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Abstract 
The present investigation was carried under field conditions to study the role of entomopathogenic fungi 
in bioremediation of copper in soils of Populus deltoides in Department of Environmental Science, Dr 
YS Parmar University of Horticulture and Forestry, Nauni, Solan during the period 2013-2014. The 
experiment comprised of eleven treatments viz., T1 (No copper), T2 (100 ppm Cu), T3 (200 ppm Cu), T4 
(100 ppm Cu + M. anisopliae, 1x105 condia/ml), T5 (100 ppm Cu + M. anisopliae, 1x106 condia/ml), T6 
(200 ppm Cu + M. anisopliae, 1x105 condia/ml), T7 (200 ppm Cu + M. anisopliae, 1x106 condia/ml), T8 
(100 ppm Cu + B. bassiana, 1 x 105 condia/ml), T9 (100 ppm Cu + B. bassiana, 1x106 condia/ml), T10 
(200 ppm Cu + B. bassiana (1x105 condia/ml), T11 (200 ppm Cu + B. bassiana,1x106 condia/ml). 
Entomopathogenic fungi reduced the copper levels in soil to some extent. Highest percent reduction 
(21.89%) was at T11, Highest percent reduction (35.09) of 100 ppm copper was recorded with M. 
anisopliae, 1x106 condia/ml, whereas, B. bassiana (1x106 condia/ml) recorded highest percent reduction 
(34.05) of 200 ppm copper. There was decrease in protein content of white grub (B. coriacea) with 
treatments and increase in copper content. Percent corrected mortality was highest (65.13) at T5. The 
species was capable of tolerating high concentrations of copper and could be good candidate for planting 
in copper contaminated soils.   
 
Keywords: Bioremediation, copper, white grubs, entomopathogenic fungi 
 
Introduction 
Copper based fungicides are frequently used by farmers, several times per year to control 
fungal diseases (Soares et al. 2006) [24]. Among these copper sulphate, copper oxychloride and 
copper hydroxide are the most frequently used copper fungicides in the world. Low cost 
fertilizers mainly deriving from intensive farming (e.g. pig slurry) which are readily used for 
non food plantations contain high amount of copper (Giardini, 2002) [8]. Though copper is an 
essential micronutrient for plant, acting as a cofactor of enzymes, structural proteins and 
phytohormone receptors however, when present in elevated concentrations it inhibits plant 
growth and development (Xu et al. 2006) [29]. Contamination of soils and ground water with 
copper mainly results from human activities such as smelting, disposal of sewage sludge and 
agricultural practices (Weng et al. 2005) [27].  
Poplar is geographically widespread in various climatic areas and it is adapted to contaminated 
or polluted soils and has the capacity to accumulate heavy metals (Pulford and Watson, 2003) 
[16]. It is being used for the extraction or immobilization (phytostabilization) of heavy metals 
present in polluted sites (Koprivova et al. 2002) [13]. Poplar species are currently grown as cash 
crops for pulpwood and as a renewable energy source (Moffat et al. 2001) [15]. Willow and 
poplar trees are considered best suited for phytoremediation due to their strong nature to 
coppice, their high capacity for metal uptake and high biomass production (Roselli et al. 2003) [20].  
Microorganisms including fungi have been reported to exclude heavy metals from wastewater 
through bioaccumulation and biosorption at low cost and in an ecofriendly way. Many 
entomopathogenic fungi which are biocontrol agents against agricultural insect pests and 
fungal pathogens have potential for removal of heavy metals. In general, copper-based 
fungicides have shown to be less toxic to fungal organisms than non-copper fungicides (Jaros-
Su et al. 1999) [10]. Some copper forms like copper hydroxide and copper oxychloride are less 
toxic to B. bassiana, with respect to reduced fungal growth, sporulation and conidial 
germination are most accumulated by this species (Martins et al. 2012) [14].  
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The entomopathogenic fungus, B. bassiana infects wide range 
of insects and controls several insect pests which are 
responsible for crop losses (Tanada and Kaya 1993) [26]. The 
entomopathogenic fungi are important among all the 
biological control agents due to pathogenicity and their ability 
to control sap sucking pests such as mites and aphids etc. 
(Qazi and Khachaturian 2005) [17].  
In view of above facts, the present study was aimed to 
investigate the role of entomopathogenic fungi in 
bioremediation of copper and combined influence of 
entomopathogenic fungi and copper levels on white grub 
(Brahmina coriacea), which is a major pest of P. deltoides 
seedling. 
 
Material and Methods 
The present study was carried in experimental farm of 
Department of Environmental Science, Dr Y.S. Parmar 
University of Horticulture and Forestry, Nauni, Solan, H.P. 
during 2014-2015. The experiment comprised of eleven 
treatments viz., T1 (No copper), T2 (100 ppm Cu), T3 (200 
ppm Cu), T4 (100 ppm Cu + M. anisopliae, 1x105 conidia/ml), 
T5 (100 ppm Cu + M. anisopliae, 1x106 conidia/ml), T6 ( 200 
ppm Cu + M. anisopliae, 1x105 conidia/ml), T7 (200 ppm Cu 
+ M. anisopliae, 1x106 conidia/ml), T8 (100 ppm Cu + B. 
bassiana, 1x105 conidia/ml), T9 (100 ppm Cu + B. bassiana, 
1x106 conidia/ml), T10 (100 ppm Cu + B. bassiana (1x105 

conidia/ml), T11 (200 ppm Cu + B. bassiana, 1x106 

conidia/ml). The whole set of experiment was laid in four 
replications. The treatments were given every week for four 
(4) months. The effect of higher doses of both the fungi was 
studied on white grub larvae. 
 
Preparation of working concentrations 
The analytical reagent CuSO4.5H2O (M.W. 249.68) was used 
for preparing working concentrations of copper. Required 
amount of the reagent was weighed in milligrams for 1.5 litre 
of water (quantity standardized according to the capacity of 
the soil per pot).  
 
Raising of P. deltoids nursery 
Young cuttings from one yearold cut back stems and branches 
of P. deltoides collected from Department of Silviculture, Dr 
Y.S. Parmar University of Horticulture and Forestry, Nauni, 
Solan, H.P., were planted in pots (capacity 16 kg). The pots 
were filled with planting material i.e. sand, soil and FYM in 
the ratio 1:1:1. The cuttings were irrigated twice a week or as 
per requirement of seedlings or weather conditions by plants. 
The seedlings took approximately one month for the 
establishment.  
 
Raising of cultures of entomopathogenic fungi 
The pure cultures of B. bassiana and M. anisopliae were 
maintained in laboratory on Sabouraud dextrose agar medium 
which consisted of the following ingredients; Peptone (10 g) 
Dextrose (40 g) Yeast extracts (2 g) Agar agar (15 g) Distilled 
water 1litre (Final volume). The medium was prepared as per 
standard procedure. Spores were counted under an electronic 
microscope as per doses for B. bassiana and M. anisopliae i.e. 
1x105 conidia/ml and 1x106 conidia/ml and applied in the pots 
in experiment one for bioremedial studies and also in 
experiment second for their toxicity to white grubs. The 
applications were given periodically thrice at an interval of 
one month. 
 
 

Collection of White grubs 
For studying the impact of higher doses of copper and 
entomopathogenic fungi on white grubs, the second and third 
instar white grubs were collected from potato farm of the 
State Department of Agriculture at Kheradhar District, 
Sirmour (nearby district Solan). White grubs (8 numbers per 
pot) were released in each experimental pot having Populus 
seedlings.  
 
Observations Recorded 
Estimation of copper content in soil 
For estimation of copper in soil, 1 kg of soil sample was 
drawn from each experimental pot from which 0.5 g of 
sample was digested with concentrated HNO3, H2SO4 and 
H2O2 in the ratio of 2:6:6 as per procedure prescribed by 
Saison et al. (2004) [21] and copper was estimated by using 
Inductively Coupled Plasma Atomic Spectrometer (ICP-6300 
DUO) of Thermo Scientific Make and expressed as ppm. 
 
Mortality of white grubs 
The data on mortality of white grub was recorded at the end 
of experiment by counting the number of dead grubs. Percent 
corrected mortality was calculated by applying Abbott’s 
formula (1925) [2]: 
 
Corrected mortality = x100 

 
Where,  x  =  the percent living in check 
  y  =  the percent living in treatment 
 
Estimation of copper content in white grubs 
Copper content in the body of white grub was estimated as 
per the method of Sun et al. (2007) [25]. Cu concentration in 
each sample was detected by Inductively Coupled Plasma 
Atomic Spectrometer (ICP-6300 DUO). The concentrated 
nitric acid and perchloric acid solution were used as blank 
(control). 
 
Estimation of protein content in white grub 
Sample for detection of protein were prepared as per 
A.O.A.C. method (1980) [1]. The absorbance was recorded at 
520 nm against blank reagent of standard protein solution and 
protein content calculated using a standard graph.  
 
Statistical analysis 
The data generated in the study was analysed by using 
standard statistical procedure through CRD (Completely 
Randomized design) as per method described by Cochran and 
Cox (1963) [4]. 
 
Results and Discussion 
The data on impact of entomopathogenic fungi in 
bioremediation of copper is presented in Table 1. A copper 
content of 23.50 ppm was already present in soil. The results 
are in conformity with the findings of Sebastiani et al. (2004) 
[22] who reported that 25.3 ppm of copper was already present 
in soil before its use for studies. In the present investigation 
per cent reduction in copper levels was more where 
entomopathogenic fungi were added as compared to treatment 
and control. The findings are in conformity with the 
observations of Martins et al. (2012) [14] who reported that 
copper hydroxide and copper oxychloride were easily 
solublized, precipitated and accumulated by B.bassiana. In 
other treatments after first application of entomopathogenic 
fungi, reduction from 31.00 ppm in T5 to 47.25 ppm in 
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treatment T3 was recorded. A decrease in copper content was 
observed in treatment where entomopathogenic fungi were 
applied in comparison to treatment with copper alone. In 
treatment T2 copper content was 45.25 ppm which reduced to 
44.00 ppm at T4, 31.50 ppm at T5, 37.75 ppm at T8, 34.00 ppm 
at T9 where first application of entomopathogenic fungi was 
applied in soil. Whereas, at T3 copper content 47.25 ppm was 
recorded which reduced to 43.25 ppm at T6, 43.00 ppm at T7, 
39 ppm at T10, 34.25 ppm at T11. After second application per 
cent reduction of 1.05, 0.00, 4.23 was recorded at T1, T2, T3 
over first application i.e. 23.50 ppm, 45.25 ppm, respectively, 
whereas in T4, T5, T8 and T9 where first and second dose of 
M. anisopliae and B. bassiana was applied the percent 
reduction in copper after second application over first 
application was 13.06, 13.49, 13.24 and 15.44 per cent, 
respectively. In treatment where first and second dose of M. 
anisopliae and B.bassiana was applied along with 200 ppm 
copper, the percent reduction was 10.98, 15.60, and 21.89 per 
cent, respectively. As compared to their respective control, 
entomopathogenic fungi reduced the copper levels in soil to 
some extent. Highest percent reduction (21.89%) was at T11 
(200 ppm Cu + B. bassiana, 1x106 conidia/ml). The present 
results are also in conformity with the findings obtained by 
Joseph et al. (2012) [11] who reported that due to the vast 
ability of B. bassiana to transform toxic metals using different 
immobilization mechanisms it could be used for 
bioremediation of contaminated soils or for green synthesis of 
chemicals for industrial applications. In their study B. 
bassiana proved highly resistant to copper concentrations up 
to 20g/L. Joshi et al. (2011) [12] reported the potential use of 
some fungal isolates viz., P. chrysosporium, Aspergillus 
awamori, A. flavus and T. viride as biosorbent for removal of 
heavy metals viz., Pb, Cd, Cr and Ni from wastewater and 
industrial effluents containing higher concentration. Smrithi 
and Usha (2012) [23] also reported the capacity of Bacillus spp. 
to remove Cu from tannery effluents. In the study reduction of 
copper content by entomopathogenic fungi was more at 
higher concentration. They also reported increased metal 
removing capacity with increase in concentration of metals. 
Present studies are also supported by the findings of Fomina 
et al. (2004) [7] who reported the ability of entomopathogenic 
fungi B. caledonica to tolerate toxic metals viz., Cd, Cu, Pb 
and Zn converting them into oxalates which were precipitated 
by fungal strains. 
The data presented in Table 1a shows the bioremediation of 
100 ppm copper by M. anisopliae and B. bassiana (higher and 
lower dose). Highest percent reduction 35.09 was recorded at 
T5 (100 ppm Cu + M. anisopliae, 1x106 conidia/ml) where 
higher dose of M. anisopliae was used. Percent reduction in 
T4 over control was 8.57, whereas, B. bassiana higher dose 
reduced 100 ppm copper by 30.12 per cent as compared to its 
lower dose (T8) where percent reduction was 22.00. The study 
on per cent reduction in content of 200 ppm copper by 
M.anisopliae and B.bassiana (higher and lower dose) showed 
highest percent reduction i.e. 34.05 in 200 ppm copper level 
where higher dose of B.bassiana was applied in comparison 
to T10 where percent reduction was 23.24 where lower dose of 
B.bassiana was used. Whereas, M. anisopliae lower and 
higher doses reduced 200 ppm copper level by 11.63 per cent 
(T6) and 14.30 per cent (T7), respectively.  
The data pertaining to copper content and protein content in 
the body of white grubs (Brahmina coriacea) infesting P. 
deltoides grown in contaminated soil and corrected per cent 

mortality of white grub is presented in Table 2. Copper 
content of 0.06 ppm was present in the body of white grubs at 
treatment T1 where copper was not applied, which differed 
statistically from all other treatments. Other than control, 
treatment T6 showed lowest copper content of 0.49 ppm 
which was statistically at par with T4 (0.73 ppm) and differed 
statistically from T2 (0.90 ppm). The present findings are in 
conformity with the findings of Alhassn (2009) [3] who while 
studying the proximate composition of white grubs reported 
0.20 mg/kg copper in the grub body. Apart from control 
copper concentration in larval body ranged from 0.49 ppm to 
2.64 ppm, highest concentration being at 200 ppm copper. 
Whereas, at 100 ppm copper the copper content was 0.90 
ppm. The treatments T3, T5 and T7 were statistically at par 
with each other having 2.64 ppm, 2.51 ppm and 2.47 ppm 
copper content respectively. With addition of 
entomopathogenic fungi decrease in accumulation of copper 
in the body of white grub was observed. Similar findings were 
obtained by Gintenreiter et al. (1993) [9] who reported 
increase in cadmium content in the larval body of gypsy moth 
(Lymantria dispar ) which reached much higher levels as 
compared to levels in food. Qiang et al. (2008) [19] also 
reported accumulation of zinc in different tissues of S. litura 
larvae which increased with the increasing zinc dose in 
artificial diet. Present findings are also in confirmation with 
the findings of Xia et al. (2007) [28] who reported nickel 
accumulation in the sixth instar larvae of S. litura within a 
generation which increased with the increase of the nickel 
dose in the artificial diet. Qiang et al. (2005) [18] reported 
accumulation of zinc in the larval hemolymph and fat body of 
S. litura which was a dose-dependent relationship. 
Highest protein content of 11.65 per cent was recorded in 
treatment T1 (No copper) (Table 2). Statistically, no difference 
in protein content was recorded in treatments T2 (8.30%) and 
T4 (8.08%). Lowest protein content of 4.55 per cent was 
recorded at treatment T7 (200 ppm Cu + B. bassiana, 1x106 

conidia/ml) which differed statistically from other treatments. 
The present observations are close to the findings of Alhassan 
(2009) [3] who reported 12.75 percent protein in the body of 
white grubs while studying proximate composition of white 
grub. El-Sheikh et al. (2010) [6] reported a significant decrease 
in total carbohydrate content and total lipid content in the 
whole body of males and females of Culex pipens when 
exposed to CdCl2 and CuSO4 and they further reported that 
presence of heavy metals in environment system of mosquito 
would contribute to reduction of mosquito breeding. 
Similarly, in the present studies,exposure to high levels of 
copper caused reduction in protein content of white grub 
larvae, which may contribute in the management of pest. 
Under natural conditions18.05 per cent grub mortality was 
recorded in T1 (No copper) (Table 2). Highest per cent 
mortality (71.62) was recorded at T5 (200 ppm Cu + M. 
anisopliae, 1x106 conidia/ml) which was statistically at par 
with T4 (69.50%), T7 (68.75%) and T6 (66.62%) followed by 
T3 (62.50%). The percent corrected mortality was highest 
(65.13%) at T5 (200 ppm Cu + M. anisopliae, 1x106 

conidia/ml) which was statistically at par with T4 (62.64%) 
and T7 (61.79%). Whereas, lowest percent corrected mortality 
(50.11%) was recorded at T2 (100 ppm Cu). The present 
investigations were similar to the findings of Dhoj et al. 
(2003) [5] who reported significantly higher mortality and 
infection percentage of white grub by M. anisopliae and B. 
bassiana. 
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Table 1: Bioremediation of copper by entomopathogenic fungi 
 

Treatment 
Cu in soil (ppm) after 1st 

application 
Cu in soil (ppm) after 2nd 

application 
Percent 

*reduction 
T1(No copper) 23.75 23.50 1.05 
T2(100ppm Cu) 45.25 45.25 0.00 
T3(200ppm Cu) 47.25 45.25 4.23 

T4(100ppm Cu+M.anisopliae,1x105conidia/ml) 44.00 38.75 13.06 
T5(100ppm Cu+M.anisopliae,1x106conidia/ml) 31.50 27.25 10.98 
T6(200ppmCu+M.anisopliae,1x105conidia/ml) 43.25 38.50 15.60 
T7(200ppmCu+M.anisopliae,1x106conidia/ml) 43.00 36.25 13.24 
T8(100ppmCu+B.bassiana, 1x105conidia/ml) 37.75 32.75 15.44 
T9(100ppmCu+B.bassiana, 1x106conidia/ml) 34.00 28.75 17.94 
T10(200ppmCu+B.bassiana, 1x105conidia/ml) 39.00 32.00 7.69 
T11(200ppmCu+B.bassiana, 1x106conidia/ml) 34.75 26.75 21.89 

Mean 36.59 32.93  
*Per cent reduction in second treatment over first treatment. 

 
Table 1a: Bioremediation of copper by entomopathogenic fungi 

 

Treatments 
Bioremediation of 100 ppm Bioremediation of 200 ppm 

Cu content in soil % Reduction over control Cu content in soil % Reduction over control
T2(100ppmCu) 45.25 - 45.25 - 

T4(100ppmCu+M.anisopliae,1x105conidia/ml) 38.75 8.57 38.50 11.63
T5(100ppmCu+M.anisopliae,1x106conidia/ml) 27.75 35.09 36.25 14.33 
T8(100ppmCu+B.bassiana, 1x105conidia/ml) 32.75 22.09 32.00 23.24 
T9(100ppmCu+B.bassiana, 1x106conidia/ml) 28.75 30.12 26.75 34.05 

 
Table 2: Copper and protein content in white grub and effect on larval mortality 

 

Treatment 
Cu content 

(ppm) 
Protein in white grub 

(%) 
Percent larval 

Mortality
Corrected percent mortality 

(%) 
T1(No copper) 0.06 11.65(3.55) 18.50(25.42) 0.00(0.00) 
T2(100ppmCu) 0.90 8.30(3.05) 59.37(50.40) 50.11(45.03) 
T3(200ppmCu) 2.64 5.32(2.51) 62.50(52.34) 53.80(47.24) 

T4(100ppmCu+M.anisopliae) 0.73 8.08(3.01) 69.50(56.49) 62.64(52.32) 
T5(200ppmCu+M.anisopliae) 2.51 4.91(2.43) 71.62(57.83) 65.13(53.82) 
T6(100ppmCu+B.bassiana ) 0.49 7.04(2.83) 66.62(54.70) 59.06(50.21)
T7(200ppmCu+B.bassiana ) 2.47 4.55(2.35) 68.75(56.09) 61.79(51.86) 

CD(0.05) 0.27 0.15 5.37 6.09 
 

Conclusion 
As compared to their respective control, entomopathogenic 
fungi reduced the copper levels in soil to some extent. Highest 
percent reduction (21.89%) was at T11 (200 ppm Cu + B. 
bassiana, 1x106 conidia/ml). Highest percent reduction 
(35.09) of 100 ppm copper was recorded with M. anisopliae, 
1x106 conidia/ml, whereas, B. bassiana (1x106 conidia/ml) 
recorded highest percent reduction (34.05) of 200 ppm 
copper. Statistically highest protein content (11.65%) was 
recorded at T1 (No copper) and lowest at T7 (4.55%). Highest 
content of 2.64 ppm was recorded in T3 (200 ppm Cu) and 
lowest 0.73 ppm in T4. Percent corrected mortality was 
highest (65.13) at T5 (200 ppm Cu + M. anisopliae, 1x106 

conidia/ml) and lowest (50.11%) at T2 (100 ppm Cu) 
indicating that, M. anisopliae added to the mortality effect to 
white grubs. The percent mortality data against B. coriacea 
due to copper alone and along with entomopathogenic fungi 
indicates the toxicity of high levels of copper to insects and 
use of entomopathogenic fungi for control of white grubs. The 
reduction in protein content of white grub in response to 
copper levels in soil would also contribute to its management. 
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