M9 (0.015), 

M14 (0.015), Ml (0.014) and M2 (0.014).

After 20 days of inoculation, maximum growth of 0.134 was recorded 

with isolate M10 which was significantly superior to all other isolates followed by 

M16 (0.034), M15 (0.022), M8 (0.018), M4 (0.018), M9 (0.018), M3 (0.017), 

M13 (0.017), M14 (0.016),Ml (0.015) and M2 (0.015).

After 25 days of inoculation, maximum growth of 0.134 was recorded 

with isolate M10 which was significantly superior to all other isolates followed by 

M16 (0.035), M15 (0.022), M4 (0.019), M8 (0.019), M13 (0.018), M2 (0.018), 

M3 (0.018), M9 (0.018), Ml (0.016) and M14 (0.016).
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Table 6. Preliminary screening to assess the growth of bacterial isolates in 

800 ppm concentration of chlorpyrifos in MSM

*Optical Density (absorbance at 660 nm)
Isolates 7th DAI 15,h DAI 20th DAI 25th DAI 30th DAI

Ml 0.014 0.014 0.015 0.016 0.014
M2 0.013 0.014 0.015 0.018 0.016
M3 0.015 0.016 0.017 0.018 0.016
M4 0.015 0.016 0.018 0.019 0.018
M8 0.016 0.017 0.018 0.019 0.018
M9 0.015 0.017 0.018 0.018 0.018
M10 0.132 0.133 0.134 0.134 0.133
M13 0.016 0.016 0.017 0.018 0.017
M14 0.015 0.015 0.016 0.016 0.016
M15 0.020 0.021 0.022 0.022 0.022
M16 0.031 0.033 0.034 0.035 0.036

CD (0.05) 0.006 0.005 0.005 0.005 0.004
*Mean of two replications



On 30th day, maximum growth of 0.133 was recorded with isolate M10 

which was significantly superior to all other isolates followed by M16 (0.036), 

M15 (0.022), M9 (0.018), M4 (0.018), M8 (0.018), M13 (0.017), M3 (0.016), 

M14 (0.016), M2 (0.016) and Ml (0.014).

In 800 ppm concentration maximum growth was recorded by isolate M10 

followed by M 16 on 7th, 15lh, 20th, 25th and 30Ih day after inoculation.

The results of the preliminary screening showed that the growth of M10 

was significantly superior to all the other isolates in 50,100,200,400 and 800 ppm 

concentrations at 7th, 15th, 20m, 25th and 30th days after inoculation.

The remaining seven fungal and one actinomycete isolate were screened 

based on the population build up in 50,100,200,400 and 800 ppm concentrations 

at different intervals of 7,15,20,25 and 30 days after inoculation and the results are 

presented in (Tables 7-11).

4.2.6. Preliminary Screening to Assess the Population Build up of Fungal and 

Actinomycetes Isolates in 50 ppm Concentration of Chlorpyrifos in

MSM

After 7 days of inoculation, maximum colony count of 100 x 103 cfu ml'1 

was recorded with isolate M7 which was statistically on par with M17 which 

recorded a colony count of 92 x 103 followed by M6 (80.50 xlO3 cfu ml'1), M5 

(65 xlO3 cfu ml-'), M12 (59 xlO3 cfu ml"1), M il (48.50 xlO3 cfo ml'1), M18 

(35.50 x 103 cfu ml'1) and Ml 9 (29.50 x 103 cfu ml'1).

On 15,h day the maximum colony count of 112 x 103 cfu ml'1 was recorded 

with isolate M7 which was statistically on par with M l7 which recorded a colony 

count of 108 xlO3 followed by isolate M6 (89.50 xlO3 cfu ml'1), 

M5 (81.50 xlO3 cfu ml'1), M12 (71 xlO3 cfu ml'1), M il (52 xlO3 cfu ml'1), M18 

(38.50 x 103 cfu ml'1) and M19 (26.50 x 103 cfu ml'1).
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After 20 days of inoculation, maximum colony count of 119.50 x 103 cfu 

ml'1 was recorded with isolate M l7 which was statistically on par with M7 which 

recorded a colony count of 118.50 xlO3 cfu ml"1 followed by isolate M6 (106 

xlO3 cfu ml"1), M5 (104.50 xlO3 cfu ml'1), M12 (96.50 xlO3 cfu ml"1), M18 (49.50 

x 103 cfu ml"1), Ml 1 (43 xlO3 cfu ml'1) and M19 (36.50 x 103 cfu ml'1).

On 25Ih day, the maximum colony count of 123.50 x 103 cfu ml' 1 was 

recorded with isolate M17 which was statistically on par with M7 which recorded 

a colony count of 122 xlO3 cfu ml'1 followed by isolate M6 (106xl03 cfu ml"1), 

M5 (98.50 xlO3 cfu ml'1), M12 (89.50 xlO3 cfu ml'1), M18 (40 x 103 cfu ml"1), 

M il (39.50 xlO3 cfu ml"1) and M19 (28 x 103 cfu ml'1).

On 30th day, the maximum colony count of 124.50 x 103 cfu ml"1 was 

recorded with isolate M7 which was significantly superior to all other isolates 

followed by M17(110 xlO3 cfu ml’1), M6(90xl03 cfu ml'1), M12(89 xlO3 cfu ml' 

'), M5(82 xlO3 cfu ml'1), M18(30.50 x 103 cfu ml'1), Ml 1(22 xlO3 cfu ml'1) and 

M19(20.50 x 103 cfu ml'1).

In 50 ppm concentration, maximum colony count was recorded by isolate 

M7 which was statistically on par with M17 followed by M6 on 7Ih, 15th and 30th 

day after inoculation. However, on 20th and 25lh day after inoculation, maximum 

colony count was recorded by isolate M17 which was statistically on par with M7 

followed by M6.

4.2.7. Preliminary Screening to Assess the Population Build up of Fungal and

Actinomycete Isolates in 100 ppm Concentration of Chlorpyrifos in

MSM

On 7th day, the maximum colony count of 111 x 103 cfu ml'1 was recorded 

with isolate M7 which was significantly superior to all other isolates followed by 

M17 (101 xlO3 cfu ml'1), M6 (90 xlO3 cfu ml'1), M5 (71.5 xlO3 cfu ml'1), M12 (65
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xlO3 cfu ml-1), Ml 1 (34.50 xlO3 cfu ml'1), M18 (20.50 x 103 cfu ml'1) and M19 

(19 x 1 03 cfd ml'1).

After 15 days of inoculation the maximum colony count of 118.50 x 103 

cfu ml'1 was recorded with isolate M7 which was significantly superior to all 

other isolates followed by M17 (110 xlO3 cfu ml-1), M5 (101 xlO3 cfu ml-1), M6 

(100xl03 cfu ml'1), M12 (76.50 xlO3 cfu ml'1), M il (30.50 xlO3 cfu ml'1), M18 

(29.50 x 103 cfu ml'1) and M l9 (21.50 x 103 cfu ml'1).

On 20th day, the maximum colony count of 123.50 x 103 cfu ml"1 was 

recorded with isolate M7 which was statistically on par with M6 and M17which 

recorded a colony count of 121.50x103 cfu ml'1 and 117.50 xlO3 cfu ml-1 

respectively followed by M5 (111.50 xlO3 cfu ml"1), M12 (100.50 xlO3 cfu ml'1), 

M18 (32.50 x 103 cfu ml'1), M il (30.50 xlO3 cfu ml'1) and M19 (28 x 103 cfu 

ml'1).

On 25lh day, the maximum colony count of 127 x 103 cfu ml-1 was 

recorded with isolate M7 which was statistically on par with M17which recorded 

a colony count of 121 xlO3 cfu ml"1 followed by M5 (109.50 xlO3 cfu ml'1), M6 

(109xl03 cfu ml'1), M12 (90 x 103 cfu ml'1), M il (28.50 xlO3 cfu ml'1), M18 

(27.50 x 103 cfu ml'1) and M19 (27.50 x 103 cfu ml'1).

After 30 days of inoculation, the maximum colony count of 127.50 x 103 

cfu ml"1 was recorded with isolate M7 which was significantly superior to all 

other isolates followed by M17 (111 xlO3 cfu ml"1), M6 (99xl03 cfu ml"1), M12 

(94.50 xlO3 cfuml'1), M5 (70 xlO3 cfu ml'1), M18 (19 x 103 cfu ml'1), M il 

(15.50 xlO3 cfuml'1) and M19 (15 x 103 cfuml'1).

In 100 ppm concentration, the isolate M7 showed significant colony count 

on 7th, 15th, 20th, 25th and 30th day after inoculation which was statistically on par 

with M17 on 7th, 15th, 25th and 30th days after inoculation. However, M7 was 

statistically on par with M6 and M17 on 20 DAI.



Table 7. Preliminary screening to assess the population build up of fungal and 

actinomycete isolates in 50 ppm concentration of chlorpyrifos in MSM

Isolates Total viable count (cfuxl0J ml'1)*
7th DAI 15th DAI 20th DAI 25th DAI 30th DAI

M5 65.00 81.50 104.50 98.50 82.50
M6 80.50 89.50 106.00 106.00 90.00
M7 100.00 112.00 118.50 122.00 124.50

M il 48.50 52.00 43.00 39.50 22.00

M12 59.00 71.00 96.50 89.50 89.00
M17 92.00 108.00 119.50 123.50 110.00

M18 35.50 38.50 49.50 40.00 30.50
M19 29.50 26.50 36.50 28.00 20.50

CD (0.05) 8.31 8.15 9.59 7.98 6.92
*Mean of two replications

Table 8. Preliminary screening to assess the population build up of fungal and 

actinomycete isolates in 100 ppm concentration of chlorpyrifos in MSM

Isolates Total viable count (cfuxlO3 ml'1)*
7th DAI 15th DAI 20th DAI 25th DAI 30,h DAI

M5 71.50 101.00 111.50 109.50 70.00
M6 90.00 100.50 121.50 109.00 99.50
M7 111.00 118.50 123.50 127.00 127.50
M il 34.50 30.50 30.50 28.50 15.50
M12 65.00 76.50 100.50 90.00 ■ 94.50
M17 101.00 110.00 117.50 121.0 0 111.00
M18 20.50 29.50 32.50 27.50 19.00
M19 19.00 21.50 28.00 27.50 15.00

CD (0.05) 7.36 6.67 8.76 11.17 6.42
*Mean of two replications
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4.2.8. Preliminary Screening to Assess the Population Build up of Fungal and

Actinomycete Isolates in 200 ppm Concentration of Chlorpyrifos in

MSM

On 7th day, maximum colony count of 121.50 x 103 cfu ml'1 was recorded 

with isolate M17 which was statistically on par with M7 which recorded a colony 

count of 120.50 xlO3 cfu ml'1 followed by M5 (110.50 xlO3 cfu ml'1), M6 

(101.50xl03 cfu ml'1), M12 (78 xlO3 cfu ml'1), M il (28.50 xlO3 cfu ml'1), M18 

(15.50 x I03 cfu ml'1) and M19(14x 103 cfuml'1).

After 15 days of inoculation, maximum colony count of 127.50 x 103 cfu 

ml*1 was recorded with isolate M7 which was statistically on par with M l7 and 

M6 which recorded a colony count of 126.50 xlO3 cfu ml'1, 117.50xl03 cfu ml"1 

respectively followed by M5 (112.50 xlO3 cfu ml'1), M12 (87 xlO3 cfu ml'1), 

Ml 1 (28.50 xlO3 cfu ml'1), M18 (24 x 103 cfu ml'1) and M19 (18 x 103 cfu ml'1).

On 20Ih day, the maximum colony count of 134.50 x 103 cfu ml'1 was 

recorded with isolate M17 which was statistically on par with M7 and M6 which 

recorded a colony count of 133.50 xlO3 cfu ml'1, 126xl03 cfu ml"1 respectively 

followed by M5 (121 xlO3 cfu ml'1), M12 (108.50 xlO3 cfu ml'1), M 18(27x l03 

cfu ml'1), Ml 1 (27 xlO3 cfu ml'1) and M19 (22 x 103 cfu ml'1).

After 25 days of inoculation, maximum colony count of 146.50 x 103 cfu 

ml'1 was recorded with isolate M7 which was statistically on par with M17 which 

recorded a colony count of 138.50 xlO3 ■ cfu ml"1 followed by 

M6 (121.50xl03 cfu ml'1), M5 (117.50 xlO3 cfu ml'1), M12 (101.50 xlO3 cfu ml' 

*), M l8 (25 x 103 cfu ml'1), M il (21 xlO3 cfu ml'1) and M19 (20.50 x 103 cfu 
ml'1).

On 30th day, the maximum colony count of 109.50 x 103 cfu ml"1 was 

recorded with isolate M7 which was significantly superior to all other isolates 

followed by M17 (99.50 xlO3 cfu ml'1), M12 (97.50 xlO3 cfu ml'1), M6



(79.50x103 cfu ml'1), M5 (68.50 xlO3 cfu ml"1), M il (12.50 xlO3 cfu ml'1), M18 

(11.50 x 103 cfu ml"1) and M19 (10.50 x 103 cfu ml'1).

In 200 ppm concentration, significant colony count was recorded by M17 

on 7th DAI which was statistically on par with isolate M7. However, on 15 DAI 

isolate M7 recorded maximum colony count which was statistically on par with 

M l7 and M6. On 20 DAI, the isolate M l7 recorded maximum colony count 

which was statistically on par with M7 and M6. On 25th DAI, isolate M7 which 

recorded maximum colony count was statistically on par with M17. On 30th DAI, 

isolate M7 was significantly superior to all other isolates.

4.2.9. Preliminary Screening to Assess the Population Build up of Fungal and 

Actinomycete Isolates in 400 ppm Concentration of Chlorpyrifos in 

MSM

On 7th day, maximum colony count of 146.50 x 103 cfu ml"1 was recorded 

with isolate M17 which was statistically on par with M7 and M6 which recorded 

a colony count of 142.50 xlO3 cfu ml"1 and 137.50xl03 cfu ml' 1 respectively 

followed by M5 (126.50 xlO3 cfu ml"1), M12 (85 xlO3 cfu ml"1), Ml 1 (21 xlO3 cfu 

ml"1), M18 (11.50 x 103 cfu ml"1) and M19 (10.50 x 103 cfu ml"1).

On 15th day, the maximum colony count of 156.50 x 103 was recorded 

with isolate M7 which was statistically on par with Ml 7 which recorded a 

colony count of 147.50xl03 cfu ml"1 followed by M6 (145.50 xlO3 cfu ml'1), M5 

(128.50 xlO3 cfu ml"1), M12 (94.50 xlO3 cfu ml"1), M il (19.50 xlO3 cfu ml'1), 

M18 (17 x 103 cfu ml'1) and M19 (15 x 103).

After 20 days of inoculation, maximum colony count of 167.50 x 103 cfu 

ml' 1 was recorded with isolate M7 which was statistically on par with M17 

which recorded a colony count of 165.50 xlO3 cfu ml"1 followed by 

M6 (153.50xl03 cfu ml"1), M5 (144.50 xlO3 cfu ml"1), M12 (115 xlO3 cfu ml'1), 

M19 (16 x 103 cfu ml'1), Ml 8 (14.50 x 103 cfu ml"1) and M il (14 xlO3 cfu ml"1).
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Table 9. Preliminary screening to assess the population build up of fungal and 

actinomycete isolates in 200 ppm concentration of chlorpyrifos in MSM

Isolates Total viable count (cfuxlO^ml'1)*
7th DAI 15th DAI 20th DAI 25th DAI 30th DAI

M5 110.50 112.50 121.00 117.50 68.50
M6 101.50 117.50 126.00 121.50 79.50
M7 120.50 127.50 133.50 146.50 109.50
M il 28.50 28.50 27.00 21.00 12.50
M12 78.00 87.00 108.50 101.50 97.50
M17 121.50 126.50 134.50 138.50 99.50
M18 15.50 24.00 27.00 25.00 11.50
M19 14.00 .18.00 22.00 20.50 10.50

CD (0.05) 10.53 10.54 10.42 9.26 9.78
*Mean of two replications

Table 10. Preliminary screening to assess the population build up of fungal and 

actinomycete isolates in 400 ppm concentration of chlorpyrifos in MSM

Isolates Total viable count (cfuxlO3 ml’1)*
7th DAI 15th DAI 20“ DAI 25m DAI 30th DAI

M5 126.50 128.50 144.50 142.50 75.50
M6 137.50 145.50 153.50 150.50 71.50
M7 142.50 156.50 167.50 172.50 96.50
M il 21.00 19.50 14.00 10.00 5.50
M12 85.00 94.50 115.00 112.50 105.00
M17 146.50 147.50 165.50 170.50 71.00
M18 11.50 17.00 14.50 11.00 9.00
M19 10.50 15.00 16.00 15.00 6.50

CD (0.05) 10.66 10.59 13.70 8.49 9.93
*Mean of two replications



On 25lh day, maximum colony count of 172.50 x 103 cfii ml'1 was 

recorded with isolate M7 which was statistically on par with M17 which 

recorded a colony count of 170.50 xlO3 cfu ml'1 followed by M6 (150.50xl03 cfu 

ml'1), M5 (142.50 xlO3 cfu ml'1), M12 (112.50 xlO3 cfu ml'1), M19 (15 x 103 cfu 

ml'1), M18 (11 x 103 cfu ml'1) and Ml 1(10 xlO3 cfu ml'1).

After 30 days of inoculation, maximum colony count of 105 x 103 cfu ml'1 

was recorded with isolate M l2 which was statistically on par with M7 which 

recorded a colony count of 96.50 xlO3 cfu ml' 1 followed by M5 (75.50 xlO3 cfu 

ml'1), M6 (71.50xl03 cfii ml"1), M17 (71 XlO3 cfu ml"'), M18 (9 x 103 cfii ml'1), 

M19 (6.50 x 103 cfii ml'1) and Ml 1 (5.50 xlO3 cfu ml"1).

In 400 ppm concentration, the isolate M l7 recorded maximum colony 

count on 7th DAI which was statistically on par with isolates M7 and M6. On 15Ih, 

20th and 25th DAI, isolate M7 recorded maximum colony count which was 

statistically on par with isolate M17. On 30 days after inoculation, the isolate M12 

recorded maximum colony count which was statistically on par with isolate M7.

4.2.10. Preliminary Screening to Assess the Population Buildup of Fungal

and Actinomycete Isolates in 800 ppm Concentration of Chlorpyrifos 

in MSM

On 7lh day, maximum colony count of 46.50 x 103 cfu ml' 1 was recorded 

with isolate M7 which was statistically on par with M l7 and M6 which recorded 

a colony count of 42.50 xlO3 cfu ml'1, 38.50xl03 cfu ml' 1 respectively followed by 

M12 (37X103 cfu ml'1), M5 (34.50 xlO3 cfu ml'1), M18 (10 x 103 cfu ml'1), M il 
(9 xlO3 cfu ml'1) and M19 (5 x 103 cfu ml'1).

After 15 days of inoculation, maximum colony count of 55.50 x 103 cfu 

ml'1 was recorded with isolate M7 which was followed by M17 (45.50 xlO3 cfu 

ml'1), M12 (45 XlO3 cfu ml'1), M6 (44.50xl03 cfu ml'1), M5 (40.50 xlO3 cfu ml'
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*), M18 (7.50 x 103 cfu ml'1), Ml 1(5.50 xlO3 cfu ml'1) and M19 (4 x 103 cfu 

ml"1).

On 20th day, maximum colony count of 57.50 x 103 cfu ml"1 was recorded 

with isolate M7 which was statistically on par with M5, M6 and M l7 which 

recorded a colony count of 52.50 x 103 cfu ml'1, 52.50 x 103 cfu ml'1 and 51.50 

xlO3 cfu ml'1 followed by M12 (43.50X103 cfu ml'1), Ml 1 (0 xlO3 cfu ml'1), M19 

(0 x 1 03 cfu ml'1) and M 18 (0 x 1 03 cfu ml'1).

After 25 days of inoculation, maximum colony count of 60.50 x 103 cfu 

ml'1 was recorded with isolate M7 which was significantly superior to all other 

isolates followed by M17 (53 xlO3 cfu ml'1), M6 (47.50xl03 cfu ml'1), M5 (47.50 

xlO3 cfu ml"1), M12 (35 X103 cfu ml'1), M il (0x l0 3 cfu ml'1), M18 (Ox 103 cfu 

ml'1) and M19 (0 x 103 cfu ml'1)

On 30th day, the maximum colony count of 54.50 x 103 cfu ml'1 was 

recorded with isolate M7 which was significantly superior to all other isolates 

followed by M5 (48.50 xlO3 cfu ml'1), M6 (47.50 x 103 cfu ml'1), M17 (43.50 

xlO3 cfu ml'1), M12 (28 X103 cfu ml"1), Ml I (1.50 xlO3 cfu ml'1), M18 (0 x 103 

cfu ml'1) and M19 (0 x 103 cfu ml"1).

In 800 ppm concentration, isolate M7 showed significant colony count on 

7th and 20th DAI which was statistically on par with M17 and M6 on 7DAI and 

statistically on par with M5, M6 and M17 on 20th DAI. On 15th, 25th and 30th 

isolate M7 recorded maximum significant growth.

The isolates M5, M6, M7, M12 and M17 which showed significant growth 

in 50,100,200,400 and 800 ppm concentrations compared to other isolates were 

selected for secondary screening studies. However, isolates M il, M l8 and M l9 

which showed less population buildup in all the concentrations tested was 
rejected.



Table 11. Preliminary screening to assess the population build up of fungal and 

actinomycete isolates in 800 ppm concentration of chlorpyrifos in MSM

Isolates Total viable count (cfuxlO3 ml'1)*
7th DAI 15th DAI 201" DAI 25lh DAI 30lh DAI

M5 34.50 40.50 52.50 47.50 48.50
M 6 38.50 44.50 52.50 47.50 47.50
M7 46.50 55.50 57.50 60.50 54.50

M il 9.00 5.50 1.50 0.00 0.00
M12 37.00 45.00 43.50 35.00 28.00
M17 42.50 45.50 51.50 53.00 43.50
M18 10.00 7.50 0.00 0.00 0.00
M19 5.00 4.00 0.00 0.00 0.00

CD (0.05) 8.78 7.24 6.67 5.85 5.15
*Mean of two replications



4.3. IN VITRO EVALUATION OF THE ISOLATES

The bacterial isolate M10 and fungal isolates M5, M6, M7 and M17 and 

the actinomycete isolate Ml 2 , which recorded maximum growth in 

50,100,200,400 and 800 ppm concentrations were selected for secondary 

screening studies. The total viable count, residue of chlorpyrifos and release of 

chloride was measured in 100,200,400 and 800 ppm concentrations on 7th, 15th, 

20th, 25Ih and 30th days after inoculation and the data are presented in Tables 12- 

15.

4.3.1. Secondary Screening to Assess the Population Buildup of

Selected Isolates in 100 ppm Concentration of Chlorpyrifos in MSM

On 7th day of inoculation, the maximum colony count of 112.50 x 103 

cfu mTl was recorded with isolate M7 which was statistically on par with M17 

which recorded a colony count of 103 x!03 followed by M6 (92.50xl03 cfu ml'1), 

M5 (72.50 xlO3 cfu ml'1), M10 (9 x 103 cfu ml'1) and M12 (0 X103 cfu ml'1).

Isolate M7 recorded maximum colony count of 119.50 x 103 cfu ml'1 on 

15th day which was significantly superior to all other isolates followed by M l7 

(113 xlO3 cfu ml'1), M6 (102.50xl03 cfu ml'1), M5 (100 xlO3 cfu ml'1), MI0 (12 x 

103 cfu ml'1) and M12 (0 XlO3 cfu ml'1).

On 20th day, the maximum colony count of 125.50 x 103 cfu ml"1 was 

recorded with isolate M7 which was statistically on par with M6 and M l7 which 

recorded a colony count of 124.50x103 cfu ml'1 and 119 xlO3 cfu ml'1 respectively 

followed by M5 (112.50 xlO3 cfu ml"1), M10 (20 x 103 cfu ml'1) and 

M12 (0 X103 cfu ml'1).

After 25 days of inoculation, maximum colony count of 128.50 x 103 cfu 

ml'1 was recorded with isolate M7 which was statistically on par with M17 which 

recorded a colony count of 122.50 xlO3 cfu ml"1 followed by M6 (113.00xl03 cfu 

ml'1), M5 (110 xlO3 cfu ml'1), M10 (14 x 103 cfu ml'1) and M12 (0 X103 cfu ml'1).
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On 30th day of inoculation, maximum colony count of 127.50 x 103 

cfu ml"1 was recorded with isolate M7 which was significantly superior to all 

other isolates followed by Ml 7 (112.50 xlO3 cfu ml"1), M6 (103.00x103 cfu ml'1), 

M5 (72.50 xlO3 cfu ml"1), M10 (9 x 103 cfu ml"1) and M12 (0 XlO3 cfu ml"1).

In 100 ppm concentration, the isolates M7, M17, M6 and M5 showed 

significant growth compared to M10. The actinomycete isolate M12 did not grow 

in 100 ppm concentration.

4.3.2. Secondary Screening to Assess the Population Buildup of 

Selected Isolates in 200 ppm Concentration of Chlorpyrifos in MSM

After 7 days of inoculation, maximum colony count of 123.00 x 103 cfu 

ml"1 was recorded with isolate M17 which was statistically on par with M7 which 

recorded a colony count of 122.50 xlO3 cfu ml"1 followed by 

M5 (112.50 xlO3 cfu ml'1), M6 (103.xl03 cfu ml’1), M10 (12.50 x 103 cfu ml"1) 

and M12 (0 X103 cfu ml"1).

On 15th day, the maximum colony count of 129.50 x 103 cfu ml"1 was 

recorded with isolate M7 which was significantly superior to all other isolates 

followed by M17 (128.00 xlO3 cfu ml"1), M6 (119.50xl03 cfu ml"1), M5 (113.50 

xlO3 cfu ml'1), M10 (14 x 103 cfu ml"1) and M12 (0 X103 cfu ml"1).

Twenty days after inoculation, maximum colony count of 136 x 103 cfu 

ml"1 was recorded with isolate M7 and M17 which was significantly superior to 

all other isolates followed by M6 (128.50.xl03 cfu ml"1), M5 (122.50 xlO3 cfu ml" 

]), M l0(22 x 103 cfu ml'1) and M12 (0 X103 cfu ml"1).

On 25th day, the maximum colony count of 148 x 103 cfu ml"1 was 

recorded with isolate M7 which was significantly superior to all other isolates 

followed by M17 (140 xlO3 cfu ml"1), M6 (125.50.xl03 cfu ml"1), M5 (119 xlO3 

cfu ml"1), M10 (23.50 x 103 cfu ml"1) and M12 (0 X103 cfu ml"1).
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Table 12. Secondary screening to assess the population build up of selected 

isolates in 100 ppm concentration of chlorpyrifos in MSM

Isolates Viable count (cfu xlOJ ml"1) *
7th DAI 15“ DAI 20th DAI 25lh DAI 30th DAI

m 5 72.50 100.00 112.50 110.00 72.50

m 6 92.50 102.50 124.50 113.00 103.00

m 7 112.50 119.50 125.50 128.50 127.50

Mio 9.00 12.00 20.00 14.00 9.00

M12 0 0 0 0 0

M ,7 103.00 113.50 119.00 122.50 112.50

CD(0.05) 13.31 2.74 8.45 13.81 5.78

*Mean of two replications

Table 13. Secondary screening to assess the population build up of selected 

isolates in 200 ppm concentration of chlorpyrifos in MSM

Isolates Viable count (cfu xlO3 ml"1) *
7th DAI 15th DAI 20th DAI 25th DAI 30th DAI

M5 112.50 113.50 122.50 119.00 70.00

m 6 103.00 119.50 128.50 125.50 81.00

m 7 122.50 129.50 136.00 148.00 145.00

Mio 12.50 14.00 22.00 23.50 12.50

M 12 0 0 0 0 0

Mj7 123.00 128.00 136.00 140.00 101.50

CD (0.05) 5.78 1.22 0.99 3.31 1.73

* Mean of two replications



After 30 days of inoculation, maximum colony count of 145 x 103 cfu ml'1 

was recorded with isolate M7 which was significantly superior to all other isolates 

followed by M17 (101.50 xlO3 cfu ml'1), M6 (81xl03 cfu ml'1), M5 (70 xlO3 cfu 

ml'1), M10 (12.50 x 103 cfu ml'1), and M12 (0 X103 cfu ml’1).

In 200 ppm, isolates M7, M l7, M6 and M5 showed maximum significant 

growth compared to M10 and M l2. No viable count was recorded with isolate 

M12.

4.3.3. Secondary Screening to Assess the Population Buildup of

Selected Isolates in 400 ppm Concentration of Chlorpyrifos in

MSM

After 7 days of inoculation, maximum colony count of 147 x 103 cfu 

ml'1 was recorded with isolate M17 which was significantly superior to all other 

isolates followed by M7 (144 xlO3 cfu ml'1), M6 (139xl03 cfu ml'1), 

M5 (128.50 xlO3 cfu ml'1), M10 (23.50 x 103 cfu ml'1) and M12 (0 X103 cfu ml'1).

On 15th day, maximum colony count of 158 x 103 cfu ml'1 was recorded 

with isolate M7 which was significantly superior to all other isolates followed by 

M17 (148 xlO3 cfu ml*1), M6 (146xl03 cfu ml'1), M5 (130 xlO3 cfu ml'1), 

M10 (28 x 103 cfu ml'1 andM12(0X103 cfu ml'1).

After 20 days of inoculation, maximum colony count of 169 x 103 cfu ml'1 

was recorded with isolate M7 which was statistically on par with M l7 which 

recorded a colony count of 168 xlO3 cfu ml'1 followed by M6 (155xl03 cfu ml'1), 

M5 (146 xlO3 cfu ml'1), M10 (32.50 x 103 cfu ml'1), and M12 (0 X103 cfu ml*1).

On 25th day, the maximum colony count of 175 x 103 cfu ml"1 was 

recorded with isolate M7 which was significantly superior to all other isolates 

followed by M17 (172.50 xlO3 cfu ml'1), M6 (151xl03 cfu ml'1), M5 (144 xlO3 

cfu ml'1), M10 (30.50 x 103 cfu ml'1) and M12 (0 X103 cfu ml'1).



After 30 days of inoculation, maximum colony count of 175 x 103 cfu ml' 

1 was recorded with isolate M7 which was significantly superior to all other 

isolates followed by M5 (77.50 xlO3 cfu ml'1), M6 (73xl03 cfu ml'1), M17 (71.50 

xlO3 cfu ml'1), M10 (23.50 x 103 cfu ml'1) and M12 (0 X103 cfu ml'1).

In 400 ppm concentration, isolates M7, M l7, M5 and M6 showed 

maximum significant growth compared to M10 and M I2. No viable count was 

recorded with isolate M l2 .

4.3.4. Secondary screening to Assess the Population Buildup of 

Selected Isolates in 800 ppm Concentration of Chlorpyrifos in 

MSM

On 7th day, the maximum colony count of 48 x 103 cfu ml' 1 was 

recorded with isolate M7 which was significantly superior to all other isolates 

followed by M17 (43 xlO3 cfu ml'1), M6 (39xl03 cfu ml"1), M5 (36 xlO3 cfu ml'1), 

M10 (8 x 103 cfu ml'1) andM12 (0X103 cfu ml'1).

After 15 days of inoculation, maximum colony count of 57 x 103 cfu ml'1 

was recorded with isolate M7 which was significantly superior to all other isolates 

followed by M17 (47.50 xlO3 cfu ml'1), M6 (45.50xl03 cfu ml'1), M5 (41.50 xlO3 

cfu ml'1), M10 (6 x 103 cfu ml'1) and M12 (0 X103 cfu ml'1).

On 20 day, the maximum colony count of 59 x 10 cfu ml was recorded 

with isolate M7 which was significantly superior to all other isolates followed by 

M17 (52.50 xlO3 cfu ml'1), M5 (50 xlO3 cfu ml"1), M6 (49.50xl03 cfu ml'1), 

M10 (14 x 103 cfu ml'1), and M12 (0 X103 cfu ml'1).

After 25 days of inoculation, maximum colony count of 61.50 x 103 cfu 

ml'1 was recorded with isolate M7 which was significantly superior to all other 

isolates followed by M17 (55 xlO3 cfu ml-1), M6 (51.50xl03 cfu ml'1), M5 (48.50 

xlO3 cfu ml'1), M10 (12 x 103 cfu ml"1), and M12 (0 XlO3 cfu ml'1).
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Table 14. Secondary screening to assess the population build up of selected 

isolates in 400 ppm concentration of chlorpyrifos in MSM

Isolates Viable count (cfu xl y  ml'1) *
7th DAI 15th DAI 20lh DAI 25th DAI 30th DAI

m 5 128.50 130.00 146.00 144.00 77.50

m 6 139.00 146.00 155.00 151.00 73.00

m 7 144.00 158.00 169.00 175.00 175.00

M io 23.50 28.00 32.50 30.50 23.50

M12 0 0 0 0 0

M,7 147.00 148.00 168.00 172.50 71.50

CD(0.05) 0.999 3.159 2.913 2.643 2.34

* Mean of two replications

Table 15. Secondary screening to assess the population build up of selected

isolates in 800 ppm concentration of chlorpyrifos in MSM

Isolates Viable count (cfu x lO ^ l '1) *
7th DAI 15th DAI 20* DAI 25th DAI 30th DAI

M5 36.00 41.50 50.00 48.50 49.50

M6 39.00 45.50 49.50 51.50 47.00

M7 48.00 57.00 59.00 61.50 55.00

Mio 8.00 6.00 14.00 12.0 10.00

M12 0 0 0 0 0

M]7 43.00 47.50 52.50 55.0 45.00

CD(0.05) 2.447 1.869 1.730 1.224 1.580

* Mean of two replications



On 30th day, the maximum colony count of 55 x 103 cfu ml"1 was recorded 

with isolate M7 which was significantly superior to all other isolates followed by 

M5 (49.50 xlO3 cfu ml'1), M6 (47 xlO3 cfu ml"1), M17 (45 xlO3 cfu ml'1), 

M10 (10 x 103 cfu ml"1) and M12 (0 XlO3 cfu ml"1).

In 800 ppm concentration, isolates M7, Ml 7, M5 and M6 showed 

maximum significant growth compared to M10 and M12. No viable count was 

recorded with isolate Ml 2.

4.3.5. Degradation of 100 ppm Chlorpyrifos by Selected Isolates at different

Intervals

The efficiency of the isolates to degrade chlorpyrifos was tested by 

analyzing the residue of chlorpyrifos in Mineral salts medium and the results are 

presented in Tables 16-19.

After 7th day of inoculation, least residue of 28.27 ppm was recorded by 

isolate M17 followed M7 (35.030 ppm), M5 (42.29 ppm), M6 (65.01 ppm), M12 

(86.150 ppm) and M10 (89.050 ppm). A residue of 93.00 ppm was observed in 

the control treatment.

Fifteenth day after inoculation, lowest level of residue of 22.450 ppm was 

recorded by isolate M17, followed by M7 (32.295 ppm), M5 (37.100 ppm), M6 

(60.100 ppm), M12 (84.200ppm) and M10 (88.300 ppm). The control treatment 

recorded a residue of 92.40 ppm.

After 20th day of inoculation, least residue of 20.030 ppm was detected in 

culture media with isolate M17, followed by M7 (24.050 ppm), M5 (37.050 ppm), 

M6 (56.205 ppm), M12 (82.300ppm) and M10 (87.150 ppm). The control 

recorded a residue of 91.70 ppm.

On 25th day after inoculation, least residue of 19.00 ppm was detected in 

culture media with isolate M7 followed by Ml 7 (19.400 ppm), M5 (34.050 ppm) 

M6 (48.100 ppm), M12 (80.900ppm) and M10 (82.200 ppm). A residue of 90.80 

ppm was observed in the control treatment.

After 30th day of inoculation, lowest level of residue of 18.150 ppm was 

recorded by isolate M7 followed by M17 (19.00 ppm), M5 (32.100 ppm), M6



Tables 16. Degradation of 100 ppm chlorpyrifos in MSM by selected isolates at different intervals

^Isolates

7 DAI 15 DAI 20 DAS 25 DAI 30 DAI

Residue
of

chlorpy
rifos

(ppm)

%
Reduction

of
chlorpyrif

os

Residue
of

chlorpyrif
os

(ppm)

%
Reduction

of
chlorpyrif

os

Residue
of

chlorpyrif
os

(ppm)

%
Reduction

of
chlorpyrif

os

Residue
of

chlorpyrif
os

(ppm)

%
Reduction

of
chlorpyrif

os

Residue
of

chlorpyrif
os

(ppm)

%
Reduction

of
chlorpyrif

os
Ms 42.29 53.7 37.10 59.7 37.05 59.5 34.05 62.4 32.10 64.2

m 6 65.00 30.1 60.10 34.8 56.21 38.5 48.10 46.9 36.10 59.8

m 7 35.03 62.3 32.30 64.7 24.05 73.7 19.00 79.0 18.15 79.6

Mio 89.05 4.2 88.30 4.1 87.15 4.7 82.20 7.0 83.10 7.6

M12 86.15 7.2 84.20 8.6 82.30 9.9 80.90 9.9 79.45 11.3

M,7 28.27 69.3 22.45 75,2 20.03 78.1 19.40 78.2 19.00 78.9

control 93.00 92.40 91.70 90.80 90.10

CD
(0.05)

0.537 0.838 0.506 3.050 0.638

* Mean value of two replications



(36.100 ppm), M12 (79.450ppm) and M10 (83.100 ppm). Residue of 90.10 ppm 

was detected in the control treatment.

Least residue of chlorpyrifos was recorded by isolates M7, M l7, M5 and 

M6, whereas isolates M10 and M12 recorded maximum residue in 100 ppm 

chlorpyrifos amended media.

4.3.6. Degradation of 200 ppm Chlorpyrifos by Selected Isolates at different 

Intervals

7lh day after inoculation, lowest level of residue of 50.400 ppm was 

recorded by isolate M17 followed by M7 (63.250 ppm), M6 (66.0 ppm), M5 

(130.0 ppm), M10 (193.250) and M12 (196.200 ppm). Control recorded 198.00 

ppm residue.

After 15th day of inoculation, least residue of 44.350 ppm was detected in 

culture media with isolate M17 followed by M7 (47.300 ppm), M6 (60.250 ppm), 

M5 (I04.00ppm), M10 (188.200 ppm) and M12 (192.150 ppm). Control recorded

194.00 ppm residue.

On 20lh day after inoculation, least residue of 36.150 ppm ppm was 

recorded by isolate M7 followed by M17 (40.150), M5 (79.350 ppm), M6 (59.150 

ppm), M10 (188.200 ppm) and M12 (191.400 ppm). A residue of 192.00 ppm was 

observed in-the control treatment.

After 25th day of inoculation, lowest residue level of 30.600 ppm was 

recorded by isolate M17 followed by M7 (32.450 ppm), M5 (50.200 ppm), M6 

(57.200 ppm), M10 (186.200 ppm) and M12 (187.150 ppm). The control 

treatment recorded a residue of 191.00 ppm.

On 30th day after inoculation, least residue of 29.300 ppm was detected in 

isolate M17 followed by M7 (32.10 ppm), M5 (43.00 ppm), M6 (55.10 ppm), 

M10 (183.100 ppm) and M12 (185.20 ppm). A residue of 190.00 ppm was 

observed in the control treatment.

Lowest residue level of chlorpyrifos was recorded by isolates M17, M7, 

M5 and'M6 whereas isolates M10 and M12 recorded maximum residue in 200 

ppm chlorpyrifos.



Table 17. Degradation of 200 ppm chlorpyrifos in MSM by selected isolates at different intervals

^Isolates

7 DAI 15 DAI 20 DAI 25 DAI 30 DAI

Residue
of

chlorpyr
ifos

(PPm)

%
Reductio 
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os

(ppm)

%
Reduction
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chlorpyrif
os
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%
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of
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os
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chlorpyrif
os

(ppm)

%
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of
chlorpyrif

os

Residue
of

chlorpyrif
os

(ppm)

%
Reduction

of
chlorpyrif

os
M5 130.00 34.3 104.00 ' 46.3 79.35 58.4 50.20 73.6 43.00 77.3

m 6 66.00 66.6 60.25 . 68.8 59.15 69.2 57.20 69.9 54.10 71.4

m 7 63.25 67.9 47.30 75.4 36.15 81.0 32.45 82.7 32.10 83.0

Mio 193.25 2.4 188.20 2.8 188.00 2.0 186.20 2.5 183.10 3.5

M12 196.20 0.8 192.15 0.9 191.40 0.3 187.15 1.9 185.20 2.4

M17 50.40 74.3 44.35 76.9 40.15 79.0 30.60 83.9 29.30 84.4 ■

control 198.00 194.00 192.00 191.00 190.00

CD
(0.05)

0.660 0.734 0.748 0.743 0.506

*Mean va ue of two replications

o
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4.3.7. Degradation of 400 ppm Chlorpyrifos by Selected Isolates at different

Intervals

After 7th day of inoculation, lowest level of residue of 137.100 ppm was 

recorded by isolate M5 followed by MI7 (186.350 ppm), M6 (201.00 ppm), M7 

(240.00 ppm), M12 (349.00 ppm) and M10 (354.00 ppm). Control recorded

365.00 ppm residue.

Fifteenth day after of inoculation, least residue of 135.2 ppm was recorded 

by isolate M5 followed by M7 (140.0 ppm), M17 (166.00 ppm), M6 (201.00 

ppm), M12 (341.30 ppm) and M10 (350.35 ppm) and. A residue of 364.00 ppm 

was observed in the control treatment.

After 20th day of inoculation, least residue of 123.00 ppm was detected by 

isolates M6 and M7 followed by M17 (131.40 ppm), M5 (135.10 ppm), M12 

(336.72 ppm) and M10 (344.40 ppm). Control treatment recorded a residue of

363.00 ppm.

After 25th day of inoculation, least residue of 75.150 ppm was recorded by 

isolate M6 followed by M7 (110.00 ppm), M17 (120.40 ppm), M5 (132.10 ppm), 

M12 (325.20 ppm) and M10 (342.45 ppm). A residue of 362.00 ppm was 

observed in the control treatment.

Thirtieth day after inoculation, lowest level of residue of 65.300 ppm was 

recorded isolate M6 followed by M5 (69.250 ppm), M7 (99.250 ppm), M17 

(110.25 ppm), M10 (336.20 ppm) and M12 (391.40 ppm). A residue of 361.00 

ppm was observed in the control treatment.

Least residue of chlorpyrifos was detected by isolates M6, M5, M7 and 

M17, whereas isolates M10 and M12 recorded maximum residue in 400 ppm 

chlorpyrifos.

4.3.8. Degradation of 800 ppm Chlorpyrifos by Selected Isolates at different

Intervals

After 7th day after inoculation, lowest level of residue 279.20 ppm was 

recorded isolate M17 followed by M6 (284.15 ppm), M5 (293.10 ppm),



Tables 18. Degradation of 400 ppm chloipyrifos in MSM by selected isolates at different intervals

isolates

7 DAI 15 DAI 20 DAI 25 DAI 30 DAI

Residue
of

chlorpyr
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os

Residue
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chlorpyrif
os

(ppm)

%
Reduction
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chlorpyrif

os
M5 137.10 62.4 135.20 62.9 135.10 62,8 132.10 63.5 69.25 80.8

Me 201.00 44.9 201.00 44.7 123.00 66.1 75.15 79.1 65.30 81.9

m 7 240.00 34.2 140.00 61.5 123.00 66.1 110.00 69.6 99.25 72.5

Mio 354.00 3.0 350.35 3.6 344.40 5.0 342.45 5.3 336.20 6.8

M12 349.00 4.3 341.30 6.15 336.35 7.2 325.20 0.1 391.40 14.4

m 17 186.35 49.0 166.00 54.3 131.40 63.6 120.40 66.6 110.25 69.5

control 365.00 364.00 363.00 362.00 361.00

CD
(0.05)

0.460 0.635 0.850 0.834 0.827

* Mean value of two replications



M7 (296.20 ppm), M12 (726.20 ppm) and M10 (730.25 ppm). Control treatment 

recorded a residue of 741.40 ppm.

On 15th day, after inoculation, lowest level of residue of 274.05 ppm was 

detected in M l7 followed by isolate M6 (279.10 ppm), M7 (283.15 ppm), M5 

(287.30 ppm), M12 (719.40 ppm) and M10 (729.10 ppm). Control treatment 

recorded a residue of 740.20 ppm.

After 20th day of inoculation, least residue of 272.35 ppm was recorded by 

M l7 followed by M6 (273.10 ppm), M7 (280.45 ppm), M5 (284.25 ppm), M l2 

(712.45ppm) and M10 (724.45 ppm). Control treatment recorded a residue of 

737.40 ppm.

After 25th day of inoculation, lowest residue of 269.00 ppm was detected 

in M17 followed by M6 (273.00 ppm), M7 (278.20 ppm), M5 (282.30 ppm), M12 

(708.20 ppm) and M10 (716.35 ppm). Control treatment recorded a residue of 

729.60 ppm.

Thirtieth day after inoculation, least residue of 265.10 ppm was recorded 

by M l7 followed by M6 (270.20 ppm), M7 (276.45 ppm), M5 (279.00 ppm), 

M12 (698.80 ppm) and M10 (702.20 ppm).Control treatment recorded a residue 

of 724.30 ppm.

Lowest level of residue of chlorpyrifos was detected by isolates M l7, M6, 

M7 and M5 whereas isolates M10 and M12 recorded maximum residue in 800 

ppm chlorpyrifos.

4.3.9. Release of Chloride in to the Medium by Selected Isolates at Different 

Concentrations o f Chlorpyrifos in MSM

The efficiency of the isolates to release chloride in to the medium was also 

analyzed. The chloride released into the MSM in 100, 200, 400 and 800 ppm 

concentrations on 7th, 15th, 20th, 25th and 30th day after inoculation was not 

statistically significant (Table 20-23).



Tables 19. Degradation of 800 ppm chlorpyrifos in MSM by selected isolates at different intervals

*Isolates

7 DAI 15 DAI 20 DAI 25 DAI 30 DAI

Residue
of

chloipy
rifos

(ppm)

%
Reduction

of
chlorpyrif

os

Residue
of

chloipyrif
os

(ppm)

%
Reduction

of
chlorpyrif

os

Residue
of

chlorpyrif
os

(ppm)

%
Reduction

of
chlorpyrif

os

Residue
of

chlorpyrif
os

(ppm)

%
Reduction

of
chlorpyrif

os

Residue
of

chlorpyrif
os

(ppm)

%
Reduction

of
chlorpyrif

os
m 5 293.10 60.4 287.30 61.2 284.25 61.5 282.30 61.3 279.00 61.0

m 6 284.15 61.6 279.10 62.3 273.10 62.9 273.00 62.7 270.20 62.0

m 7 296.20 60.0 283.15 61.7 280.45 62.0 278.20 61.8 276.45 61.8

Mio 730.25 1.5 729.10 1.48 724.45 1.78 716.35 1.76 702.20 ' 3.03

M ,2 726.20 2.0 719.40 2.75 712.45 3.4 708.20 2.9 698.80 3.5

M17 279.20 62.3 274.05 62.9 272.35 63.1 269.00 63.1 265.10 63.0

control 741.40 740.20 737.40 729.60 724.30

CD
(0-05)

0.586 0.687 0.740 1.437 0.610

* Mean value of two replications



Table 20. Release of chloride by selected isolates in 100 ppm concentration of

chlorpyrifos in MSM

Chloride release (mg l '1) *

Isolates 7th DAI 15th DAI 20th DAI 25Ih DAI 30th DAI

M5 0.124 0.149 0.199 0.224 0.099

m 6 0.124 0.149 0.199 0.224 0.099

m 7 0.099 0.199 0.224 0.249 0.149

M io 0.024 0.024 0.049 0.049 0.049

M\2 0.024 0,024 0.099 0.049 0.049

M17 0.099 0.199 0.199 0.224 0.149

Control 0 0 0 0 0

CD(0.05) NS NS NS NS NS

* Mean of two replications

Table 21. Release of chloride by selected isolates in 200 ppm concentration of 

chlorpyrifos in MSM

Chloride release (mg l"1) *

Isolates 7th DAI 15th DAI 20lh DAI 25th DAI 3 0th DAI

M5 0.049 0.149 0.274 0.299 0.149

M6 0.049 0.249 0.274 0.299 0.199

m 7 0.099 0.124 0.274 0.349 0.149

M io 0.049 0.049 0.074 0.049 0.099

M 12 0.049 0.049 0.049 0.049 0.049
Mi7 0.149 0.249 0.274 0.299 0.199

Control 0 0 0 0 0

CD (0.05) NS NS NS NS NS

* Mean of two replications



Table 22. Release of chloride by selected isolates in 400 ppm concentration of

chlorpyrifos in MSM

Chloride release (mg l '1) *

Isolates 7th DAI 15th DAI 20'" DAI 25th DAI 301" DAI

Ms 0.099 0.274 0.499 0.449 0.174

m 6 0.099 0.299 0.349 0.373 0.124

m 7 0.224 0.249 0.249 1.290 0.074

M io 0.049 0.024 0.099 0.099 0.024

M12 0.049 0.049 0.024 0.049 0.024

M,7 0.074 0.373 0.398 0.39 0.124

Control 0 0 0 0 0

CD(0.05) NS NS NS NS NS

* Mean of two replications

Table 23. Release of chloride by selected isolates in 800 ppm concentration of 

chlorpyrifos in MSM

Chloride release (mg 1"‘) *

Isolates 7th DAI 15th DAI 20th DAI 25m DAI 30th DAI

M5 0.099 0.224 0.249 0.249 0.149

M6 0.099 0.099 0.249 0.249 0.149

m 7 0.249 0.249 0.249 0.298 0.249

M io 0.099 0.049 0.099 0.049 0.074

M 12 0.049 0.049 0.099 0.049 0.049

M i7 0.099 0.199 0.199 0.249 0.199

Control . 0 0 0 0 0

CD(0.05) NS NS NS NS NS

* Mean of two replications



4.4 CHARACTERIZATION OF ISOLATES

After secondary screening, isolates M5, M6, M7 and Ml 7 which recorded 

maximum population build up and chlorpyrifos degradation were selected for 

characterization studies.

4.4.1. Morphological Characterization of the Isolates

The morphological characteristics comprising colony colour, texture and 

appearance of selected isolates was studied and data are presented in Table -24 

and Plate 2.

4.4.2. Molecular Characterization of the Isolates

The molecular characterization of the selected fungal isolates was done in 

collaboration with Rajiv Gandhi Centre for Biotechnology, Trivandrum. The 

genomic DNA was extracted from the four selected fungal isolates namely M5, 

M6, M7 and Ml 7. The agarose gel electrophoresis (0.8%) of the extracted 

genomic DNA showed presence of good quality, unshared DNA bands on the gel. 

(Plate 3)

4.4.2.1. rD N A  A m p lific a tio n

The 18S rRNA universal primers were used for amplification of the 

genomic DNA of fungal isolates. The amplicons of size between 1 KB and 1.5 

KB were observed (Plate 4);

4.4.2.2. S e q u e n c in g  o f  1 8 S r  D N A  F ra g m en t

The rDNA regions of the isolates were sequenced for the identification 

and molecular characterization and for studying the variability of the isolates. 

Sequencing was done by using the Big-Dye Terminator v3.1 Cycle sequencing 

Kit. The sequence quality was checked using Sequence scanner Software vl 

(Applied Biosystems). Sequence alignment and editing of the obtained sequences 

were carried out using Geneious Pro v5.1. Sequencing of four isolates of the



Plate 2. Morphological characters o f selected fungal isolates



T a b le  24 . M o rp h o lo g ic a l  c h a ra c te r is t ic s  o f  s e le c te d  fu n g a l iso la te s

Colony colour Conidial

Isolates Type o f growth Upper side Lower side characters

M5

White flat cottony 

slow growth 

7cm (dia) in 14 days

Pure white Pale Lemon shaped, 

transparent

M6 Powdery appearance Blue green Pale yellowish 

grey

Globose and 

green colour

M7 Green flat growth Green to 

dark green

Pale Globose, light 

green colour

M17 Rapid growing, flat and 

velvety, woolly or cottony 

in texture

Initially 

white and 

become 

blue green 

or grey 

green

Pale to 

yellowish

Flask shaped, 

green colour



Plate 3. Extracted D N A

3  K B  

1 -5  K B  

1 K B

5 0 0  b p

l O O b p

Plate 4. PCR products



microorganisms was done using universal primers of rDNA (18 SrRNA). The 

sequences obtained for different isolates were as follows:

>M5-18S
TTATACAGCGAAACTGCGAATGGCTCATTATATAAGTTATCGTT

TATTTGATAGTACCTTACTACTTGGATAACCGTGGTAATTCTAGAGCTA

ATACATGCTGAAAATCCCGACTTCGGAAGGGAGGTATTTATTAGATTA

AAAACCAATGCCCTCTGGGCTCCTTGGTGATTCATGATAACTGTTCGA

ATCGCACGGCCTTGCGCCGGCGATGGTTCATTCAAATTTCTTCCCTATC

AACTTTCGATGTTTGGGTATTGGCCAAACATGGTCGCAACGGGTAACG

GAGGGTTAGGGCTCGACCCCGGAGAAGGAGCCTGAGAAACGGCTACT

ACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGATTCG

GGGAGGTAGTGACAATAAATACTGATACAGGGCTCTTTTGGGTCTTGT

AATTGGAATGAGTACAATTTAAATCTCTTAACGAGGAACAATTGGAGG

GCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTAT

ATTAAAGTTGTTGTGGTTAAAAAGCTCGTAGTTGAACCTTGGGCCTGG

CTGGCCGGTCCGCCTCACCGCGTGTACTGGTCCGGCCGGGCCTTTCCCT

CTGTGGAACCTCATGCCCTTCACTGGGTGTGGCGGGGAAACAGGACTT

TTACTTTGAAAAAATTAGAGTGCTCCAGGCAGGCCTATGCTCGAATAC

ATTAGCATGGAATAATAAAATAGGACGCGTGGTTCTATTTTGTTGGTTT

CTAGGACCGCCGTAATGATTAATAGGGACAGTCGGGGGCATCAGTATT

CAATTGTCAGAGGTGAAATTCTTAGATTTATTGAAGACTAACTACTGC

GAAAGCATTTGCCAAGGATGTTTTCATTAATCAGGAACGAAAGTTAGG

GGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGC

CGACTAGGGATCGGACGATGTTATTTTTTGACGCGTTCGGCACCTTAC
GAGAAATCAAAGTGCTT

>M6-18S

GGCTCATTAAATCAGTTATCGTTTATTTGATAGTACCTTACTACA

TGGATACCTGTGGTAATTCTAGAGCTAATACATGCTAAAAACCTCGAC

TTCGGAAGGGGTGTATTTATTAGATAAAAAACCAATGCCCTTCGGGGC



1 3

TCCTTGGTGAATCATAATAACTTAACGAATCGCATGGCCTTGCGCCGG

CGATGGTTCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAG

TGGCCTACCATGGTGGCAACGGGTAACGGGGAATTAGGGTTCGATTCC

GGAGAGGGAGCCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAG

GCGCGCAAATTACCCAATCCCGACACGGGGAGGTAGTGACAATAAAT

ACTGATACGGGGCTCTTTTGGGTCTCGTAATTGGAATGAGTACAATCT

AAATCCCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAG

CCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGTTGTTGCAGTTA

AAAAGCTCGTAGTTGAACCTTGGGTCTGGCTGGCCGGTCCGCCTCACC

GCGAGTACTGGTCCGGCTGGACCTTTCCTTCTGGGGAACCTCATGGCC

TrCACTGGCTGTGGGGGGAACCAGGACTTTTACTGTGAAAAAATTAGA

GTGTTCAAAGCAGGCCTTTGCTCGAATACATTAGCATGGAATAATAGA

ATAGGACGTGCGGTTCTATTTTGTTGGTTTCTAGGACCGCCGTAATGAT

TAATAGGGATAGTCGGGGGCGTCAGTATTCAGCTGTCAGAGGTGAAAT

TCTTGGATTTGCTGAAGACTAACTACTGCGAAAGCATTCGCCAAGGAT

GTTTTCATTAATCAGGGAACGAAAGTTAGGGGATCGAAGACGATCAG

ATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAGGGATCGGGCG

GTGTTTCTATGATGACCCGCTCGGCACCTTACGAGAAATCAAAGTTTTT

GGGTTCTGGGGGGAGTATGGTCGCAAGGCTGAAACTTAAAGAAATTG

ACGGAAGGGCACCACAAGGCGTGGAGCCTGCGGCTTAATTTGACTCA

ACACGGGGAAACTCACCAGGTCCAGACAAAATAAGGATTGACAGATT

GAGAGCTCTTTCTTGATCTTTTGGATGGTGGTGCATGGCCGTTCTTAGT

TGGTGGAGTGATTTGTCTGCTTAATTGCGATAACGAACGAGACCTCGG

CCCTTAAATAGCCCGGTCCGCATTTGCGGGCCGCTGGCTTCTTAGGGG

GACTATCGGCTCAAGCCGATGGAAGTGCGCGGCAATAACAGGTCTGT

GATGCCCTTAGATGTTCTGGGCCGCACGCGCGCTACACTGACAGGGCC

AGCGAGTACATCACCTTGGCCGAGAGGTCTGGGTAATCTTGTTAAACC

CTGTCGTGCTGGGGATAGAGCATTGCAATTATTGCTCTTCAACGAGGA

ATGCCTAGTAGGCACGAGTCATCAGCTCGTGCCGATTACGTCCCTGCC

CTTTGTACACACCGCCCGTCGCTACTACCGATTGAATGGCTCGGTGAG
GCCTTCGGACTGGCTCAGGGGAGT



>M7-18S

TAAGCAATTATACCGCGAAACTGCGAATGGCTCATTATATAAGT

TATCGTTTATTTGATAATACTTTACTACTTGGATAACCGTGGTAATTCT

AGAGCTAATACATGCTAAAAATCCCGACTTCGGAAGGGTTGTATTTAT

TAGATTAAAAACCAATGCCCCTCGGGGCTCTCTGGTGAATCATGATAA

CTAGTCGAATCGACAGGCCTTGTGCCGGCGATGGCTCATTCAAATTTC

TTCCCTATCAACTTTCGATGTTTGGGTCTTGTCCAAACATGGTGGCAAC

GGGTAACGGAGGGTTAGGGCTCGACCCCGGAGAAGGAGCCTGAGAAA

CGGCTACTACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATC

CCGACACGGGGAGGTAGTGACAATAAATACTGATACAGGGCTCTTTTG

GGTCTTGTAATCGGAATGAGTACAATTTAAATCCCTTAACGAGGAACA

ATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAA

TAGCGTATATTAAAGTTGTTGTGGTTAAAAAGCTCGTAGTTGAACCTT

GGGCCTGGCTGGCCGGTCCGCCTCACCGCGTGCACTGGTCCGGCCGGG

CCTTTCCCTCTGCGGAACCCCATGCCCTTCACTGGGTGTGGCGGGGAA

ACAGGACTTTTACTTTGAAAAAATTAGAGTGCTCAAGGCAGGCCTATG

CTCGAATACATTAGCATGGAATAATAGAATAGGACGTGTGGTTCTATT

TTGTTGGTTTCTAGGACCGCCGTAATGATTAATAGGGACAGTCGGGGG

CATCAGTATTCAATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACT

AACTACTGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAGGAACG

AAAGTTAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCAT

AAACTATGCCGACTAGGGATCGGACGATGTTACATTTTTGACGCGTTC

GGCACCTTACGAGAAATCAAAGTG

>M17-18S

CACTTTATACTGTGAAACTGCGAATGGCTCATTAAATCAGTTAT

CGTTTATTTGATAGTACCTTACTACATGGATACCTGTGGTAATTCTAGA

GCTAATACATGCTACAAACCCCGACTTCAGGAAGGGGTGTATTTATTA

GATAAAAAACCAACGCCCTTCGGGGCTCCTTGGTGAATCATAATAACT

TAACGAATCGCATGGCCTTGCGCCGGCGATGGTTCATTCAAATTTCTG

CCCTATCAACTTTCGATGGTAGGATAGTGGCCTACCATGGTGGCAACG



GGTAACGGGGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAAC

GGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCC

CGATACGGGGAGGTAGTGACAATAAATACTGATACGGGGCTCTTTCGG

GTCTCGTAATTGGAATGAGAACAATTTAAATCCCTTAACGAGGAACAA

TTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAAT

AGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAACCTTG

GGCCTGGCTGGCCGGTCCGCCTCACCGCGAGTACTGGTCCGGCTGGGC

CTTTCCTTCTGGGGAACCTCATGGCCTTCACTGGCTGTGGGGGGAACC

AGGACTTTTACTGTGAAAAAATTAGAGTGTTCAAAGCAGGCCTTTGCT

CGAATACATTAGCATGGAATAATAGAATAGGACGTGCGGTTCTATTTT

GTTGGTTTCTAGGACCGCCGTAATGATTAATAGGGATAGTCGGGGGCG

TCAGTATTCAGCTGTCAGAGGTGAAATTCTTGGATTTGCTGAAGACTA

ACTACTGCGAAAGCATTCGCCAAGGATGTTTTCATTAATCAGGGAACG

AAAGTTAGGGGATCGAAGACGATCAGATACCGTCGTAGTCTTAACCAT

AAACTATGCCGACTAGGGATCGGACGGGATTCTATGATGACCCGTTCG
GCACCTTACGAGAAATCAAAGTTTTTG

4.4.23. S eq u en ce  A n a ly s is

The sequences obtained were analyzed using bioinformatic tool viz. 

BLASTN and tBLASTx i.e., nucleotide query is used to search in amino acid 

database. The results of isolates are given in M5 (Plate 5a, b), M6 (Plate 6a, b), 

M7 (Plate 7a, b) and M17 (Plate 8a, b) and (Table 25). From the results, isolate 

M5 showed 100 per cent identity with Isaria farinosa and Beauveria bassiana. 

M6 is 100 per cent identical with Aspergillus fumigates. M7 showed 100 per cent 

identity with Trichoderma viride and Hypocrea sidphnrea. M l7 showed 100 per 

cent identity with Penicillium griseofulvum.

Data based on tBLASTx homology search showed that the isolate belong 

is given in M5 (Plate 5c, d), M6 (Plate 6c, d), M7 (Plate 7c, d), (Plate 8c, d) and 

(Table 26). From the result of tBLASTx M5 showed 100 per cent identity with 

Isaria farinosa and Beauveria bassiana. M6 is 100 per cent identical with 

Aspergillus fumigates. M7 showed 100 per cent identity with Hypomyces



Basic Local Alignment Search Tool
NCBI/ BL4ST7 blastn suite/ Formatting Results ■ RPYPKBT401R 

Dg*nk>ad

Nucleotide Sequence (1023 letters)

RID RPYPK8T401R (ExDlres o n  05*21 23:S4 D m )

Q uery ID ld|24437S D atabase Name nr
Description None Description Nucleotide coDection (nt)

Molecule type nudelcsdd Program BLASTN 2.2.29 +
Query Length 1023

Distribution of 101 Blast Hits on the Query Sequence

Plate 5 a. 18Sr DNA sequence analysis of M5 using BLASTN (1023 bp)



Dfisalptions
Se q u en ces producing sig n ifican t alignm ents:

• Description Max
score

| Total 
1 score

Query 
! cove-

t E
' value

Ident Accession

bcrio fcsrinosa strain SIX) 28S-18SrRNA 
tmofgenic spacer, panel sequence; ie s  
ribosomal RNAgene.intemal Tanscribed 
spacer 1,5 8S ribosomal RNAgene, and 
intemd transcribed sparer 2, complete 
sequence; and 26S riboscmal RNAgene, 
porbol sequence

1679 1679 100% 00 99% KCt3MZ8A

Fingalsp 1787 IBS ritvrsnmnl RNAgftrw, 
po-tial sequence 1879 1679 1001® 00 99% KC242721.1

Beouverie bassiano strain CY7516S 
ribusuniel RNAyui»,puilul sequence, 
htemal transcribed spacer 1.5.8S riboscmal 
RNAgctw, and internal Tanscribed spacer 2, 
complete sequence; and 289 ribosome! RNA 
gene, portal sequence

1679 1679 100% 00 99% HQ2 59053.1

Ueatnerta basstana stremOCSKtOtt 18b 
litxTMimal RNAoftrw.partalsaqiBm.nn 1870 1870 100% 0.0 00% JOOQ9977.1

Beoirama sp  419_12 3S ribosomd RNA 
gone, partial sequence 1670 1679 10016 00 99% JQ9777C3.1

Boouveria bassiana Ho'ate 1577 18S 
ribosomal RNAgene, partal sequence 1679 1679 100% 00 99% JQ861945.1

Beouwria bassians iso'ete 1570 16S 
ribosomel RNAgene, partal sequense

1679 1879 100% 00 99% JQ361944.1

Beamena Dassiana stain  IHfcJ.Ubba 185 
riivwimflJ RNAgorw. port at saqiumsa 1679 ie79 100% 00 99% •1*707220.1

hsrin tvinosa strain STHS IAS ririnsnmal 
RNAgene, partial sequence; interro! 
Su'isoibudspacer t,5.6Siibusuim»lRNA 
gene, end internal trariser#)ed spacer 2. 
complete sequence; and 23S ribosomal RNA 
gene, portal sequence

1679 1679 (00% 00 99% JP429899.1

beria (arinosa strain 5TIII 20S-10S(RNA 
mtergenre spacer, partial sequence; 185 
ribosomal RNAgene, complex sequence: 
putstve tieming endonuclease gene, 
cwnpletucds, internal lrut»ciiu«l spacer 1, 
58S ribosomal RNAgene, end interne: 
transcribed spacer 2, complete sequence; end 
205 ribosomal RT4A gene, partial sequence

1679 1879 100% 00 99% JE42JS3L1

Deouverio bassiano strain GTD 20S-I0S rRNA 
ttitergenlcspacer.pattiar sequence; and 16$ 
ribosomal RNAgene, internal Tanscribed 
spacer1,56Sribosomal RNAgene.intemal 
tu  isoibed spacer 2, and 26S libuswnul RNA 
gene, complete sequence

1679 1879 100% 00 99% JF429B34.1

Beeuveria bassiano iso ate D4C6.E1654016S 
ribosomal RNAgerw.partalsequence; 
internal transcribed spocer 1,5.68 riboscmal 
RNAgene, end internal inscribed  spacer2, 
complete sequence: end 285 ribosomal RNA 
gene, partial sequence

1679 1879
L

ion% no 99% 51334679.1

Beouverio bassiano iso'oto DAu0f.1195005 168 
ribosomal RNAgene, partal sequence; 
internal transcribed spacer 1.5.6S riboscmal 
RNAgene, and internal Tonscribed spacer 2, 
com pie to sequence; and 28S ribosomal RNA

1679 1679 100% 00 99% 51334677.1

gene, partial sequence

Plate 5 b. 18 Sr DNA sequence analysis of M5 using BLASTN (1023 bp)



N2BV BL&ST7 Itfastx/ Formatting Results • RR5BHS9A01R 
Fcrmattina cotions 
Offyirioad

B ast report flatcnctlen

Basic Local Alignment Search Tool

Nucleotide S equence  (1023 le tters)

RID KK5BHS9A01R (Expires on 05-22 01:48 am)
q u ery  ID Irf| lrt?077 

Description None 
Molecule type niirtelcarJI 
Query Length 1023

Database Name nr
Description Nudeotido collection (nt) 

Program TRI ASTX2.2.70+

Graphic Summary

Distribution of 1720 Blast Hits on the Query Sequence

Color key for alignment scores

1 2 0 0  4 0 0  6 0 0  6 0 0  1 0 0 0

Plate 5 c. 18 Sr DNA sequence analysis of M5 using tBLASTx (1023 bp)



Descriptions
Sequences producing elgniteant aJgrm entBi

Description Max
| score

Total
score

Query 
| cover

f E
1 value

N j< Accession

is eriafarinoso stain STH1 28S-13SrRWA 
intergenic spacer, portal sequence; 16S 
rawsornolRNAoene. compfeta sequenco'.putativo 
honing enconudeaso gene, compttte cds; 
iiilirticilVwtuilwJspeetri I.EJ1StiboswnalRHA 
geie, end internal fronscrioed spacer 2. complete 
sequence; end 28S ribos enrol RNAgene, partial 
ooqucr.cc

385 A142 iocs* 0.0 Surnn3 jszm sj.

Beoineria boss tana strain STB 28S-18S rRNA 
mtftfgsrnifi.spacer.panal snqi rerun;and 1HS 
rtbssomal RNAgene. Internal ffarsclbed spacer 
1.S-BSnbosomal RNAgene. interna transcribed 
spacer 2, ami 2flS lilnrsumal RNAuene, wniultsU) 
sequence

395 4142 lOOlo 0.0 Sumn3 JE42MS4J

beria futnosa strain STH3 28S-13S rRNA 
inlorgonio spacer, portal coquoneo; 18S 
rtwsomal RNAgeno, internal trarscribed spacer 
1, .*> HK nmsomai HNAgane. end mterol 
transcribed spacer 2. complete socuenc®'. and 
2a5mosorn3l RNAgene. uaital sequence

395 £147 1W14. on SumaT KC610278-1

BebLntliuU&siistsbdsteDACtiE 10540 13S 
ribJSomal RNAgeoe.po-fcal sequence; intemd 
transcribed spacer 1, SXSrbosomd RNAgene, 
oni intemol trsnscribec spacer 2, co r piste 
sequencer, and 28S riboscmal RNAgene. partial 
SAquertna

395 4142 too-. 0.0 Sumn3 EW348ZP.1

Beeuverta trassiana bclaB ARSEF2591 18S 
ru>3somolRNA39ne.paTJa)seqtence;lntsmaJ 
(re t$ail»J spacer 1.35S iibusuuud RNAywnu, 
orpj inlemol tenscribed spacer 2, complete 
sequence; end 28S n bos enrol RNAgcno, partial 
sequence

295 1 a 142 lGC"b OX 8umn3 P034SII.!

Beatneno bassiona bdsto  IHRS-CFL 185 
nfwsftmai NNAparwi, pn-nrt soqr*rr»; minmni 
bmsoibod spacer 1.5BS nbosomd RNAgene. 
end internal trenscribec spacer 2. complete 
saquuncu. and 28S libosurnal RNAueiv. partial 
sequence

395 A142 rOOS 0.0 SumnJ nOA4«74 t

Baouverio bassiona fcdoto OAOfJl 05005138 
rfbosonral RNAgene, partial sequence; internal 
transcribed spacer 1 ,58S nbosomd RNAgene, 
and inJsrml rturscnbec. spacer 7, nrrrJete 
sequence; eno 28S rtbosomal RNAgene. partial 
sequence

3ffi A147 ififWi nn Sum rtf BflSABZLl

Ccrdyceps bosstene genes for 1£S rRNA, putative 
homing endorerdeose, ITS1, 5£$ rRNA, HS2,28S 
rRNA, pciiol ond comp cto soqucnce

3% A142 IOCS ox Somn3 AB2 37857,1

Cord)ceps bosstens gores for 1ES rRNAITSI, 
SXSrRNA rrsz 28S rRNA part d and complete 
SAqirencns

395 4142 1004* ox Sumn3 A8079126.1

Beevnena bassiena strain CYT5185 ntcsomal 
RNAgere. paraolsequance: intermi transcribed 
spaced , SXSnbosomo' RNAgene, end internal 
transcribed spacer 2. complete secuerr>ce;arvd 
285rfrosem3l RNAgpnc, portal soqucnco

385 A142 ‘.00*. ox Ournrtf HQ2S9Q59.1

Ccrd>ceps bassiana genes for 1ESrRNA,rTS1, 
S£S rRNA. I7S2,28S rRNA, stra n- BCMJ BB01 395 4142 100%. ox Sumn3 AR07«5f)9 1

KAnataimosAStmn.SIK.1 IHSnhnscnisINNA

Plate 5 d. 18Sr DNA sequence analysis of M5 using tBLASTx (1023 bp)
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B L A S T ®

NCBI BfeniNuUwlK-'eSevuwwx (160! kritets)

Basic Local Alignment Search Tool
NCBI/ BLAST/ Mastn suae/ Formatting Results • RROSPA3801R 

Fornattna ottficre 
Download
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Nucleotide Sequence (1601 letters)
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Graphic Sum m ary
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1 300 600 900 1200 1300

Plate 6 a. 18Sr DNA sequence analysis of M6 using BLASTN (1601 bp)



Descriptions
Seq uen ces producing sig n ifican t alignm ents:

Description Max | Total Query E | Ident Accession
score score cover value |

Aspergilus lumtgatus strainUPSC2Q06 IBS 
rtboscmaJ RHAgene. pa la l sequence 
>gb|Af54B063.1| Aspergilus bmlgatus strain 
All 57 IBS rtbosomal RNAgene,partial 
sequence

2957 2957 100% 00 100% AR4806M

Aspergilus bmigatus strain UPSC1771 IBS 
rtbosomal RNAgene, partial sequence 2957 2957 100% 09 100% AF548061.1

Aspergilus bmigatus gene b r IBS rRNA 
partW sequence 2957 2957 100% 09 100% A5S0840U

Aspergilus bmigatus small subunit 
rtbosomal RNA 2957 2957 100% 09 100% H60300.1

Aspergilus bmigatus small subunit 
rtbosomal RHA 2357 2957 100% 09 100% M5S626.1

Aspergilus bmigatus slam  MW£ 18S 
rtbosomal RNAgene. complete sequence 2950 2950 100% 09 99% WttflflfiKI 1

Neosartorya tsdiert 1BS smaD subunit rRNA 
gene 2950 2950 100% 09 99% U21299.1

tepergaus bmigatus strain SK1 IBS 
rtbosomal RNAgene. partial sequence 
>gb[KF90S648.1| Aspergillus fumigatus strain 
KBGE-tB33 IBS rtbosomal RNAgene.partial 
sequence; mitochondrial

2946 2946 100% 09 99% J 0565711.1

Aspergilus bmigatus strain FS160 IBS 
rtbosomal RNAgene. partial sequence 2946 2946 100% 09 99% FJ840480,1

Aspergilus sp. FEB gene lor 18S rRNA 2946 2946 100% 09 99% AB179824-1
Aspergillus davatus gene b r IBS rRNA partial 
sequence 2940 2940 100% 09 99% A8008336.1

Aspergilus bmigalus strain Ml IBS 
rbosomal RNAgene. partal sequence 2935 2935 100% 09 99% HF3221M.1

Aspergilus sojae strain JTOA118S rtbosomal 
RNAgene, partial sequence 2926 2926 99% 09 99% KF175513.1

Aspergilus sp. MW+16 IBS rtbosomal RNA 
gene, compete sequence 2926 2926 99% 09 99% HMM0W.1

Aspergilus oryzae strain SENCC-3248 IBS 
rtbosomal RNAgene. partial sequence 2926 2926 99% 09 99% MJQ64ML1

Aspergilus Bavus strain TZ1985 IBS 
rtbosomal RNAgene, partial sequence 2926 292S 99% 09 99% rara 5.82101

Aspergilus law s strati UPSC 1768 18S 
rbosomal RNAgene. partbl sequence 2926 2926 99% 09 99% AB48QSQ.1

Aspergilus oryzae RB40 ONA rDNA_bl3 2926 2926 99% 09 99% fieg0I3Z3.1
Aspergilus cryzae RB40 DNASC206 2926 2926 99% 09 99% APM7173.1
Aspergilus parasllcus ONA tor IBS rRNA. 
partal sequence 2926 2926 99% 09 99% D63699.1

Aspergilus sojae DNAbr IBSiRNA partial 
sequence 2926 2926 99% 09 99% D63700.1

Aspergilus law s ONAbr IBS rRNA, partial 
sequence 2926 2926 99% 09 99% 063696.1

Aspergilus cryzae DNAbr IBS rRNA partial 
sequence 2926 2926 99% 09 99% DS369B.1

Aspergilus davatos gene b r  18S iRNA partial 2924 2924 100% 09 99% A8C02070.1

Plate 6 b. 18SrDNA sequence analysis of M6 using BLASTN (1601 bp)



NCBI/ BLAST/ tbiastx/ Formatting Results-RR4RNRTY01R
Formatting potions 
Download

Basic Local Alignment Search Tool

Nucleotide Sequence (1601 letters)
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Graphic Summary

Distribution of 200 Blast Hits on the Query Sequence

Color Key for alignment scores

Q u e r y

1200 1 500

Plate 6 c. !8Sr DNA sequence analysis of M6 by using tBLASTx (1601 bp)



Descriptions
Sequences producing significant alignments:

Description Max
score

Total
score

Query 
| cover

E
value

N Accession

Aspergillus 
fumigatus strain 
S181318S 
ribosomal RNA 
gene, partial 
sequence

863 6518 94% 0.0 Sumn2 HQ3Zi893.t

Aspergillus 
fumigatus strain 
YA-1418S 
ribosomal RNA 
gene, partial 
sequence

883 6522 94% 0.0 Sumn2 FJ580718.1

Aspergillus 
fUmigatus strain 
UPSC20C6 16S 
ribosomal RNA 
gene, partial 
sequence 
>gb|AF548063.1[ 
Aspergillus 
fumigatus strain 
ALI57 18S 
ribosomal RNA 
gene, partial 
sequence

863 6944 100% 0.0 Sumn2 AF54B062.1

Aspergillus 
fumigatus strain 
UPSC1771 185 
ribosomal RNA 
gene, partial 
sequence

863 6944 100% 0.0 Sumn2 AF548061.1

Aspergillus sp.FE8 
gene for 18S 
rRNA

863 6925 100% 00 Sumn2 AB179824.1

Aspergillus 
fumigatus gene for 
185 rRNA partial 
sequence

863 6944 100% 0.0 Sumn2 ABPP8401,1.

Aspergillus 
davaSis gene for 
18S rRNA partial 
sequence

863 6912 100% 0.0 Sumn2 ABQQ8398.1

Aspergillus 
fumigatus small 
subunit ribosomal 
RNA

863 6944 100% 0.0 Sumn2 M603OO.1

Plate 6 d. 18Sr DNA sequence analysis of M6 using tBLASTx (1601 bp)
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Download
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RZD RRO F5S67Q1R fExpIrec cn 05-22  0 0 :2S ami

Database Name nr
Description Nndantkte mDorriin (nr) 

Program BLASTN 2 .2 .2 ?+

Graphic Summary
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Description Nona 
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Plate 7 a. !8SrDNA sequence analysis of M7 using BLASTN (1029 bp)



Descriptions
Sequence producing slpWeant eflgnmants:

Description Max
score

Total
score

| Query 
| cover

! E
| value

Ident Accession

Tricfrodema sp. SM-2014-Agene tor 153 
rbosomal RNA parial sequence 1901 1901 10C% 09 100% flS92?J»,1

K)pooco muroiano strain NBRC 31293 
18S ribosoma) RNA(SSU) gene, partial 
Srt-pwne* >ghpNP41liH31| Ktfmrea 
murotena strain NBRC 3128818S 
rbosomai RNA(SSU) gene, partial 
sequence >gb|JN941094.1| Hjpocea 
m iitdena stain NORC 3120710S 
rbosonvd RNA(SSU)gone,partial 
sequence >gb(JN841691.1[ Hjpocea 
obowiridfe stain NBRC 843618S 
rbosomaJ KNA(SSU) gene, partial 
sequence

1901 1801 i o c s 09 100%

H gutfeasup luett sktsn N3RC 8437 
lOSribosomol RNA(GGU) gene, partial 
coquonco

1801 1801 1009, 09 100% JN941672.1

Hjpocrea suphuea stain N3RC 8438 
18S ritosomal RNA(SSU) gene, partial 
sequence

1801 1801 100% 09 100% JN941671.1

Nspocrea su phurea strain N3RC 8438 
18Siilw>m(u4 RMA(SSU){j«ie.psji[al 
Sequence

1801 1901 io c % 09 100% JN941B7D.1

Hjpocreo kankagii stain  Er-3 18S 
rbosowai RNAgene, parts! sequoro 1001 1001 1009) 09 100% NM162770.1

Hjpoobo'os sp. CMCA1B16S rtosomai 
MlMgene. portal sequence 1HW1 1WI1 1<Ki4> III! inna RJ634372.1

Tncnodeima viwe i e s  rocsoma rna 
gaw . ptu'iul sequent*) 1801 1901 100% 09 100% AF826230.1

tijpoeree lonngH 10SrRNAgene,5.CS 
rRNAgene, 28S iRNAgene (paitQ), 
inbrrof TomoftxxJ spoccrl (RSI) and 
intomel tanscribed spacer2 (RS2), 
sfminAICC tUTtSV

1001 1001 10C9s 09 100% AJ3P1990.1

Hipooearua 18SiRNAgene.9JSrRNA 
genu. 28S iRNAgene Cpsitiui), inhwel 
tansaibed spacer 1 (RSl)and Infernal 
tartsaibed spocet 2  (1TB2), stain H>9

1801 1901 100% 09 100% AJ901991.1

Trtchodcrmo koningfopsis stain T 440 
18S ribasamed RNAgcna, pa rial
SMfMftCn

1805 1895 100% OX 09% 30779070 1

Trtatodemo korinflopsis stain T-404 
18Siitaswiul RNAguie. portal 
sequence >gtpO276021.1| HjpJcra 
keningu stain T-450 ICSnbosontoiRNA 
geno. p oriel soquonco

1835 1695 10C% 09 m JQ276019.1

Tnchodetma kerinpepsis stain T-403 
18S ritosomai RNAgena, parfaJ 
sequence

1805 1805 10CAs 09 89% JQ27B018.1

Pettikmiftwa vtniuti s&uil D7CM 
210375 IdSribosomal RNA(SSU) gens, 
parte! sequence

1895 1695 100% 09 99% JN939029-1

Hjpoaoo sp. 2 F 18S ribosome] RNA 
gene, pariel sequence 1805 1686 1004» 09 00% F3716243.1

H>pocrea lonhgii stain JH16S 
rtnsomal HNAonrw.jvrtfll saqimrim

Plate 7 b. 18Sr DNA sequence analysis of M7 using BLASTN (1029 bp)
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Plate 7 c. 18Sr DNA sequence analysis of M7 using tBLASTx (1029 bp)



Descriptions
Seq uen ces praArcm g significant alignm ents:

Description Max ! Total Query ' E ! N , Accession
score | score cover | value 1

T-deformarrs genetor 18SrRNA 393 4210 100% OB Sunrvt X69852J.

podostroma cordyceps 18S rffiosomai rna 
gene.portal sequence 393 4217 100% 00 SumrU AV24S667.1

Hypomyces chrysospermus partal 18S 
ribosomal RNAsequence 390 4137 100% oo Sum n4 WS9993.1

Hypomyces chryscspernius gene lor IBS 
ntwsomal rna

388 4122 100% 00 Sumn4 AB027338.1

Hypooea sp. SP-4 i BS rbcsomat RNAgene, 
partial sequence 224 4220 100% oo Suron5

Verttfiium Incuntsn strain CBS 460J}8 small 
subunit rtboscmat RNA gene, partial 
sequence

389 4062 99% 00 SumrU APM9S00.1

Trlchocerma unde mtemal transotted 
spacer 1.5BS nbosoma RNAgene and 
Infernal Bansafbed spacer 2. complete 
sequence; 28S flbosomal RNAgene. partial 
sequence; and 18Snb«omaI RNAgene. 
complete sequence

391 4184 99% 00 SumrU AR21B7B9J

Trichoderma kortngS las ribosomal RNA 
gene. Internal transcribed spacer 1 ,5 3 5  
ribosomal RNAgeneand internal tans allied 
spacer 2. complete sequencerand 28S 
ribosomal RNArmosomai RNA gene, portal 
sequence

390 4157 99% 00 Sumn4 AF218790.1

Hypocrea tutea gene foMSScRNA, straw IFO 
S061 361 4151 100% 00 SunnS D14407.1

Paecricriyces nipftetodes svaki CSS 36476 
18S small sutumfl ribosomal RNAgene. 
partal sequence

335 4083 100% 00 Sumn4

Hypoaearula 18SiRMAgene.53SrRNA 
gene,2&S rRNA gene (partial). Internal 
transcribed spacer 1 (TTSI)and Internal 
bans cubed spacer 2 (n s2). strain HyQ

393 4196 100% oo SumrU AJ301S91.1

Hypocrea konlngll 18S rRNAgene, 53S rRNA 
gene. 28S rRNA gene (portal), internal 
transcribed spacer t (its l) and internal 
tans aibed spacer 2 (ITS2). strain ATCC 
64262

393 4196 100% 00 Sterna AJ301990.1

SphaerosblbcDa berteteyana sm al sutuiil 
ribosomrt RNAgene, partial sequence 3S5 4183 99% oo SumnS AF543HP.1

Hypocrea kontngll strain SP-318S rtjosomal 
RNAgene, partal sequence 333 4196 100% oo SumrU HM1B7770.1

Hypocrea muroiana strain NBRC 31233 16S 
nbosomol RNA(SSU)gene.psr*a sequence 
>gb|JN9dl6B3.l| Hypocrea mirwana skam 
NBRC 31288 IBS rlDoscmal RNA (SSU) 
gene, partal sequence >gD)J>l94t684.1| 
Hypocrea muroiana strain NBRC31287 18S 
ribosomal RNA(SSU) gene, portal sequence 
>0bpN54l69l.i]H)poaeaabounds strati 
NBRC 8436 18S ransom al RNA (SSU) gene, 
partial sequence

393 4196 100% 00 Sum i)4 JMU1R92.1

Hypcaeacufct strain G3S39-12M8S 
ribosomal RNAgene. partal sequence 393 4182 100% DO SunrU AY489G94.1

Plate 7 d. 18Sr DNA sequence analysis of M7 using tBLASTx (1029 bp)
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Graphic Summary

Distribution of 100 Blast Hits on die Query Sequence

Color key tor alignment scores

Plate 8 a. 18Sr DNA sequence analysis of M17 using BLASTN (1030 bp)



Descriptions
Se q u en ces pro duetig sig n ifican t a iig im e n ts:

Description Max
score

| Total 
| score

Query
cover

E
value

| Ident

i

P enkS un  sp. V/O-29-518S rtbosomal RNA 
gene, partial sequence 1903 1903 100% oo 100%

Penltftum grtsecfuisum Isolate Pen0183 
rlbosarnal RNAgene. partial sequence 1903 1903 100% 0 o 160%

PendHiumsp. B19 18S rtocsomai RNAgene, 
partial sequence 1699 ‘ 1899 99% 06 100%

penkflum  atraium strain Sal icon) 4 6 18S 
rtbosomal RNAgene. partial sequence 1897 1897 100% oo 99%

PenidEum d e a rn  bens 16S ribosemai RNA 
gene, parfat sequence

1697 1897 100% 00 99%

Penidffium dtrtnum strain DAOM221147 IBS 
nbosoraal RNA(SSU) gene, partat 
sequence

1897 1897 99% 00 99%

Penltfflum grtsectutvum strain T22-13 16S 
flbosomal RNAgene. partial sequence 1897 1897 100% 00 99%

PcfljeBBum sp. CPCC 480032 lesrtbesomal 
RNAgene. partial sequence 1697 1897 100% 00 99%

PentcCium sp. M31 genes tor 18S rRNA 
ITS1.5S9rRNA ITS2,partial and ccmplele 
sequence

1897 1897 100% 00 99%

P enkS un  decumpens genomic DNA 
contunTig IBS iRNApetie. ITS'). 58S  rRMA 
1132. Isolate tvMH 83-p 1

1893 1893 100% 00 99%

PenkSum decunbens genomic DNA 
contenting 16S (RNAgene. lTS1.5BSrRNA 
rT52,ls0lsSe2HE89-p3

1892 1692 100% oo 99%

PenicBun sp. CPCC 480465 tesrtZxrsomal 
RNAgene, partial sequence 1892 1692 100% 00 99%

EupenlcSRum Jacniarm Isolate AFTOL-ID 429 
IBSribasomal RNAgene. partial sequence 1BB1 1881 100% 00 99%

EupertcSBum lira asum feoiate AFTOL-TO 2014 
IBSrtbosomal RNAgene. partial sequence 1881 1881 100% oo 99%

Unearnedascomiceta gene t r  18SrRNA, 
partial sequence. done-APO_76 1861 1881 100% oo 99%

Eupenletitumjawnicurn IBSsmafi subunit
(RNAgene 1881 1881 100% DO 99%

Penidftjm sp. SA29 gene for 18S nbcscmal 
RNA, pa real sequence 1879 1079 100% OjO 99%

PenJdEum sp. &>16U 13S rfbcsomal RNA 
gene, partial sequoice 1877 1677 99% oo 99%

Penicfiksn sp. 6-12c 18S rlbosoraal RNA 
gene, p a t  at sequence 1875 1875 100% 00 99%

Eupenfcssum sp.SAUFCM tBSrtoosornal 
RNAgene, parts! sequence 1875 1875 100% 00 99%

Fungal sp.FCAS3ta 18S small sutxxat 
liposomal RNAgene.partal sequence 1876 1675 100% oo 99%

Pert datum sp. CPCC 480008 18Srtoosomal 
RNAgene.partial sequence 1875 1875 100% 00 99%

PenicEmm cuaiicum strain 114-218S 
nbosomaf RNAgene. internal transcribed 
spacer 1.5 89 rtoosaroal RNA gene, and 
Inlema! transcribed spacer 2. complete 1873 1873 100% 00 99%

Accession

KJ136167.1

Ett1l697,1

HQ6S605I-1

KF7S8S01.1

KC342215.1

JW389M.1

CU32S479.1

EU9356S8.1

ASZ484431

FR771M3.1

Bt77404S.1

B*77«7.1

g « 3 S 2 Q .l

smio6i.i
AB0748S8.1

U2I23B.1

AP3W1M
KC143067.1 

KC79H570 1 

JMI7B207-1 

gt»30764.1 

anamflj

KF1B2942.1

Plate 8 b. 18Sr DNA sequence analysis of M17 using BLASTN (1030 bp)
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Plate 8 c. 18Sr DNA sequence analysis of M17 using tBLASTx (1030 bp)



Descriptions
Se q u en ces p racticin g sig n ifican t a llg n m e n ls:

Description Max
score

Total
score

Query
cover 1 E value

N Accession

Puiiidtfum decuintwiss 16S litiusuttiulRNAgeiw. 
partial sequence

398 4390 1038» 0.0 Sumn3 KC84221S.1

PonidlSum decumbens genomic DNA containing 
1SS iRNApin*. rTS1.fi AS fRMA ITS2. isnlntft 
F.MH89-p1

398 4339 161% on Simn3 FR774Q4fl.l

Ponidllumcp. CPCC 480032 ISSribosomol RNA 
gene, partial sequence 431 4375 100% 00 Sumn2 R83SS55J

PeitidIHtni yrbeufdwrn bua te  PenO 18S 
rbosomal RNAgene.paital sequence 431 4393 100% o a Sumn2 FJ717697.1

PenidlSum sp. WC-2&-S 1<JS rbosomal RNA 
gone, partial sequence

431 4383 100% 0.0 Sumn2 *1138167.1

PnmdBum sp 11 31 oeruts tor IAS rRMA ITS1. 
5.8S rRNA, ITS2. patial and ccmploto ccquonco 431 4373 100% 0J) Sumn2 AB2A8443.1

PenidJiumsp.BIO 16Srit>o»cmal RNA gene, 
partial sequent?* 431 4373 99% 0.0 SuTir\2 B26SM9L1

Penidlfum uDlmrn sktan Selicun 40 185 
rbosomal RNAgene, partial sequence 431 4372 100% 08 Sumn2 KF768801.1

Penidlfum dtrimrn stain  DAOM 221147 18S 
rhosnmel RNA(SSlI)gens.pnrlal sorpmncn 423 4333 99 M> 0.0 Gtmn2 JN9389C0.1

Fimgnl.sp FCAS31a IflSsmaltsubtnilrihnsnmri 
RNAgcnc, partial soqucnco 392 4392 1O0% 0.0 Stmn3 CQ12P104.1

Penidlfum griseoMwrr strain T22-13 16S 
i Lwsumal RNAyerw. pallia! suijuence 431 4370 100% 0.0 SuTin2 GU325879.1

Penidlfum sp. CPCC4804CG ItSnbosornol (ANA 
gene, partial sequence 431 4333 100% 0 9 Sumn2 EU827607-1

Pern cfl Bum gnseotuwm strain 3b1HJ IBS 
rbnsnmftl RNAgmvt. partial sorjiencn 391 4310 100% 0.0 Su*nn3 EPB061S1.1

Uncultured Peifd'lhrm doneUSN518S rbosomal 
RNAgcno, partial soqjcneo 391 4279 100% 0.0 Sumn3 JN39Z3Z0.1

Chranoceistl sp. SF18S riboscrnal RNAgene, 
portal sequence 391 4331 100% 0.0 Stmn3 FJ716248.1

Eupenidl k*n jesenicun 103 small subunit rRNA 
gene 428 4334 161% nn Stinn2 1512981

bupemai tun javfcncum isolate AH OWU 42V 
leSribosomal RNAgene. portal secuen:© 423 4334 100% 0.0 6trnn2 EF413620.1

EuperwallifTi limosun bclato AFTOt-D 2014 
18S ribosome! RNAgone, partial ecuonco 420 4334 100% 0.0 $01102 EF411001.1

Uncultured oscomycete gene for 18S fRNA porta’ 
sequence, dune.API3_70 423 4334 100% 0.0 Simn2 ABQZ46SB.1

Penidlfum eqransum strain HDJZ-ZWkt-l7 18S 
rbosomal KNAgene, partal sequence .391 4324 160% nn Simn3 05273*4.1

PenidHum cTirysogorum lesncosam at RNA 
gene, partial sequence 301 4322 00% 0.0 Sumn3

Penitillum sp . 6-168.1 t6S  riboscmal RNA gene, 
portal sequence 423 4324 99% 0.0 &rrni2 KC14308T.1

Penidllum sp. CPCC 480008 ISSribosomol RNA 
gene, partal sequence 423 4324 100% 0.0 Sunn2 BJ381148.1

Penidlfum sp. D9P404 10S nbosoraal RNA 
gene, partial sequence 423 4316 100% 0.0 Sumn2 JK134614.1

Fungal sp.fCASUb it>5 small subunit nbosomal 427 4338 100% 0X1 Su-nn2 50120104.1

Plate 8 d. 18Sr DNA sequence analysis of M17 using tBLASTx (1030 bp)



Table 25. BLAST N results of the four selected isolates

Sequence identifier BLAST N hits Species

(1023bp) M5 101 Blast Hits on the 

Query Sequence

Isaria farinosa

(1601 bp) M6 102 Blast Hits on the 

Query Sequence

Aspergillus fumigatus

(1029bp) M7 100 Blast Hits on the 

Query Sequence

Trichoderma viride

(1030bp) M17 100 Blast Hits on the 

Query Sequence

PeniciHium griseofulvum

Table 26. tBLASTx results of the four selected isolates

Sequence identifier tBLASTx hits Species

(1023bp) M5 1720 Blast Hits on the 

Query Sequence

Isaria farinosa

(1601bp) M6 200 Blast Hits on the 

Query Sequence

Aspergillus fumigatus

(1029bp) M7 1947 Blast Hits on the 

Query Sequence

Trichoderma viride

(1030bp) M17 1590 Blast Hits on the 

Query Sequence
PeniciHium griseofulvum



farinosa 0.0625 

amoenerosea 0.0373

M5 -0.05964

I xylariifomis 0.03699

cateniannulata 0.0298

I javanica 0.00318

I ■ locusticola 0.01963

Plate 9. Phylogenetic tree of M5

Plate 10. Phylogenetic tree of M6

M6 0.50591 
clavatus 0.07149 
fuirigatus 0 .0 3 1 %  
flavu s-0.00075 
Qiyzae 0.00972 
parasiticus 0,00138 
sojae 0.0004



M 7 - 0.31358

_______ i . . --------  viride 0.23972

—  —  harzianum 0.08139

— — — — ■—  asperelloides 0.00906

composticola 0

■ —  ■ -  paraviridescens 0

Plate 11. Phylogenetic tree of M7

M17 0.51939 
coffeae 0.02664 
chariesi 0.04789 
amaliae 0.06138 
welfingtonense 0.00827 
nothofagi0.00054 
cosmopolitanum 0.00083

Plate 12. Phylogenetic tree of M17



chrysospermus and Trichoderma deformans. M17 showed 100 per cent identity 

with Penicillium griseofulvum.

The sequences of isolates M5, M6, M7 and Ml 7 were uploaded Clustal 

omega database for multiple sequence alignment and phylogenetic tree was drawn 

using neighbor joining method is shown in Plate 9, Plate 10, Plate 1 land Plate 12 

respectively. Construction of Phylogenetic tree revealed the relatedness of Isaria 

to I. farinosa and I. amoenerosea sp., Aspergillus to A. clavatus and A. fumigatusy 

Trichoderma to T. viride and T. harzianum, Penicillium to P. coffeae and P. 

charlesii.

4.5. DEVELOPMENT OF CONSORTIUM OF ISOLATES

For development of liquid consortium of selected isolates, their 

compatibility was evaluated in Potato dextrose broth and Mineral salts medium 

(Table 27) and it was confirmed by dual culture technique (Plate 13).

The growth of individual isolates was monitored in both MSM (Mineral 

Salts Media) and PDB (Potato Dextrose Broth) after 7 days of inoculation. 

Eventhough the population of each of the isolate was maximum in PDB, all the 

isolates showed sufficient viable count in MSM also. In PDB, maximum 

population was recorded by isolate M7 (74.25 x 106 cfu ml'1), followed by M6 

(59.75 x 106 cfu ml'1), M17 (45.75 x 106 cfu ml'1) and M5 (32.25 x 106 cfu ml'1). 

In MSM, maximum population was recorded by isolate M7 (239 x 103 cfu ml'1) 

followed by M17 (186.50 x 103 cfu ml'1), M6 (141.50 x 103 cfu ml'1) and M5 

(80.50 x 103 cfii ml'1). All the isolates were compatible and could grow well in 

PDB and MSM and sufficient population build up was recorded. The 

compatibility of the isolates was also tested by dual culture technique. All the four 

isolates were tested for antagonism and no inhibition was observed between the 

isolates tested (Table 28). Since all the isolates (M5, M6, M7 and M l7) were 

compatible, they were used to prepare the liquid consortium.



M5 Vs M7

M6 Vs M7

M7 Vs M17

M17 Vs M5M6 Vs M5

Plate 13. Dual culture studies o f selected fungal isolates



Table 27. Compatibility of selected fungal isolates in MSM and PDB

SI.NO ISOLATES 7 DAI

MSM PDB

cfuXlO 3 ml'1 cfu XI06 ml' 1

1 M5 80.50 32.25
2 M6 141.50 59.75

3 M7 239.00 74.25
4 M17 186.50 45.75
5 CD (0.05) 3.801 8.705

Table 28. Dual culture studies of selected fungal isolates

Fungal Fungal isolates
Sl.No. isolates M5 M6 M7 M17

1 M5 + + +

2 M6 + + +

3 M7 + + +

4 M17 + + +

+ No inhibition



4.6 EVALUATION OF THE CONSORTIUM UNDER IN VITRO CONDITIONS

The prepared liquid consortium of M5, M6, M7 and M l7 was evaluated 

under in vitro conditions, to assess the ability to degrade 50, 100, 200, 400 and 

800 ppm concentrations of chlorpyrifos based on viable count (Table 29-33) and 

release of chloride (Table 35) at intervals of 7, 15, 20, 25 and 30 days after 

inoculation. However, the residue of chlorpyrifos was analyzed on 25th day after 

inoculation (Table 34).

4.6.1. Population Build up of Individual Isolates in the Consortium 

in 50 ppm Concentration of Chlorpyrifos in MS Media

Isolate M7 recorded 48 x 103 cfu ml"1 on 7 DAI which increased to 74 xlO3 

cfu ml'1 on 15th day and to 82.50x103 cfu ml'lon 20th day after inoculation and 

reached a maximum count of 83.50xl03 cfu ml' 1 on 25th day after inoculation 

thereafter declined to 82 x 103 cfu ml'1 on 30th day after inoculation.

On 7th day of inoculation, isolate Ml 7 recorded a viable count of 42.50 

xlO3 cfu ml'1. The population buildup of M17 gradually increased to 82.50 xlO3 

cfu ml' 1 on 15th day of inoculation and to 85.50 xlO3 cfu ml' 1 on 20th day. 

Maximum viable count of 96 xlO3 cfu ml*1 was recorded by M17 on 25th day after 

inoculation which showed a decline to 41xl03 cfu ml' 1 on 30lh day after 
inoculation.

On 7th day of inoculation, isolate M6 recorded 38.50 x 10 3 cfu ml'1 and 

showed an increase to 78.50 x 103 cfu ml'1 on 15th day and reached a maximum of

85.50 xlO3 cfu ml'1 on 20th day, thereafter a gradual decline to 81 x 103 cfu ml_1l 

and showed a decreased viable count of 37 x 103 cfu ml' 1 on 30th day of 

inoculation.

Similarly isolate M5 recorded a total viable count of 43 xlO3 cfu ml'1 on 

7DAI, it gradually increased to 84.5 x 103 cfu ml'1 on 15th day reaching a 

maximum population buildup of 88.50 xlO3 cfu ml'1 on 20th day and thereafter 

showed a decline of 87 xlO3 cfu mf'and 39 xlO3 cfu ml"1 on 25th and 30 DAI 
respectively.
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4.6.2. Population Build up of Individual Isolates in the Consortium

in 100 ppm Concentration of Chlorpyrifos in MS Media

On 7th day of inoculation, maximum viable count of 141 xlO3 cfu ml' 1 was 

recorded by M l7. The population buildup of M17 graduallly increased to 154 

xlO3 cfu ml'1 on 15th day of inoculation and to 172.5 xlO3 cfu ml'1 on 20Ih day. 

Maximum viable count of M17 was recorded on 25th day after inoculation 

(194xl03 cfu ml'1) which showed a decline to 131 x 103 cfu ml' 1 on 30th day after 

inoculation.

Isolate M7 recorded 120 x 103 cfu ml' 1 on 7 DAI which increased to

125.50 xlO3 cfu ml'1 on 15 DAI and reached a maximum count of 219.50 xlO3 cfu 

ml'1 on 20 DAI thereafter declined to 128.5 and 125 x 103 cfu ml'1 on 25th and 30lh 

day after inoculation respectively.

On 7lh day of inoculation, isolate M6 recorded 119 x 10 3 cfu ml'1 showing 

an increase in growth to 122.5 x 103 cfu ml'1 on 15ril day and reached a maximum 

of 144 xlO3 cfu ml"1 on 20th day thereafter gradually declined to 140 x 103 cfu ml'1 

on 25 DAI and showed a decreased viable count of 113.5 x 103 cfu ml"1 on 30th 

day of inoculation.

Similarly isolate M5 recorded a total viable count of 110 xlO3 cfu ml'1 on 

7DAI, it gradually increased to 112.5 xlO3 cfu ml'1 on 15th day reaching a 

maximum population buildup of 144.5 xlO3 cfu ml"1 on 20 DAI and thereafter 

showed a decline of 120 xlO3 cfu ml'1 and 100 xlO3 cfu ml'1 on 25Ih and 30 DAI 

respectively.

4.6.3. Population Build up of Individual Isolates in the Consortium

in 200 ppm Concentration of Chlorpyrifos in MSM

On 7th day of inoculation, maximum viable count of 150 xlO3 cfu ml' 1 was 

recorded by isolate M17. The population buildup of M17 gradually increased 

tol58 xlO3 cfu ml'1 on 15th day of inoculation and 161.50 xlO3 cfu ml'1 on 20th 

day. Maximum viable count of 196.50 xlO3 cfu ml' 1 was recorded by M17 on 25th 

day after inoculation which showed a decline to 142.50 xlO3 cfu ml'1 on 30th day 
after inoculation.
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Table 29. Population build up of individual isolates of consortium in 

50 ppm concentration of chlorpyrifos in MSM

Fungal
Isolates

Total viable count (cfu x 103 ml"1) *
7“ DAI 15th DAI 20“ DAI 25“ DAI 3 0th DAI

m 7 48.00 74.00 82.50 83.50 82.00

m 6 38.50 78.50 85.50 81.00 37.00

M,7 42.50 82.50 85.50 96.00 41.00

m 5 43.00 84.50 88.50 87.00 39.00

CD(0.05) 3.104 2.597 1.963 3.539' 3.926
* Mean of two replications

Table 30. Population build up of individual isolates of consortium in 

100 ppm concentration of chlorpyrifos in MSM

Fungal
Isolates

Total viable count (cfu x 103 ml"1) *
7th DAI 15th DAI 20“ DAI 25“ DAI 30“ DAI

m 7 120.00 125.50 219.50 128.50 125.00

m 6 119.00 122.50 144.00 140.00 113.50

M 17 141.00 154.00 172.50 194.00 131.00

m 5 110.00 112.50 144.00 120.00 100.00

CD(0.05) 3.926 2.597 3.104 3.539 3.539
* Mean of two replications
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Isolate M7 recorded 123 x 103 cfu ml'1 on 7 DAI which increased to ,

127.50 xlO3 cfu ml'1 on 15 DAI and to 128.50 xlO3 cfu ml'1 on 20 DAI, reached a 

maximum count of 132.50 x I03 cfu ml"1 on 25th DAI which showed a decline to 

120 x 103 cfu ml'1 on 30th day after inoculation.

On 7th day of inoculation, isolate M6 recorded 122.50 x 10 3 cfu ml'1 

showing an increase in growth to 125x 103 cfu ml"1 on 15th day and reached a 

maximum of 146.50 xlO3 cfu ml"1 on 20th day thereafter gradually declined to

128.50 x 103 cfu ml"1 on 25 DAI and showed a decreased viable count of 113.5 x 

103 cfu ml"1 on 30th day of inoculation.

Similarly isolate M5 recorded a total viable count of 112 xlO3 cfu ml'1 on 

7DAI, it gradually increased to 117 xlO3 cfu ml'1 on 15,h day reaching a maximum 

population buildup of 148.50 xlO3 cfu ml"1 on 20 DAI and thereafter showed a 

decline of 117.50 xlO3 cfu ml’1 and 112 xlO3 cfu ml"1 on 25th and 30 DAI 

respectively.

4.6.4. Population Build up of Individual Isolates in the Consortium 

in 400 ppm Concentration of Chlorpyrifos in MSM

On 7th day of inoculation, maximum viable count of 125.5 xlO3 cfu ml'1 

was recorded by M17. The population buildup of M17 gradually increased to 128 

xlO3 cfu ml'1 on 15th day of inoculation and to 129 xlO3 cfu ml"1 on 20th day. 

Maximum viable count of 136 xlO3 cfu ml'1 was recorded by M17 on 25th day 

after inoculation which showed a decline to ll3xl03 cfu ml'1 on 30th day after 

inoculation.

Isolate M7 recorded 160.5 x 103 cfu ml"1 on 7 DAI which increased to

163.50 xlO3 cfu ml"1 on 15 DAI and to 169.0 xlO3 cfu ml'1 on 20 DAI and reached 

a maximum count of 172.50 xlO3 cfu ml'1 on 25th DAI thereafter showed a decline 

to 153.50 x 103 cfu ml'1 on 30th day after inoculation.

On 7th day of inoculation, isolate M6 recorded 130.5 x 10 3 cfu ml'1 

showing an increase in growth to 138.5 x 103 cfu ml"1 on 15th day and reached a 

maximum of 142 xlO3 cfu ml'1 on 20th day, thereafter gradually declined to 140.50
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Table 31. Population build up of individual isolates of consortium in 

200 ppm concentration of chlorpyrifos in MSM

Fungal

Isolates

Total viable count (cfu x lO’W '1) *

7th DAI 15th DAI 20th DAI 25lh DAI 30lh DAI

My 123.00 127.50 128.50 132.50 120.00

m 6 122.50 125.00 146.50 128.50 113.50

Miy 150.00 158.00 161.50 196.50 142.50

m 5 112.00 117.00 148.50 117.50 112.00

CD(0.05) 3.539 3.539 1.963 1.963 3.104

* Mean of two replications

Table 32. Population build up of individual isolates of consortium in 

400 ppm concentration of chlorpyrifos in MSM

Fungal

Isolates

Total viable count (cfu x 10Jml‘1) *

7th DAI 15tfiDAI 20lh DAI 25th DAI 30th DAI

My 160.5 163.5 169.0 172.5 153.50

m 6 130.5 138.5 142.00 140.50 129.0

Miy 125.5 128.0 129.0 136.0 113.0

M5 125.5 128.5 133.00 129.50 116.5
CD(0.05) 1.963 2.597 3.926 2.597 3.104

* Mean of two replications



x 103 cfu ml'1 on 25 DAI and showed a decreased viable count of 116.50 x 103 cfu 

ml'1 on 30th day of inoculation.

Similarly isolate M5 recorded a total viable count of 125.50 xlO3 cfu ml'1 

on 7DAI, it gradually increased to 128.5 xlO3 cfu ml"1 on 15th day reaching a 

maximum population buildup of 133.00 xlO3 cfu ml'1 on 20 DAI and thereafter 

showed a decline of 129.50 xlO3 cfu ml' 1 and 116.50 xlO3 cfu ml'1 on 25th and 30 

DAI respectively.

4.6.5. Population Build up of Individual Isolates in the Consortium

in 800 ppm Concentration of Chlorpyrifos in MSM

On 7th day of inoculation, maximum viable count of 5.50 xl 03 cfu ml' 1 was 

recorded by M17. The population buildup of M17 gradually increased tol5.50 

xlO3 cfu ml'1 on 15th day of inoculation and to 49.50 xlO3 cfu ml"1 on 20th day. 

Maximum viable count of 55.50 xlO3 cfu ml'1 was recorded by M17on 25th day 

after inoculation which showed a decline to 10.50 xlO3 cfu ml'1 on 30th day after 

inoculation.

Isolate M7 recorded 4 x 103 cfu/ml on 7 DAI which increased to 21.50 

xlO3 cfu ml'1 on 15 DAI and to 30 xlO3 cfu ml'1 on 20 DAI, reached a maximum 

count of 67 xlO3 cfu ml'1 on 25th DAI thereafter showed a decline to 10 x 103 cfu 

ml'1 on 30th day after inoculation.

On 7th day of inoculation, isolate M6 recorded 8 x 10 3 cfu ml' 1 showing 

an increase in growth to 18.50 x 103 cfu ml"1 on 15th day and reached a maximum 

of 37.50 xlO3 cfu ml'1 on 20th day, thereafter gradually declined to 37 x 103 cfu 

ml'1 on 25 DAI and showed a decreased viable count of 6 x 103 cfu ml'1 on 30th 

day of inoculation.

Similarly isolate M5 recorded a total viable count of 18 xlO3 cfu ml'1 on 

7DAI, it gradually increased to 34.50 xlO3 cfu ml'1 on 15th day reaching a 

maximum population buildup of 92.50 xlO3 cfu ml'1 on 20 DAI and thereafter 

showed a decline of 55.00 xlO3 cfu ml'1 and 25 xlO3 cfu ml'1 on 25th and 30 DAI 

respectively.
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Table 33. Population build up of individual isolates of consortium in 

800 ppm concentration of chlorpyrifos in MSM

Fungal

Isolates

Total viable count (cfu x 10J ml'1) *

7lh DAI 15th DAI 20lh DAI 25th DAI 30th DAI

m 7 4.00 21.50 30.00 67.00 10.00

m 6 8.00 18.50 37.50 37.00 6.00

Mn 5.50 15.50 49.50 55.50 10.50

Ms 18.00 34.50 92.50 55.00 25.00

CD(0.05) 2.195 3.143 2.597 3.539 2.195

* Mean of two replications



4.6.6. Degradation of Chlorpyrifos by Consortium at Different 

Concentrations of Chlorpyrifos on 25,h Day of Inoculation

The ability of the developed consortium to degrade 50, 100, 200, 400 and 

800 ppm concentrations of chlorpyrifos in MSM was analyzed on 25th day of 

inoculation. Degradation of chlorpyrifos was analysed by using GC-MS. 

Maximum residue of 260.0 ppm was recorded in 800 ppm concentration, 

followed by 45.0 ppm(400 ppm), 32.0 ppm (200 ppm), 17.0 ppm (100 ppm) and

17.0 ppm (50 ppm), compared to control which recorded 741.0, 365.0, 194.0, 93.0 

and 48.0 ppm in 800, 400, 200,100 and 50 ppm respectively. Maximum 

degradation of 87.6 per cent was recorded in 400 ppm followed by 83.0 per cent 

in 200 ppm and 81.7 per cent in 100 ppm and least value of 64.9 per cent in 800 

ppm concentration In 50 ppm, only 65.0 per cent degradation was recorded (Table 

34).

4.6.7. Release of Chloride in to the Medium by the Consortium at Different

Concentrations of Chlorpyrifos at Different Intervals

The release of chloride into the medium by the consortium after 7 DAI 

was not statistically significant. However, on 15th DAI, maximum chloride 

release of 0.299 mg'1 was observed in 200 ppm followed by 0.249 mg'1 in 400 

ppm, 0.199 mg'1 in 50 and 800 ppm. The chloride release gradually increased 

from 15th to 20th DAI, reaching a maximum on 25lh DAI and then showed a 

decline on 30th DAI. On 20th DAI maximum release of 0.349 mg'1 was observed 

in 200 ppm followed by 0.274 mg"1 in lOOppm, 0.249 in 400 ppm, 0.224 mg'1 in 

50 ppm and 0.199 mg'1 in 800 ppm. The release of chloride on 25th DAI was 

maximum (0.373 mg'1) in 200 ppm, followed by 0.349 mg'1 in 100 ppm, 0.298 

mg'1 in 400 ppm and 0.249 mg'1 in 800 and 50 ppm. On 30th DAI maximum 

release of 0.249 mg' 1 was observed in 400 ppm followed by 0.199 mg'1 in 800 

ppm, 0.149 mg'1 in 50 and 100 ppm and 0.124 mg'1 in 200 ppm (Table 35).
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Table 34. Degradation of different concentrations of chlorpyrifos by consortium 

on 25th day of inoculation

Concentrations Residue of 
chlorpyrifos in 

consortium 
(ppm)

Residue of 
chlorpyrifos in 
control (ppm)

Percentage 
degradation of 
chlorpyrifos

50 PPM 17.0 48.0 ‘ 65.0
100 PPM 17.0 93.0 81.7
200 PPM 32.0 194.0 83.0
400 PPM 45.0 365.0 87.6
800 PPM 260.0 741.0 64.9
CD (0.05) 10.024 12.086

Table 35. Release of chloride in to the medium by consortium at different 

concentrations of chlorpyrifos at different intervals

Chloride release (m
SI.NO ISOLATES 7 DAI 15 DAI 20 DAI 25 DAI 30 DAI

1 50 ppm 0.099 0.199 0.224 0.249 0.149
2 100 ppm 0.099 0.124 0.274 0.349 0.149
3 200 ppm 0.099 0.299 0.349 0.373 0.124
4 400 ppm 0.099 0.249 0.249 0.298 0.249
5 800 ppm 0.099 0.199 0.199 0.249 0.199
6 CD(0.05) NS 0.004 0.003 0.004 0.003

* Mean of two replications
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4.7. EVALUATION OF THE BIOREMEDIATION EFFICIENCY OF THE 

DEVELOPED CONSORTIUM IN CONTAMINATED SOIL UNDER POT 

CULTURE CONDITIONS USING STERILIZED SOIL

A pot culture study was conducted to evaluate the bioremediation 

efficiency of the developed liquid consortium in soil spiked with chlorpyrifos. 

The efficiency of consortium was evaluated by monitoring the biometric 

characters of cowpea such as plant height, fresh and dry weight of plants and 

roots, nodule number, nodule fresh and dry weight and yield of plant (Plate 14 and 

15). Analysis of residue of chlorpyrifos and release of chloride in soil were 

evaluated. The total soil microflora and the chlorpyrifos degraders in rhizosphere 

of cowpea were also enumerated (Table 36).

4.8. EFFECT OF DEVELOPED CONSORTIUM ON BIOMETRIC

CHARACTERS OF COWPEA IN STERILIZED SOIL

Maximum plant height of 193.25 cm was recorded in control (Tl). 

Significant reduction in plant height was observed due to spiking of soil with 100 

and 400 ppm chlorpyrifos which recorded 139.62 cm and 118.75 cm respectively. 

The application of consortium to 100 ppm (T3) and 400 ppm spiked soil (T5) 

recorded 191.25cm and 176.25 cm plant height respectively, which were 

statistically on par with the control treatment (Tl).

Maximum yield of 193.25 g was recorded in control (Tl) followed by T3 

and T5 which recorded 130.75 and 124.50 g respectively. A significant reduction 

in yield was observed in soil spiked with 100 ppm (T2) and 400 ppm (T4) 

chlorpyrifos which recorded 93.0 and 73.75 g respectively.

Fresh weight of plants was also maximum (83.33 g) in the control plants 

(Tl). This was statistically on par with T3 and T5 which recorded 81.4 and 77.58 

g respectively. Significant reduction in plant fresh weight was observed in 

treatment T2 (22.83 g) and T4 (24.20 g) where soil was spiked with 100 ppm and 

400 ppm chlorpyrifos respectively.

The root fresh weight of 5.25 g was maximum in T3 which received 

consortium application in 100 ppm spiked soil, which was statistically on par with



Plate 15. Yellowing symptoms due to chlorpyrifos spiking

Plate 14. Effect of consortium on biometric characters



control T1 (4.78 g). The treatment T5 recorded 4.17 g which was also statistically 

on par with control treatment. The root fresh weight was significantly reduced in 

treatments T4 and T2 which received 400 ppm and 100 ppm spiking without 

consortium which recorded 1.28 and 1.63 g respectively.

Maximum plant dry weight of 2.83 g was recorded in control treatment T1 

followed by T3 (2.57 g) and T5 (2.05 g). Significant reduction in plant height was 

observed due to soil spiking with 100 ppm (T2) and 400 ppm (T4) chlorpyrifos 

which recorded 1.07 g.

Maximum root dry weight of 0.96 g was recorded in T3 which received 

consortium application in soil spiked with 100 ppm chlorpyrifos followed by 

control T1 (0.76 g) and T5 (0.45 g). Significant reduction in root dry weight was 

observed in treatments T2 (0.08 g) and T4 (0.02 g) which received 100 ppm and 

400 ppm chlorpyrifos application.

Maximum nodule number of 82.25 was recorded in T3 followed by T5 

(76.0) compared to control which recorded 56.75. A significant reduction in 

nodulation was observed due to 100 ppm (T2) and 400 ppm (T4) chlorpyrifos 

application which recorded 11.00 and 8.50 respectively. The control treatment 

recorded a nodule number of 56.75.

Maximum nodule fresh weight of 1.53 g was recorded in the treatment 

(T3) which received consortium application in soil spiked with 100 ppm 

chlorpyrifos and was statistically on par with treatment T5 (1.52 g) which also 

received consortium application in soil spiked with 400 ppm chlorpyrifos. The 

nodule fresh weight was reduced significantly in treatment T2 (0.20 g) and T4 

(0.05 g) which received 100 and 400 ppm chlorpyrifos spiking respectively.

Maximum nodule dry weight was recorded in treatment T3 (0.083 g) 

which received consortium application in 100 ppm spiked soil, which was 

statistically on par with T5 (0.075 g) which received consortium application in 

400 ppm chlorpyrifos spiked soil. The control T1 recorded a nodule dry weight of 

0.065g. Significant reduction in nodule dry weight was recorded in T2 and T4 

which recorded 0.006 g and O.OOlg respectively (Table 36).



Table 36. Effect of consortium on biometric characters of cowpea in sterilized soil

Treatments Plant
height (cm)

Nodule 
number plant*1

Fresh weight (g plant'1) Dry weight (g plant'1) Yield 
(g plant*1)

Plant Root Nodule Plant Root Nodule
Ti-Unspiked soil 193.25 56.75 83.33 4.78 1.05 2.83 0.76 0.065 193.25
T2-soil spiked with 
chlorpyrifos (lOOppm)

139.62 11.00 22.83 1.63 0.20 1.07 0.08 0.006 93.00

T3-soil spiked with 
chlorpyrifos (lOOppm) 
+consortium

191.25 82.25 81.40 5.25 1.53 2.57 0.96 0.083 130.75

T4- soil spiked with 
chlorpyrifos (400ppm)

118.75 8.500 24.20 1.28 0.05 1.07 0.02 0.001 73.75

T5- soil spiked with 
chlorpyrifos (400ppm) 
+consortium

176.25 76.00 77.58 4.17 1.52 2.05 0.45 0.075 124.50

CD(0.05) 19.63 5.38 6.323 0.627 0.186 0.058 0.088 0.023 11.458



4.9. EFFECT OF DEVELOPED CONSORTIUM ON DEGRADATION OF 

CHLORPYRIFOS AND CHLORIDE RELEASE UNDER POT CULTURE 

CONDITIONS

The residue of chlorpyrifos was lowest in the treatment T3 (0.30 ppm) 

which received consortium application in soil spiked with 100 ppm chlorpyrifos 

compared to 0.87 in treatment T2 (with 100 ppm chlorpyrifos alone). It was 

observed that 65.70 per cent reduction in chlorpyrifos residue could be obtained 

due to application of microbial consortium.Similarly the residue of chlorpyrifos 

was reduced to 2.02 in 400 ppm spiked soil, which received consortium 

application compared to the treatment T4 (with 400 ppm chlorpyrifos alone) 

which recorded 3.72. Thus 45.60 per cent reduction of chlorpyrifos residue could 

be obtained due to application of consortium (Table 37).

The release of chloride is an indirect method of estimation of degradation 

of chlorpyrifos. The chloride analysis of soil samples revealed that maximum 

release of chloride was observed in treatments which received consortium 

application in soil spiked with 400 ppm chlorpyrifos (1.95 mg l"1) which was 

statistically on par with T3 (1.80 mgT1). Significant reduction in chloride release 

was observed in treatments T4 and T2 which recorded 1.40 and 1.48 mgl‘l 

respectively. The percentage release of chloride was maximum in T5 (39.28 per 

cent) and T3 (21.62 per cent), which received consortium application in soil 

spiked with 400 and 100 ppm chlorpyrifos respectively (Table 37).

4.10. EFFECT OF DEVELOPED CONSORTIUM ON POPULATION OF 

TOTAL SOIL MICROFLORA AND CHLORPYRIFOS DEGRADER IN 

STERILIZED SOIL

Maximum viable count of bacteria (40 xlO5 cfu g'1) was recorded in 

treatment T5 followed by T3 (32 x 10s cfu g"1) which received consortium 

application in soil spiked with 400 and 100 ppm chlorpyrifos. This was followed 

by T2 (27 x 103 cfu. g '1) and the control treatment recorded a population of 
15 xlO5cfu g_I.



Table 37. Effect of consortium on degradation of chlorpyrifos and chloride release under pot 
culture conditions

Treatments Chlorpyrifos 
residue (ppm)

Percentage 
reduction of 
chlorpyrifos 

residue

Release of 

chloride

(m gr1)

Percentage 

release of 
chloride

Tj-Unspiked soil 0.00 0.40

T2-soil spiked with 
chloipyrifos( 1 OOppm)

0.87

J
> 65.70

1.48
21.62

T3-soil spiked with 

chIorpyrifos( 100ppm)+consortium
0.30 1.80

T4- soil spiked with 3.72 > 1.40
chlorpyrifos(400ppm) - 45.60 >. 39.28
T5- soil spiked with 2.02 1.95 JI
chlorpyrifos(400ppm)+consortium

CD(0.05) 0.140 0.21



The fungal population was maximum in treatment T5 (23 0 x 103 cfu g'1) 

followed by T3 (221.75 x 103 cfu g '*) which received consortium application in 

soil spiked with 400 and 100 ppm chlorpyrifos respectively. The fungal 

population was 18.75 x 103 cfu g in T4 and 12 x 103 cfu g '' in T2. The control 

treatment recorded a fungal count of 10.00 x 103 cfu g _I. The bacterial population 

was maximum in treatment T5 (40.0 x 105), followed by T3 (32.0 xlO5), T2 (27 

xlO5) and T4 and T1 (15xl05). Similarly the Actinomycetes population was 

maximum in the control treatment T1 (5.00 x 103 cfu g'1), followed by T2 (3.5 x 

103 cfu g'1), T5 (3.25 x 103 cfu g l), T4 (3.00 xlO3 cfu g '1) and T3 (2.00 xlO3 

cfu g"1).

The population of chlorpyrifos degraders (M5, M6, M7 and M l7) in the 

rhizosphere of cowpea was estimated. The viable count of M5 {Isaria farinosa) 

was maximum in T5 (99.5 x 103 cfu g '1) followed by T3 (91.0 x 103 cfu g’1). The 

population of M6 (Aspergillus fumigatiis) was maximum in T3 (196. 5 x 103 cfu 

g'1) followed by T5 (152.5 x 103 cfu g'1). The population of M7 (Trichoderma 

viride) and M17 (Penicillium griseofulvum) were maximum in T3 (182 x 103 cfu 

g'1) and T5 which recorded 118.5 x 103 cfu g' 1 and 162.5 x 103 cfu g'1 respectively 

(Table 38).



Table 38. Effect of consortium on population of total soil microflora and chlorpyrifos degraders in
sterilized soil

Treatments Soil microflora cfu g'1 Chlorpyrifos degraders cfu g'1

Bacteria
(xlO5)

■ 
Xs

 
3

s
 l

. Actinomycetes

(xlO3)

Viable count(xl0J)

Ms m 6 m 7 M17

T i-Unspiked soil 15.0 10.00 5.000 0 0 0 0

T2-soil spiked with 

chIorpyryfos( 1 OOppm)

27.0 12.00
3.500

0 0 0 0

Tj-soil spiked with 
chlorpyrifos(l 00ppm)+ 
consortium

32.0 221.75
2.000

91.0 196.5 182.0 182.0

T4- soil spiked with 

chlorpyrifos(400ppm)
15.0 18.75

3.000
0 0 0 0

T5- soil spiked with

chlorpyrifos(400ppm)+
consortium

40.0 230.00
3.250

99.5 152.5 118.5 162.5

CD(0.05) 1.97 3.05 0.515 1.869 2.234 3.079 3.079



Discussion



5. DISCUSSION

Pesticides are key components of pest management practices in intensive 

agriculture which advocates IPM strategy for sustainability. Pesticides will 

continue to be an indispensable tool for the management of pests in the years to 

come, as there is no suitable alternative to replace them totally. Currently, among 

the various groups of pesticides, organophosphates constitute the major group 

accounting for more than 36 percent of the total world market (Kanekar et al.t 

2004). Among the insecticides, monocrotophos, quinalphos, chlorpyrifos, 

malathion and methylparathion top the list of OP insecticides used in India (Anuja 

George, 2005). Chlorpyrifos is one of the dominated broad spectrum 

organophosphorus insecticides inhibiting the neuron function of sucking, chewing 

and boring insects both in crop and soil (Racke et al., 1994). It is reported to have 

a moderately high persistence in soil. The wide use of these pesticides especially 

chlorpyrifos over the years has resulted in environmental pollution, human and 

animal health hazards (Sumit Kumar, 2011). Considering the inherent toxic 

nature of these pesticides it is essential to remove them from the environment 

employing suitable remedial measures. Bioremediation exploiting microbial 

technology is one of the recent techniques for environmental clean-up. In the 

process, heterotrophic microorganisms breakdown hazardous compounds to 

obtain carbon and energy (Singh et al., 2004; Jisha and Ambily, 2012). Many of 

the scientists and research workers have isolated microorganisms from natural 

ecosystem which have the capacity to degrade chlorpyrifos (Mukheijee and 

Gopal, 1996; Mallick et a l 1999; Singh et a l 2003). The possible utilization of 

individual microorganisms (Singh et al, 2004; Khanna and Vidyalakshmi, 2004) 

and microbial consortia for bioremediation of chlorpyrifos in contaminated soil 

has already been reported (Vidya Lakshmi et al., 2008; Sasikala et al., 2012; 

Barathidasan and Reetha, 2013; Hindumathy and Gayathri, 2013).

Eventhough extensive work has been conducted on microbial degradation 

of chlorpyrifos under laboratory conditions, not much attempt has been made so



far to exploit this technology for large scale field application. Hence the present 

programme was designed to isolate microorganisms capable of degradation of 

chlorpyrifos and to develop a consortium for its field level application.

In the present study, microorganisms capable of degradation of 

chlorpyrifos were isolated by enrichment culture technique from identified 

locations with known history of chlorpyrifos use and high level of chlorpyrifos 

residue in soil. Nineteen different isolates comprising eleven bacteria, seven 

fungi and one actinomycete were obtained. All the nineteen isolates were 

subjected to a preliminary screening to assess the ability of isolates to utilize 

chlorpyrifos as the sole source of carbon in 50, 100, 200, 400 and 800 ppm 

concentrations and the population buildup by the isolates was monitored at 7, 15, 

20, 25 and 30 days after inoculation. The growth of 11 bacterial isolates obtained 

was evaluated by measuring their optical density at 660 nm. Out of the 11 

bacterial isolates screened, isolate M10 showed maximum significant growth in 

50, 100, 200, 400 and 800 ppm concentrations compared to other isolates (Fig. 1- 

5). The isolate M10 which recorded maximum growth was selected for 

subsequent studies. The ability of bacteria to utilize chlorpyrifos as the sole 

source of carbon has already been reported in Flavobacterium sp. (Sethunathan 

and Yoshida, 1973), Pseudomonas diminuta (Serdar et al., 1982), Arthrobacter 

sp. (Oshiro et a l , 1996), Enterobacter sp. (Singh et al., 2004) Bacillus 

laterosporus (Wang et al., 2006) Providencia stuartii (Rani et al, 2008) 

Sphingomonas sp., Stenotrophomonas sp., Bacillus sp. Brevundimonas sp. (Li et 

al., 2008) and Bacillus cereus (Liu et al., 2012).

It was interesting to note that the growth of isolates increased with 

increasing concentration of chlorpyrifos. Moreover, the ability of bacterial 

isolates to tolerate and grow at higher concentrations even up to 800 ppm was 

observed. The growth of isolates was maximum around 20-25 days after 

inoculation. An increased growth of isolates observed with increase in 

concentrations may be due to the enhanced carbon level and its utilization. Such
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adaptation of bacteria with increasing concentrations of pesticides has already 

been reported (Rani et al., 2008; Farhan et al., 2013). Farhan et al., 2013 

reported that bacterial isolate Klebsiella showed higher degradation capacity in 

200 ppm chlorpyrifos enriched medium. Similarly Award et a l, (2011) also 

reported that the isolates exhibited substantial growth in mineral salts medium 

supplemented with 100-300 ppm chlorpyrifos. Studies conducted by 

Rani et al., 2008 showed that P. stuartii strain MS09 utilized chlorpyrifos to grow 

in Luria-Bertani broth containing different concentrations of chlorpyrifos at 50 - 

700 mg/1. Due to the reduction of substrate utilization; bacterial population with 

prolonged lag phase was observed during incubation at higher concentrations of 

chlorpyrifos. They also observed a significant increase in bacterial growth with 

increase in concentration of chlorpyrifos. Earlier studies have already established 

that microorganisms possess the ability to tolerate and grow at higher 

concentrations of chlorpyrifos. Similarly, studies by Latifi et al., (2012) reported 

that bacterial isolate coded as IRLM.l was able to grow at concentrations of 

chlorpyrifos up to 2000 ppm. Bhagobaty and Malik, (2008) could isolate four 

bacteria belonging to Pseudomonas sp. that were able to grow and tolerate even 

up to 1600 ppm chlorpyrifos. Ehab et al., (2013) also observed the ability of 

bacterial strain Bacillus subtilis Y242 to utilize chlorpyrifos as a carbon source 

and grow in media containing concentrations up to 150 ppm.

Out of the remaining eight isolates, seven were fungi and one was 

actinomycete. These seven fungal and one actinomycete isolates were also 

subjected to a preliminary screening to assess the population build up in terms of 

total viable count in 50, 100, 200, 400 and 800 ppm concentrations of 

chlorpyrifos at 7, 15, 20, 25 and 30 days after inoculation. In the preliminary 

screening, the fungal isolates, M5, M6, M7 and Ml 7 and the actinomycete isolate, 

M12 recorded significant population buildup compared to Mi l ,  M18 and M19 in 

all the five concentrations tested at different intervals (Fig. 6-10). It is well 

known that fungal and actinomycete isolates are highly versatile organisms with 

ability to metabolize even the most complex polymers (Jones and Hastings, 1981;



De Schrijver and De Mot, 1999). Similar assessment of growth of fungal isolates 

based on population buildup in chlorpyrifos degradation studies has already been 

reported (Abd EI-Mongy and Abd El-Ghany, 2009). Studies have also shown that 

fungi including Trichoderma harzianum, Penicillium vermiculatum and Mucor sp. 

(Jones and Hastings, 1981), Phenerochaete chyrsosporium (Bumpus et ah, 1993) 

Aspergillus sp., Trichoderma sp. (Liu et ah, 2003) and Fusarium sp. (Wang et ah, 

2005) have the ability to degrade different concentrations of chlorpyrifos. A pure 

fungal strain, Acremonium sp. utilized 83.9 per cent chlorpyrifos as a source of 

carbon and nitrogen (Kulshrestha and Kumari, 2011). Maya et al., 2012 isolated 5 

chlorpyrifos degrading fungal isolates such as Aspergillus sp., two Pencillium sp., 

Eurotium sp., Emericella sp. coming under phylum Ascomycota. Silambarasan & 

Abraham, (2013) also obtained an isolate A. terreus JAS1 which could degrade 

300 mg kg'1 chloipyrifos in soil within 24h. Bumpus et ah (1993) reported a 

fungal strain Phanerochaete chtysosporittm which was able to mineralize 

chlorpyrifos. Bending' et al. (2002) could obtain two fungi Hypholoma 

fasciculare and Coriolus versicolor capable of degrading chlorpyrifos in soil bio­

bed after 42 days.

An increase in growth with increase in concentration of chlorpyrifos was 

observed with fungal isolates also. Eventhough the population buildup gradually 

increased with increase in concentration of chlorpyrifos up to 400 ppm, a decrease 

was observed at 800 ppm concentration. The population buildup of isolates, M5, 

M6, M7, M12 and M17 was less in 800 ppm concentration compared to lower 

concentrations. The growth of isolates Mi l ,  M18 and M19 were significantly 

reduced in 800 ppm concentration of chlorpyrifos (Fig. 10). A very high 

concentration usually leads to failure of biodegradation because certain 

microorganisms are not resistant to such high concentrations. The significant 

number of active microbial population depends on resistant level of microbial 

strain and also the chemical nature of material to be degraded (Fang et ah, 2008)
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After preliminary screening, the bacterial isolate, M10 and fungal isolates, 

M5, M6 , M7 and M l7 and actinomycete isolate, M12 were selected for secondary 

screening to confirm their efficiency to grow and degrade 100, 200, 400 and 800 

ppm concentrations o f chlorpyrifos at 7, 15, 20, 25 and 30 days interval. In the 

secondary screening, significant population build up was observed with isolates, 

M5, M6 , M7 and M l7 in all concentrations tested. The bacterial isolate, M10 and 

actinomycete isolate, M 12  was unable to grow even in 100 ppm concentrations of 

chlorpyrifos in the secondary screening (Fig. 11-14). This may be due to the loss 

of ability o f the isolates to tolerate and grow in chlorpyrifos amended medium. 

Another significant observation was that eventhough there was significant colony 

count, the mycelial mat fonnation was comparatively less in chlorpyrifos 

amended medium which is often advantageous for development of liquid 

formulations. Similar results were obtained by Bhalerao and Puranik, (2009) who 

noticed inhibition o f mycelial growth o f A spergillus oryzae in flask with 

increasing concentration o f chlorpyrifos. Similarly, mycelial mat formation was 

found to be reduced in G anoderm a  sp. (Silambarasan and Abraham, 2012) and in 

Aspergillus terreus (Silambarasan and Abraham, 2013).

In the secondary screening, the residue of chlorpyrifos remaining in the 

MSM in 100, 200, 400 and 800 ppm concentrations was also analyzed on 7, 15, 

20, 25 and 30 days after inoculation. In 100 ppm concentration, maximum 

reduction o f chlorpyrifos residue o f 69.3 per cent was recorded by isolate M l7 

followed by 62.3 per cent by M7. The percentage degradation o f chlorpyrifos by 

isolate M l7 gradually increased from 7th day o f inoculation and recorded a 

maximum o f 78.9 per cent on 30th day after inoculation. The isolates M7, M5, 

M6 also gave significant reduction of chlorpyrifos residue of 79.6, 64.2 and 59.8 

per cent respectively compared to 11.3 and 7.6 percent recorded by isolates M12 

and M10 respectively on 30 DAI in 100 ppm concentration. A similar trend was 

also observed in 200, 400 and 800 ppm concentrations (Fig. 15-18). These results 

are in agreement with the findings of Jones and Hastings (1981) who could obtain 

95 to 98 per cent degradation o f 50 ppm chlorpyrifos by a group of forest fungi
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namely Trichoderm a harzianum , Penicillium  verm iculatum , and M ucor  sp. after 

28 days o f incubation. Similar work conducted by Latifi et a l., 2012 has shown 

that when microorganisms were initially exposed to low concentration of 

pesticides, followed by gradual higher concentrations, increase in degradation 

ability could be observed. In his study, 140 ppm was the optimum concentration 

for growth, but with increasing concentration, sufficient growth was observed 

upto 2000 ppm chlorpyrifos which is the highest OP concentration ever reported 

to support growth of microbes. However, the degradation o f chlorpyrifos by M10 

and M12 were significantly reduced in all the higher concentrations at different 

intervals. This may be due to the loss o f ability o f the isolates to tolerate and 

grow at higher concentrations o f chlorpyrifos.

Eventhough growth and degradation o f chlorpyrifos by isolates Ml 7, M6 , 

M5 and M7 was comparatively less in 800 ppm concentration, about 62.3, 61.6, 

60.4 and 60.0 per cent degradation was observed on 7th day after inoculation and 

this trend continued even up to 30 days after inoculation which recorded 63.0, 

62.0, 61.8, and 61.0 per cent by M l 7, M6 , M7 and M5 respectively. In 800 ppm, 

maximum degradation was observed between 20-30 days. Hua et a l ., (2009) also 

obtained similar results wherein maximum degradation o f chlorpyrifos was 

observed on 35th day of inoculation.

Release o f chloride into the medium is often taken as an indirect method 

of measuring chlorpyrifos degradation. Hence in the secondary screening, release 

of chloride into the MSM was also analyzed. Eventhough a slight increase in the 

release of chloride by selected isolates was observed in all the concentrations, the 

data was not statistically significant (Fig. 19-22). Microorganisms transform 

chlorpyrifos co-metabolically in to its metabolite TCP and as TCP contains three 

chlorine atoms at its pyridinol ring, to break this ring, chlorine atom will be 

removed ultimately (Feng e t a l., 1997). Similar reports on release of chloride due 

to cleavage and mineralization o f heterocyclic ring due to activities of
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microorganisms has already been reported (Somasundaram et a l., 1987; Racke et 

a l 1988; Yucheng Feng, 2003; Anuja George, 2005).

After secondary screening, the fungal isolates, M5, M6 , M7 and M17 

which recorded significant population build up in 100,200,400 and 800 ppm 

concentrations and which gave maximum reduction in chlorpyrifos residue were 

selected for further studies.

The selected fungal isolates, M5, M6 , M7 and M l7 were subjected to 

morphological and molecular characterization. The molecular characterization 

study was done in collaboration with Rajiv Gandhi Centre for Biotechnology. 

After BLAST analysis the selected fungal isolates, M5, M6 , M7 and M17 were 

identified as- Is aria fa r in o sa , A spergillus fu m ig a tu s , Trichoderm a viride  and 

Penicillium  griseofulvum  respectively. Construction o f Phylogenetic tree revealed 

the relatedness o f Isaria  to I. fa r in o sa  and I. am oenerosea  sp., A spergillus  to A. 

clavatus and A. fu m ig a tu s , Trichoderm a  to T. viride and T. harzianum, 

Penicillium  to P. coffeae  and P. charlesii. Several species o f the same genera 

obtained in the present study -Aspergillus, Trichoderm a and  Penicillium  have 

already been reported to degrade organophosphorus pesticides. However, the 

degradation efficiency of Isaria  sp. has not been reported earlier. Studies have 

shown that efficient degradation of chlorpyrifos could be obtained using 

A spergillus sp. and Trichoderm a  sp. (Liu et a l., 2003). Strains o f A spergillus  

fla vu s  and A spergillus n iger isolated from soil with previous history of 

chlorpyrifos use were also reported to biomineralise chlorpyrifos in liquid culture 

medium (Swati and Singh, 2002).

With the objective of developing a consortium, the compatibility o f the 

selected isolates was studied by co-culturing in Potato dextrose broth as well as in 

MSM. Significant growth of all the isolates could be obtained in MSM as well as 

in PDB on 7th day of inoculation confirming that they are highly compatible. The 

compatibility of the selected isolates was also ascertained by dual culture
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technique wherein no inhibition was recorded. After assessing the compatibility 

o f all the fungal isolates, a liquid consortium was prepared in MSM medium. The 

concept o f consortium was investigated by many earlier researchers (Anuja 

George, 2005; Khanna and Vidyalakshmi 2004; Macek et al. 2000; Kuiper et al. 

2004; Chaudhry et al. 2005).

Chlorpyrifos is normally degraded to a preliminary metabolite 3,5,6 -  

trichloro-2-pyridinol (TCP) (Macalady and wolfe, 1983) which is further 

degraded to a secondary metabolite 3,5,6 -  trichloro- 2-methoxy pyridine (TMP) 

along with 0,0-diethyl phosphorothionic acid (DETP) which subsequently 

undergoes decomposition to diols and triols and ultimately cleavage of the ring to 

fragmentary products (Smith et al., 1967). Microorganisms play important role 

not only in the degradation o f the parent compound but also in the subsequent 

metabolism of breakdown products. The different pesticide pathways for 

degradation of parent compound and breakdown products or metabolites may not 

be present in a single species. In this context the concept o f the microbial 

consortia becomes relevant. Different individual organisms o f the microbial 

consortium can work in a concerted manner to achieve an effective degradation of 

parent compound as well as the metabolites (Macek et al. 2000; Kuiper et al. 

2004; Chaudhry et al. 2005).

The growth of the individual isolates present in the consortium was also 

enumerated in 50,100,200,400 and 800ppm concentrations on 7th, 15lh, 20th, 25lh 

and 30lh DAI. The total viable count o f all the isolates gradually increased from 

7th day o f inoculation in 100 ppm with maximum growth on 20Ih and 25th day o f 

inoculation. The population buildup of all the isolates gradually increased with 

increase in concentration up to 400 ppm and was reduced considerably at 800 

ppm concentration o f chlorpyrifos (Fig. 23-27). The analysis o f chlorpyrifos 

residue on 25th day revealed that the percentage degradation of chlorpyrifos by the 

consortium attained maximum of 87.6 per cent in 400 ppm concentration followed 

by 83.0 per cent in 200 ppm and 81.7 per cent in 100 ppm concentration (Fig. 28,
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29) . However, the degradation o f chlorpyrifos was reduced to 64.9 per cent in 

800 ppm concentration o f chlorpyrifos. Eventhough significant reduction o f 

growth o f isolates was recorded in 800 ppm, there was sufficient population of 

individual isolates for degradation o f chlorpyrifos and hence around 64.9 per cent 

degradation could be obtained. Jones and Hastings (1981) reported the 

metabolism o f 50-ppm chlorpyrifos in cultures of several forest fungi 

( Trichoderma harzianum, Penicillium vermiculatum, and Mucor sp.) and obtained 

2-5 per cent residue of chlorpyrifos after 28 days. The possible metabolism by 

two lactic acid bacteria {Lactobacillus bulgaricus and Streptococcus 

thermophilus) was reported by Shaker et al. (1988) who observed 72-83 per cent 

loss in chlorpyrifos after 96 h. Havens and Rase (1991) circulated a 0.25 per cent 

aqueous (EC) solution of chlorpyrifos through a packed column containing 

immobilized parathion hydrolase enzyme obtained from Pseudomonas diminuta. 

Approximately 25 per cent of the initial dose was degraded after 3 h of constant 

recirculation through the column. Similar results were also obtained by 

Silambarasan and Abraham (2012) who obtained 50 per cent reduction in 

chlorpyrifos residue by Ganoderma sp. in an aqueous medium.

Significant quantity o f chloride was released in to the medium by the 

consortium in 50, 100, 200, 400 and 800 ppm on 15th, 20th, 25lh and 30th DAI (Fig.

30) . Similar results were reported by Anuja George, (2005) who observed 

significant release of chloride by strain JA15 in chlorpyrifos amended medium.

Another significant observation o f the study was that the degradation 

capacity of the consortium was comparatively higher when compared to 

individual isolates (Fig. 31). The effectiveness o f consortium compared to 

individual isolates in the degradation of chlorpyrifos has been reported by earlier 

workers (Singh et al., 2004, Pino and Penuela 2011, Sasikala et al., 2012). 

Similar results was also reported by Vidya Lakshmi et al., (2008) who 

developed a microbial consortium consisting o f Pseudomonas fluorescence, 

Brucella melitensis, Bacillus subtilis, Bacillus cereus, Klebsiella sp., Serratia



Fig. 29. Percentage degradation o f chlorpyrifos by consortium
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Fig. 30. Release o f chloride in to the medium by consortium at 

different concentrations of chlorpyrifos at different intervals
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Fig. 31. Comparison of degradation o f chlorpyrifos by individual isolates and 
consortium on 25th DAI



m arcescens and P seudom onas aeruginosa  which gave 75-87 per cent 

degradation of chlorpyrifos after 20 days of incubation. Barthidasan and Reetha 

(2013) also found that the bacterial consortium o f P seudom onas sp. and 

Brevibacillus sp. could degrade 81 per cent of chlorpyrifos in the medium. 

Similarly Khanna and Vidyalakshmi (2004) developed microbial consortia, Q1 

and Q2 from chlorpyriphos contaminated sites by selective enrichment with 

degradation efficiency of 72 and 70 per cent respectively. Singh et al. (2006) 

observed that mixed population o f fungi, such as A lternaria  alternata, 

Cephalosporium  sp., Cladosporium  cladosporio ides , C ladorrliinum  brunnescens, 

Fusarium  sp., Rhizoctonia so lani, and Trichoderm a viride, could degrade 

chlorpyrifos in liquid culture more efficiently.

The bioremediation efficiency o f the liquid consortium was evaluated in 

sterilized soil under pot culture conditions with cowpea as the test crop. 

Significant reduction in biometric characters such as plant height, fresh and dry 

weight of plants and roots, nodule number, nodule fresh and dry weight and yield 

were observed due to spiking o f soil with 100 and 400 ppm concentration of 

chlorpyrifos (Fig.32-36). However, application of the consortium to the spiked 

soil improved all the biometric characters including yield o f cowpea at 100 and 

400 ppm levels. In a similar study conducted by Anuja George (2005) in cowpea 

plants, who observed a negative effect on biometric characters due to application 

of chlorpyrifos and enhancement o f biometric characters due to application of 

consortium. The consortium could also give an increased germination per cent of 

97.76 which was statistically on par with the control (99%).

The study conducted by Parween et al. (2011), in Vigna radiata  L. found 

that application o f chlorpyrifos at higher concentrations caused a negative impact 

on plant biometric characters, pigment and yield parameters. At higher 

concentrations, all the growth parameters such as plant height, number of 

branches, number o f leaves per plant, total leaf area and plant biomass were 

remarkably reduced in all the growth phases under study. Similar suppression of



Fig. 32. Effect o f consortium on plant height o f cowpea in sterilized soil
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Fig. 33. Effect of consortium on plant, root and nodule fresh weight o f cowpea in 
sterilized soil



Fig. 34. Effect o f consortium on Nodule number o f cowpea in sterilized soil

Fig. 35. Effect o f consortium on yield of cowpea in sterilized soil



Fig. 36. Effect o f consortium on plant, root and nodule dry weight o f cowpea in 
sterilized soil
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biometric characters was noted by Warabi et al. (2001) who observed retarded 

cell growth and division in soy bean roots, cell elongation and conversion of 

indole-3 acetic acid (I A A) into various photooxidative products under higher 

concentration of applied insecticide. Action of OP pesticides as strong auxin 

antagonists to crops have been reported in terrestrial plants (Tevini and Teramura, 

1989), maize and sugarcane (Luscombe et a l., 1993) and cucumber (Mishra et a l., 

2008). Retardation o f yield attributing characters under high concentration of 

pesticides were observed by other researchers also (Lagana et a l., 2000; 

Nakamura et a l., 2000) which are in confirmation with our result.

In the present study the nodulation o f cowpea was significantly reduced 

due to the toxicity of chlorpyrifos application. However, this toxicity could be 

alleviated by application o f consortium, where nodulation was found to be 

enhanced. Prabakaran and Ramaswamy (1990) reported 67-99 per cent reduction 

of Rhizobium  population due to chlorpyrifos application. Similar studies wherein 

significant inhibition o f nodulation due to chlorpyrifos application were reported 

earlier (Dawson et al., 2001; Rekha, 2005). Higher persistence and slow rate of 

dissipation o f chlorpyrifos may be resulting in the inhibition o f nodulating 

Rhizobia in soil.

In the present study significant reduction o f chlorpyrifos residue in soil 

was recorded in treatments which received consortium application. The 

consortium could reduce residue level o f chlorpyrifos to 65.70 per cent in soil 

spiked with 100 ppm chlorpyrifos and to 45.60 per cent in soil spiked with 400 

ppm chlorpyrifos. (Fig. 37) In a similar study, Anuja George (2005) obtained two 

times greater degradation o f chlorpyrifos in the soil inoculated with bacterial 

isolates (JA-8 or JA-15) compared to uninoculated control. She also observed 

that the rate o f chlorpyrifos degradation was enhanced to 97 per cent due to 

application o f consortium o f the strains JA-8 and JA-15. This may be due to the 

synergistic interaction between the two strains. Similar efficiency o f microbial
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Fig. 37. Percentage reduction o f chlorpyrifos residue in soil by consortium
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consortia in successful degradation o f chlorpyrifos in soil was reported by Khanna 

and Vidyalakshmi (2004).

The colonization o f individual members o f consortium in the rhizosphere 

soil was also monitored. Successful colonization of all the individual members of 

consortium could be obtained in soil spiked with chlorpyrifos at 100 ppm and 400 

ppm concentration along with application of consortium (Fig. 39). Anuja George, 

(2005) also observed that the population of chlorpyrifos degraders in the polluted 

soil was found to increase throughout the period of investigation. This is due to 

the breakdown o f the pesticide and root exudates in rhizosphere which supported 

the multiplication of organisms.

Earlier studies have shown suppressed growth o f bacterial, fungal, and 

actinomycete populations in the presence of chlorpyrifos (Shan et a l., 2006; 

Vischetti et a l., 2007). Since the pot culture experiment was undertaken using 

sterilized soil a correct estimate on the effect of pesticide application on native 

soil microflora could not be obtained. However, the fungal population was 

maximum in treatments T5 and T3 which may be due to the application of 

consortium which comprised of fungal isolates. The bacterial, fungal and 

actinomycete population observed in other treatments may be due to the 

contamination from irrigation water (Fig. 38).

The release o f chloride is often considered as an indirect method of 

measuring chlorpyrifos degradation. In the present study, the release of chloride 

into the soil was also monitored. It was found that 39.28 per cent chloride release 

was recorded in soil spiked with 400 ppm chlorpyrifos and 21.62 per cent in soil 

spiked with 100 ppm chlorpyrifos. Biologically mediated dehalogenation of 

several chlorine-containing pesticides has already been reported earlier (Feng et 

al., 1997; Struthers et al., 1998; Anuja George, 2005).



Fig. 38. Effect of consortium on population of total soil microflora 

in sterilized soil

F ig . 39 . E ffe c t o f  c o n s o r tiu m  o n  p o p u la t io n  o f  c h lo rp y r ifo s  d e g ra d e rs

in sterilized soil



The present investigation facilitated isolation, characterization and 

development of an efficient microbial consortium for degradation of chlorpyrifos 

for in situ bioremediation. The consortium comprised of four efficient fungal 

isolates such as Isaria farinosa, Aspergillus fumigutes, Trichoderma viride and 

Penicillium griseofulvum. The consortium could degrade 65.70 per cent of 100 

ppm and 45.6 per cent of 400 ppm chlorpyrifos in soil. Effective colonization of 

the organisms present in the consortium could also be obtained in the rhizosphere 

of cowpea. Earlier reports of efficient degradation of chlorpyrifos by species of 

Aspergillus, Penicillium and Trichoderma are available. However, the capacity of 

Isaria farinosa to degrade chlorpyrifos has not been reported earlier. Moreover all 

the isolates could degrade chlorpyrifos effectively up to a maximum concentration 

of 800 ppm. Reports of degradation efficiency at such higher concentration is very 

meager. Hence the present study forms a novel approach to exploit 

microorganisms that could effectively degrade chlorpyrifos for bioremediation of 

contaminated soil.

Future Line of Research

• The consortium developed could be further evaluated in cardamom 

plantations where drenching of soil with chlorpyrifos is a routine practice.

• The efficiency of the developed consortium to degrade intermediate 

metabolites such as TCP could be evaluated.

• The effectiveness of consortium to degrade other OP pesticides could also 

be assessed.

• Search for new organisms capable of degradation of intermediary 
metabolites of chlorpyrifos.



Summary



i os

6. SUMMARY

The present programme was envisaged to isolate, characterize and evaluate 

soil microorganisms capable of degradation of chlorpyrifos. The efficient 

microorganisms selected were further used for preparation of consortium and 

evaluation of bioremediation potential in vivo.

As many as nineteen microorganisms comprising eleven bacteria, seven fungi 

and one actinomycete were isolated' from soil samples with high level of 

chlorpyrifos residue , collected from cardamom plantations of Idukki district by 

enrichment culture technique. Isolates capable of utilizing chlorpyrifos as the sole 

source of carbon were selected for subsequent studies.

All the nineteen isolates obtained were subjected to a preliminary screening to 

assess the ability of the isolates to utilize chlorpyrifos as carbon source in 50, 100, 

200, 400 and 800 ppm concentrations at intervals of 7, 15, 20, 25 and 30 days 

after inoculation. The growth of isolates was assessed based on optical density for 

bacteria and total viable count for fungi and actinomycetes at intervals of 7, 15, 

20, 25 and 30 days after inoculation. The isolates which showed significant 

growth in 50, 100, 200, 400 and 800 ppm concentrations at different intervals 

were selected for further studies. Out of the 11 bacterial isolates screened, isolate 

M10 which showed maximum significant growth in 50, 100, 200, 400 and 800 

ppm concentrations was selected for subsequent studies. Out of the remaining 

eight isolates, seven were fungi and one was actinomycete. These seven fungal 

and one actinomycete isolates were also subjected to a preliminary screening to 

assess the population build up in 50, 100, 200, 400 and 800 ppm concentrations of 

chlorpyrifos at 7, 15, 20, 25 and 30 days after inoculation. In the preliminary 

screening, the fungal isolates, M5, M6, M7 and Ml 7 and the actinomycete isolate, 

M12 which recorded significant growth compared to Mi l ,  M18 and M19 in all 

the five concentrations tested at different intervals, were selected for further 

studies.



The isolates which showed significant growth in preliminary screening were 

once again evaluated by secondary screening to assess the ability of the isolates to 

utilize chlorpyrifos as sole carbon source in 100, 200, '400 and 800 ppm 

concentrations at intervals of 7, 15, 20, 25 and 30 days after inoculation. The 

population buildup was assessed based on total viable count and the degradation 

potential of the selected isolates was evaluated by analyzing the residue of 

chlorpyrifos and release of chloride in to the medium. The fungal isolates M5, 

M6, M7 and M17 which recorded maximum population buildup in different 

concentrations of chlorpyrifos and maximum degradation of chlorpyrifos were 

selected for further studies.

The selected fungal isolates (M5, M6, M7 and Ml 7) capable of degrading 

chlorpyrifos were characterized based on morphological and molecular studies. 

The isolates M5, M6, M7 and M17 were identified as Isaria farinosa, Aspergillus 

fumigatus, Trichoderma viride and Penicillium griseofulvum respectively.

With the objective of developing a consortium, the selected fungal isolates 

were co-cultured in Mineral salts medium and Potato dextrose broth and their 

compatibility was studied by assessing the population build up of each of the 

individual isolates of consortium recorded as viable count on 7th DAI. The 

compatibility of the isolates was further confirmed by dual culture technique. All 

the four fungal isolates were tested for antagonism and no inhibition was observed 

between the isolates tested. Since all the isolates (Isaria farinosa, Aspergillus 

fumigatus, Trichoderma viride and Penicillium griseofulvum) were compatible, 

they were used to prepare the liquid consortium.

The ability of the developed consortium to degrade 50, 100, 200, 400 and 800 

ppm concentrations of chlorpyrifos was evaluated under in vitro conditions, at 

intervals of 7, 15, 20, 25 and 30 days after inoculation. Growth of isolates was 

measured by enumerating the total viable count and the degradation potential of 

the consortium was assessed by analyzing the residual chlorpyrifos in the medium
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in GC-MS on 25th day after inoculation. The release of end product, chloride was 

also measured at intervals of 7, 15, 20, 25 and 30 days after inoculation. All the 

fungal isolates present in the consortium - Isaria farinosa, Aspergillus fumigatus, 

Trichoderma viride and Penicillium griseofulvum showed significant colony 

count and degradation of chlorpyrifos and release of chloride on 20-25 days after 

inoculation.

. The bioremediation efficiency of the developed liquid consortium was 

evaluated in sterilized soil under pot culture conditions with cowpea as the test 

crop. Significant reduction in biometric characters such as plant height, fresh and 

dry weight of plants and roots, nodule number, nodule fresh and dry weight and 

yield were observed due to spiking of soil with 100 and 400 ppm of concentration 

of chlorpyrifos. However, application of the developed consortium to the spiked 

soil enhanced all the biometric characters including yield of cowpea at 100 and 

400 ppm levels. Significant reduction of chlorpyrifos residue in soil was recorded 

in treatments which received consortium application. The residue level of 

chlorpyrifos was reduced to 65.70 per cent in soil spiked with 100 ppm 

chlorpyrifos and 45.60 per cent in soil spiked with 400 ppm chlorpyrifos which 

received consortium application. Successful colonization of all the individual 

members of consortium (Isaria farinosa, Aspergillus fumigatus, Trichoderma 

viride and Penicillium griseofulvum) could be obtained in soil spiked with 

chlorpyrifos at 100 and 400 ppm concentration along with application of 

consortium.
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APPENDIX I 

Composition of media used

1. Mineral salts medium (Cullington and Walker, 1999)

Group I

KH2P04 -  2.27 g 

Na2HP04 .12H20  -  5.97 g 

NaCl-l.OOg

Group II

MgS04 . 7H20  -  0.5 g 

CaCl2 . 2H20 -0 .0 1  g 

MnS04 .4 H20  -  0.02 g

Group III 

FeS04- 0.025 g 

Distilled water -  1000 ml 

A g a r-15 g 

pH-6 .9

The first two groups of compounds were autoclaved separately and 

combined when cool. The iron sulphate solution was filter sterilized and added to 

the cool medium.

2. Martin’s rose-bengal agar (Martin, 1950)

Glucose -  10.0 g 

Peptone -  5.0 g 

MgS04 . 7H20  -  0.5 g 

Rose bengal -  0.33 g

k h 2p o 4 -1 g

Distilled water -  1000 ml 

Streptomycin sulphate -  30 mg 

Agar -  20.0 g



Three ml of one per cent solution of streptomycin was added to the medium 

just before pouring into the petriplates.

3. Potato Dextrose Agar

Potato -  200 g 

Dextrose -  20 g 

Agar agar-15 g 

Distilled water -1000 ml

4. Kenknight’s media 

Dextrose -1.0 g 

KH2P0 4 -0.10 g 

NaNO3-O.lOg

KC1- 0.10 g 

MgSO4.7H2O-O.lOg 

Agar- 15.0 g 

Distilled water -  1000 ml 

pH - 7.0

5. Nutrient agar 

Beef extract-3g 

Peptone -  5g

NaCl2- 5g 

A g a r-20 g

Distilled water -  1000 ml
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APPENDIX II

GC-MS Chromatogram of Chlorpyrifos
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ABSTRACT

The present study on “Isolation, characterization and evaluation of soil 

microorganisms for bioremediation of chlorpyrifos”, was conducted in the 

Department of Agricultural Microbiology at College of Agriculture, Vellayani 

during 2012-14, with the objective of isolation, characterization and evaluation of 

microorganisms for chlorpyrifos degradation, development of consortia and 

evaluation of bioremediation potential against chlorpyrifos in vivo. 

Microorganisms capable of degradation of chlorpyrifos were isolated by 

enrichment culture technique from identified locations with high residue levels of 

chlorpyrifos. In all, nineteen isolates comprising eleven bacteria, seven fungi and 

one actinomycete obtained were subjected to a preliminary screening based on the 

ability of isolates to utilize 50,100,200,400 and 800 ppm concentrations of 

chlorpyrifos at intervals of 7, 15, 20, 25, 30 DAI. The six isolates selected (M5, 

M6, M7, M10, M12, M17) were further evaluated for their ability to degrade 

different concentrations of chlorpyrifos based on population build up , analysis of 

chlorpyrifos residue and chloride released into the medium. The fungal isolates, 

M5, M6, M7 and M17 which recorded significant growth in terms of viable count, 

maximum reduction in chlorpyrifos residue and release of chloride were selected 

and subjected to morphological and molecular characterization. The isolates M5, 

M6, M7 and M17 were identified as Isaria farinosa, Aspergillus fumigatus, 

Trichoderma viride and Penicillium griseofulvum respectively.

In order to develop a consortium, the compatibility of the selected fungal 

isolates - M5, M6, M7 and M17 was tested by co-culturing in liquid MSM and by 

dual culture technique. All the fungal isolates were compatible and no inhibition 

could be recorded. A consortium of the four fungal isolates was prepared in liquid 

formulation and its ability to degrade different concentrations of chlorpyrifos was 

studied under in vitro conditions on 25th day of inoculation. The percentage 

degradation of chlorpyrifos by the isolates increased with increase in
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concentrations, but showed a decline at 800 ppm. The percentage degradation of 

chlorpyrifos was higher in consortium compared to individual isolates under in 

vitro conditions.

The developed liquid consortium was evaluated in sterilized soil spiked 

with 100 and 400 ppm concentration of chlorpyrifos with cowpea as the test crop. 

Significant reduction in all biometric characters was observed due to spiking with 

chlorpyrifos at 100 and 400 ppm concentrations. Application of consortium in soil 

spiked with chlorpyrifos enhanced all the biometric characters and reduced the 

residue of chlorpyrifos. The study also established efficient colonization of the 

chlorpyrifos degraders present in the consortium in the rhizosphere of cowpea.
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