
Biodegradation of Dicofol by Pseudomonas strains 

Short 
Communication 

International Journal of Integrative Biology 
A journal for biology beyond borders 

 

ISSN 0973-8363

 
Biodegradation of Dicofol by Pseudomonas strains isolated from tea 

rhizosphere microflora 
 

Soumik Sarkar *, A Satheshkumar, R Premkumar  
 

UPASI-Tea Research Foundation, Tea   Research Institute, Coimbatore, Tamil Nadu, India 
 

Submitted: 11 Dec. 2008; Revised: 16 Mar. 2009; Accepted: 13 Apr. 2008
  

  Abstract 
This study was aimed to determine the degradation potential of Pseudomonas sp. isolated from tea rhizosphere 
towards the pesticide dicofol.  A total number of 13 Pseudomonas strains had been isolated and screened for 
their tolerance level against dicofol concentrations of dicofol (5, 7 and 10 mg/L).  Results indicated that out of 
13 strains, only two strains could tolerate the highest concentration of dicofol.  These two strains were subjected 
to degradation of dicofol at the level of 10 mg /L. Results indicated that   in the presence of glucose, strain no. P9 
and P13 could degrade  dicofol up to 70.0%   and 32.0% respectively  whereas  up to 38.0% and 14.2% in the 
absence of glucose., which  may be due to the role of glucose as an inducer for the growth of the organism. 
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INTRODUCTION INTRODUCTION 
Tea (Camellia sinensis (L) O. Kuntze) is one of the 
major non-alcoholic beverages in the world.  As a 
perennial crop, tea plantations suffer heavily from the 
infestation of several insects and mites.  Pests, 
pathogens and weeds are important factors limiting the 
productivity and quality of tea.  In view of this several 
agrochemicals are continuously used to protect the crop.  
The major environmental concern in the use of the 
pesticides is their capacity to leach from soil and 
contaminate the ground water (Kookana et al., 1998) or 
if immobile, they would persist on the top soil where it 
could accumulate to toxic levels in the soil and become 
harmful to microorganisms, plants, wildlife and man 
(Amakiri, 1982). American Academy of Microbiology 
defined bioremediation as the use of living organisms 
to reduce or eliminate environmental hazards resulting 
from accumulations of toxic chemicals or other 
hazardous wastes.  Bioremediation methods to treat 
xenobiotic compounds like pesticides in soil have 
gained considerable attention due to their 
ecofriendliness. They have been used successfully in 
many countries (Ritmann et al., 1988; Enrica, G.1994).  
Moreover it is one of the most cost effective methods 

compared to physical and chemical remediation 
methods (Saaty and Booth, 1994; Wijesinghe et al., 
1992).  Pseudomonas, Flavobacterium, Arthobacter, 
Xanthobacter are some of the species isolated from soil 
which can degrade pesticides in liquid media (Gossel 
and Bricker, 1994; Greer et al., 1992; Ishaq, et al., 
1994). 
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In tea plantation, dicofol is used to control mites, such 
as red spider, yellow, and pink mites (Muraleedharan et 
al., 2007).  It is highly toxic to aquatic life and can also 
cause egg- shells thinning in some bird species.  In 
mammals, it affects the central nervous system (CNS).  
Dicofol is practically insoluble in water and gets 
adsorbed very strongly to soil particles.  It is therefore 
nearly immobile in soils and unlikely to infiltrate 
groundwater.  Dicofol can enter surface waters when 
soil erosion occurs (Tillman, 1992). 
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It has been reported earlier that dicofol is likely to be 
more persistent in acidic than in neutral or alkaline soil 
or water. Therefore the current study was under taken 
to understand the degradation of dicofol by selected 
microflora which were already exposed to this chemical.  
Pseudomonas sp. was chosen for this study because of 
their capability to degrade various xenobiotic 
compounds (Campbell et al., 1995; Johnsen et al., 1996; 
Kiyohara et al., 1992).  They have been reported to 
degrade aromatic hydrocarbons, oils, petroleum 
products and pesticides and are used for in situ 
bioremediation.  
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MATERIALS AND METHODS 
The pesticide used in the current study was technical 
grade dicofol with purity of 97.3% [α, α, α, 4, 4′-
pentachloro-α-methylbenzhydryl alcohol] obtained 
from Dr. Ehrenstorfer, Germany.  The chemical was 
dissolved in acetone for further studies. In the present 
study, degradation of the parent compound (dicofol) 
only was studied, not its metabolites. The detection and 
quantification limit ranges for dicofol in this study was 
0.01ppm and 0.1ppm respectively.  The average 
recovery percentage at 0.1ppm level was 79.28% in 
culture media. The bacterial culture capable of 
degrading dicofol was isolated by aerobic shake flask 
culture containing  mineral salts medium. The medium 
contained : 200 mg MgSO4, 900mg K2HPO4,200 mg 
KCl,2mg FeSO4, 2mg MnSO4 , 2mg ZnSO4,1000 mg 
NH4NO3/L . It was adjusted to pH 7.0 by 1N HCl and 
sterilized by autoclaving at 121o C for 15 min. This 
medium was inoculated with filtered soil suspension 
(10ml initially and 1ml, in subsequent transfer) derived 
from 10 g tea rhizosphere soil mixed with 150ml 
mineral salts medium. Incubation was done for 48h 
used for each transfer of inoculum at 30-35°C. After 
incubation, soil suspension was serially diluted and 
appropriate dilutions were plated on King’s B agar 
medium  (King et al., 1954) containing dicofol (5 mg/L) 
for isolation. Tolerance levels of the isolates were 
studied in Nutrient agar plates containing different 
concentrations of dicofol (5 mg to 10 mg/L), and the 
isolates showing the highest degree of tolerance were 
stored in nutrient agar slants containing dicofol and 
stored at 4°C.  The growth profile of the selected 
isolates on pesticides amended medium was carried out 
in MSM medium containing dicofol (10 mg/L) and 
observed at every 5 h intervals by using UV-VIS 
spectrophotometer (Specord® S100, Analytic Jena, 
Germany) at 560 nm (OD560). For the degradation study, 
selected isolates were grown on mineral salts medium 
containing 10 mg/L dicofol in 500 ml baffled flask 
containing 200 ml media. MSM media containing 
glucose (200 mg/L) with pesticide was also studied for 
degradation pattern. The cultures were incubated in a 
rotary incubator shaker (150 rpm) at 30-35°C for 24h-
30h. After the incubation period, the cultures were 
centrifuged at 8000 rpm for 15 minutes. After 
separating the organisms, supernatant was poured in a 
125 ml separating funnel and extracted with 50 ml of 
hexane. After partitioning, the extract was evaporated 
to near dryness at 65°C using rotary vacuum evaporator 
and analysed in gas chromatography (HP-5890 series II 
GC) as per the following conditions: Carrier gas 
(nitrogen) flow rate :12.0 ml/min, oven temperature : 
190°C, injector temperature : 200°C, detector 
temperature 220°C. Detector: electron capture detector, 
column used: HP-608(PH ME siloxane wide bore 
capillary 30mx 0.53x0.5µ)  

RESULTS AND DISCUSSION 
A total  of 13 strains had been isolated (denominated as 
PFD1 to PFD13). All the isolates were capable of 
producing fluorescence under UV light. On the basis of 
their  morphological and biochemical characteristics, 
the cultures were confirmed as belong to the genus 
Pseudomonas, according to  Stolp and Gadkari 
(1981).The selected isolates were studied for their 
tolerance level against dicofol. Results indicated that 
out of thirteen selected isolates, two isolates (PFD9 and 
PFD13) were capable of tolerating the highest 
concentration of dicofol, tested in the present study 
(Table 1 [Supplementary data]). The growth profile of 
these two selected isolates showed that the maximum 
growth was achieved after 24-30h of inoculation in 
pesticide amended medium (Fig. 1). 

 
Figure 1: Growth profile of Pseudomonas sp. strains PFD9 (––) and 
PFD 13 (- - -) on dicofol (10 mg /L). O.D.560 
 
The two Pseudomonas strains used in dicofol 
biodegradation study had shown a range of degradation 
capability. Among the two media composition tested, 
mineral salts medium with glucose showed better 
degradation environment towards dicofol than mineral 
salts with pesticide alone. Out of the two strains tested 
for their degradation efficiency, strain no PFD9 showed 
the highest level of degradation followed by PFD13 
(Table 2 [Supplementary data]). Strain number PFD9 
degraded dicofol in glucose amended mineral salts 
medium up to 70.0% in 24h (Fig 2 [Supplementary data]) 
whereas in mineral salts medium its efficiency declined   
to 38.0% (Fig 3 [Supplementary data]). Strain no.PFD13, 
could degrade dicofol up to 32.5% (Fig 4 [Supplementary 
data]) in the presence of glucose but to a mere 14.2% in 
the mineral salts medium(Fig 5 [Supplementary data]). The 
higher degradation capacity in glucose amended 
medium indicated that glucose played an imperative 
role in initial growth of the bacteria as compared to 
control.  It may be due to co-metabolism, where 
addition of easily metabolized organic matter such as 
glucose increases biodegradation of recalcitrant 
compounds that are usually not used as carbon and 
energy sources by microorganisms (Prescott et al., 
2002).  Previous reports suggested the use of glucose as 
co substrate had increased the rate of biodegradation 
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(Swaminathan and Subrahmanyam, 2002; Movahedin 
et al., 2006).  This process is finding widespread 
applications in biodegradation management.  
Degradation of dicofol by isolated tea rhizosphere 
microflora showed that these organisms had adapted to 
this chemical because of repeated applications in field.   
Earlier studies suggested that, many soil applied 
pesticides are degraded more rapidly following 
repeated application at the same site (Racke and Coats, 
1990).   A range of environmental factors such as 
oxygen, temperature are also important for microbial 
growth rates and pesticide degradation (Bending and 
Cruz, 2006).  Pseudomonas is a versatile genus and 
previous reports suggested that this genus could 
degrade a number of chemicals like pesticides 
including carbaryl (Vandana and Phale, 2005), 
malathion (Hashmi et al., 2004), p-nitrophenol and 
parathion (Douglas and Dennis, 1974).  It is widely 
present in soil and can be used to clean up different 
man made xenobiotic compounds. 
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