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ABSTRACT     In India, organophosphorus insecticides like Chlorpyrifos, Ethion, Parathion, Dichlorvos etc. are 
widely employed for plant protection against insect pests. These pesticides are mainly responsible for contamination 
and deterioration of soil and ground water particularly in close vanity of agricultural fields.While natural degradation 
of these pesticides is done by using chemical reactions which is laborious, time consuming and costly, an alternative 
method is to degrade these pesticides by microbial action.Hence the present study was conducted to assess the 
biodegradability of the pesticide chlorpyrifos using some fungi isolated from the present system.The highest degradable 
ability of pesticide at all concentrations was shown by Trichoderma viride. The decreasing order in terms of percentage 
degradation of pesticides was Trichoderma viride>Penicillium funiculosum>Aspergillus flavus>Fusarium 
oxysporum>Rhizopus arrhizus>Acremonium strictum. A further perusal of the table reveals that with increasing levels 
of pesticide concentrations, the percentage degradation also started decreasing. 
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1.  INTRODUCTION 
Pesticides are a large and varied group of substances that are specifically designed to kill biological 
organisms including weeds, insects and rodents (Rani and Dhania, 2014). India is the largest consumer of 
pesticides among South Asian countries where the maximum consumption of pesticides is used for cotton 
crops (Rohila and Salar, 2012). In India about 99% o pesticides are imported in bulk and concentrated form, 
which are diluted and mixed with other chemicals by local manufacturers to obtain the formulation desired 
for local conditions (BenilaSmily, 2017). However, many of these compounds are persistent in nature as 
they remain in soil and sediments and then enter the food chain or percolate to the water table and then 
enter wells causing serious health problems to many organisms including man (Rohila and Salar, 2012). 
The positive aspects of application of pesticides renders enhanced crop/food productivity and drastic 
reduction of vector borne diseases (Damalas, 2009; Agrawal et al., 2010). However, their low degradability 
has resulted in classifying these chemicals as persistent toxic substance (Tayadeet al., 2013). Nevertheless, it 
has been reported that about one-third of the worlds agricultural production is lost every year due to pests 
despite the use of pesticide consumption which is more than two million tonnes (Rani and Dhania, 2014). In 
India, pests cause a crop loos of more than Rs.6000 crores annually, of which 33% is due to weeds, 26% by 
diseases, 20% by insects, 10% by birds and rodents and the remaining 11% due to other factors (Rajendran, 
2008). 
In India, organophosphorus insecticides like Chlorpyrifos, Ethion, Parathion, Dichlorvos etc. are widely 
employed for plant protection against insect pests (Harish et al., 2013). These pesticides are mainly 
responsible for contamination and deterioration of soil and ground water particularly in close vanity of 
agricultural fields. Their over use can lead to serious problems to environment as well as human health and 
hence it is necessary to degrade these pollutants before they become a threat to other organisms.  
While natural degradation of these pesticides is done by using chemical reactions which is laborious, time 
consuming and costly, an alternative method is to degrade these pesticides by microbial action (BenilaSmily, 
2017). Biodegradation that involves the capabilities of microorganisms in he removal of pollutants is the 
most promising, relatively efficient and cost-effective technology today (Sangeetha et al., 2016). Hence the 
present study was conducted to assess the biodegradability of the pesticide chlorpyrifos using some fungi 
isolated from the present system. 
 

2. MATERIALS AND METHODS 
Collection of Sediment Samples: The study area is situated in Kovilacheri Pond, KumbakonamTaluk, 
ThanjavurDistrict, TamilNadu, India. The present investigation was carried out by the collection and 
examination of sediment samples from the Kovilacheri Pond. 
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Sediment samples were collected from Kovilacheri pond. The sediment samples were collected from grids 
defined by 8 columns and 5 rows. The width of the column and rows were 8 m and 10 m respectively. The 
sediment samples were taken as cubes to a depth of 20 cm, and the other two dimensions were 20 cm; thus, 
the sampled spaces were 8000 cm³. In each grid, two sediment cubes were taken. The cubes were one meter 
apart from each other, and the midpoint was the centre of the grid.  
 The sediment cubes were immediately placed in a plastic bag, mixed and passed through a 2 mm sieve, 
brought to the laboratory and stored at 4ºC, and then used for microbial analysis within 12 hr of the 
sampling.  
Isolation of Soil Fungi: The sediment sample was serially diluted using distilled water. One ml of the 
diluted sample (103 and 104 dilution) was poured in to sterile Petri plates containing potato dextrose agar 
medium (PDA). The plates were incubated at room temperature (27±2º C) for 7 days. Three replicates were 
maintained for each sample. After incubation period, the mycelial growth was observed on PD agar plates 
then the organism was identified by using standard methods (Walksman, 1922).   
Effect of Pesticide:The mycelia plugs of isolated fungi were inoculated in to potato dextrose agar medium 
along with different concentrations of pesticide, Chlorpyrifos 0.4 ml/100 ml and control also maintained. 
The plates were incubated at 27º C for 14 days. After incubation, the mycelia mat was harvested, weighed 
using an electronic balance and to find out the wet weight of the fungal mycelium. Wet biomass of the fungal 
mycelium is accounted as the growth of parameter of the fungi. From the duplicate values, the mean value 
were derived and recorded. Growth of the fungal isolates was calculated with the following formula: 
 
 
 
where,  
W2= Wet weight of mycelium in control   
W1= Wet weight of mycelium in pesticide utilization trails. 
FishAssay:Healthy(100.5g) fish were brought to the laboratory from the fresh water 
lake.Thefishwereacclimatizedtothelaboratoryenvironmentforabout5days.Theywereregularlyfedwithcomme
rcialfoodpelletsandgivenaeration.Feedingwasstoppedbefore24hoursofthecommencementofthetest.After24h
ours,apairoffishwasaddedintoaquaria.Onlyhealthyfishwereusedintheexperiments.Fishwereexposedinonelitr
eglassaquariacontaining100mg/lofpesticidesandinotheraquariacontainingpesticidesresidue(1:1).Regular 
feed was given to fishes and oxygen supply was maintained with miniaerat or 
pumps.Thebehavioroffisheswasobservedcloselyforthefirstfivehoursandlaterextendedupto3days.This would 
give an idea aboutmortalityandtoleranceinthetestspeciesoffishes. 
 

3. RESULTS AND DISCUSSION 
The results of the pesticide degradation using various concentrations by the different fungi are presented in 
Table-1. As evident from the table, all the fungi chosen in the present study degraded pesticides albeit at 
different levels. A closer perusal of the table reveals that at 25 mg/l pesticide levels, the highest degradation 
was shown by Trichodermviride (78.6%) followed by Penicillium funiculosum which showed 71.4% 
degradation. The lowest percentage of degradation was shown by Rhizopus arrhizus (59.40%) and 
Acremonium strictum (56.4%) respectively. 
The pesticide degradation at various concentrations of 50, 100 and 150 mg/l also showed similar results. 
Thus, the highest degradable ability of pesticide at all concentrations was shown by Trichoderma viride. The 
decreasing order in terms of percentage degradation of pesticides was Trichoderma viride>Penicillium 
funiculosum>Aspergillus flavus>Fusarium oxysporum>Rhizopus arrhizus>Acremonium strictum. A further 
perusal of the table reveals that with increasing levels of pesticide concentrations, the percentage 
degradation also started decreasing. 
A perusal of literature reveals that BenilaSmily (2017) while monitoring the pesticide degradation of 
Chlorpyrifos also reported the maximum degradation to the fungi. Trichodermviride and the lowest by 
Rhizopus stolonifera. In addition, she also suggested that as pesticide concentration increased, the ability of 
the fungi to degrade also decreases. Both these points appeared to be true in the present study also. Thus, it 
is clear that the ability of the microbes to degrade pesticides varies from one species to another and it is also 
dependent on the concentration of pesticides. Similar observations were also noticed by other workers 
(Berchtoldet al., 1995; Pesce and Wunderlin, 1997; Jilani and Khan, 2006). 
Literature also reveals that degradation of pesticides can also take place at high concentrations. Harish et al. 
(2013) while studying the degradation of pesticides reported that Trichodermharzianum degraded 
chloropyrofos better than other fungi. They suggested that the fungi could grow in high concentrations of 
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chloropyrofos by utilizing it as a carbon source. Various workers (Ghisalbaet al. 1987;BenilaSmily, 2017) 
have reported that microbes use various pesticides like diazinon, ethion, parathion, malathion etc. as a 
carbon source. In the presentstudy also, the fungi would have used he pesticide under study as a carbon 
source for its metabolism. 
The results of COD of the pesticide microbial degraded residues are presented in Table-2. The table clearly 
indicates that there was a strong positive correlation between COD removal and pesticide degradation rates 
at all concentrations however at varying levels. 
As to varying levels of fungal degradation literature reveals that fungal development and growth requires a 
variety of inorganic and organic nutrients in the medium of which carbon is one of the most important 
elements for microbial growth as carbon compounds provide energy for cell growth and serve as the basic 
unit for building cell materials (Alvarenga da Silva et al., 2013). In addition, nitrogen and other elements like 
hydrogen, oxygen and phosphorus also essential (Pelczaret al., 1997). Thus, fungal growth in the presence of 
pesticides may indicate fungal tolerance to the pesticide toxicity, pesticide metabolism as a mechanism of 
defence of the microorganisms to eliminate the xenobiotic compound or even pesticide use as source of 
nutrient for fungal growth (Alvarenga da Silvaet al., 2013). 
The results of the present study clearly indicate that the fungi especially T. virideand P. funiculosum can be 
used as a candidate species in degrading the pollutant chlorpyrifos used for organophosphate insecticides 
and pesticides. 
The toxicity of the pesticide chlorpyrifos to fish and its behaviour to degraded residual liquid and pure 
pesticide is presented in Table-1. In the degraded residual liquid during the next 30 minutes, the fishes 
appeared to be disturbed as they showed increased activity by swimming fast while in the pure pesticide 
sample fishes had intense swimming activity, followed by jumping in water and very high opercular 
movements. 
At the first hour, fishes in the degraded residual liquid appeared to stay in a place with decreased 
movements while in the pure pesticide sample, many appear to show gulping movements at the surface of 
water an some had lost the ability to swim. Death had also started, the mortality rate being 80%. In the pure 
medium 50% of mortality had occur. 
After two hours, many fishes were found with some movements but most of the fish were in the water 
surface gulping for air. However, between 2 and 2½ hours 60% of the fishes died in the degrade pesticide 
medium and remaining 20% died within the 3 hours. 

Table-1: Chemical oxygen demand of Chlorpyrifos using fungal degrade residues and control after 
periodic day’s intervals 
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Table-2: GC-ECD analysis of Chlorpyrifos in microbial degraded residues 
Pesticide 
Concentration 
(mg/l)  

MO Area of  
Sample 

Area of  
Standard 

Dilute  
Factor 

Concentration  
(mg/l) 

Degradation  
(%) 

25 Control 27.06 210 300 2.60 0.00 
Rhizopus arrhizus 86.40 188 1000 3.00 59.40 
Fusarium oxysporum   72.60 220 200 4.70 63.00 
Trichoderm viride 160.40 189 200 6.10 78.60 
Aspergillus flavus 78.40 240 500 7.20 68.40 
Penicillium funiculosum 102.80 280 100 6.20 71.40 
Acremonium strictum 88.40 210 100 5.80 0.00 

50 Control 38.06 220 500 1.06 56.40 
Rhizopus arrhizus 72.60 260 150 1.04 58.68 
Fusarium oxysporum   84.60 320 100 1.72 62.72 
Trichoderm viride 178.40 240 200 1.82 76.40 
Aspergillus flavus 80.60 310 400 2.33 64.20 
Penicillium funiculosum 70.60 110 500 2.00 68.20 
Acremonium strictum 185.70 224 1000 1.00 54.60 

100 Control 36.04 178 200 6.52 0.00 
Rhizopus arrhizus 120.60 180 150 5.24 58.45 
Fusarium oxysporum   140.00 210 150 6.06 62.60 
Trichoderm viride 180.40 240 200 7.27 75.40 
Aspergillus flavus 160.60 310 100 6.06 64.06 
Penicillium funiculosum 180.40 320 1000 7.07 65.60 
Acremonium strictum 172.60 280 500 6.36 52.40 

150 Control 38.08 180 300 6.80 0.00 
Rhizopus arrhizus 84.60 280 500 5.62 51.90 
Fusarium oxysporum   78.70 320 300 7.84 58.48 
Trichoderm viride 98.60 300 500 5.82 72.06 
Aspergillus flavus 102.70 280 500 7.24 60.14 
Penicillium funiculosum 87.80 210 500 6.30 64.80 
Acremonium strictum 86.40 220 1000 7.42 51.60 

 

Table-3: Effect of pesticide sand their degradedresidue on fish mortality 

Pesticides 
Time 

(Min.) 
Degradedresidualliquid 

(1:1) 
PurePesticides 

(100mg/l) 

Chlorpyrifos 

30min. Fish was very much disturbed and  
very fast movement 

Fish stressed and making come  
out of water. Two fish dead after 30 
minutes 

60min. Fish was very unstable and no 
movements was observed 

Very unstable and immediately tried 
to reach the surface of water. Five 
fishes died after 50 minutes 

120min. Suffocation occur, floatation on to 
surface of the water, movements are 
very much decreased 

50% of the fishes died after 65 
minutes 

140 min Survival rated was increased and 
fishes gathered near the aerator  
and died nearly 60% of the fishes 
while 20% of the fishes 
 resist upto 3 hours 

80% of the fishes died. 
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