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ABSTRACT 
This work has been conducted to study the possibility of making use of fungi 
for degrading insecticide-carbofuran. Trichoderma spp. were showed highly 
potentiality to metabolize carbofuran (200 mg/ kg) to 3-ketocarbofuran in soil as 
a sole carbon and energy source within 14 days. Carbofuran and its main 
metabolite were analyzed by high performance liquid chromatography (HPLC).  
Studies on biodegradation in the soil showed that 81.5 % and 86 % of 
carbofuran degraded within 14 days of incubation by T. harzianum and T. viride 
strains, respectively. The lowest dose of gamma irradiation 0.25 KGy enhanced 
the mycelial dry weight by 22.8 % and 16.2 % for T. harzianum and T. viride 
strains, respectively. This indicated that the isolates of Trichoderma spp. were 
potentially useful for carbofuran bioremediation. 
Keywords, Carbofuran; Trichoderma harzianum; Trichoderma viride; 

biodegradation; gamma-irradiation. 
 

INTRODUCTION 

Pesticides are widely used to control pests attack food crops. They must 
persist long enough to control biological targets, but should not become a 
pollution problem [1]. Pesticides can be broadly classified into four groups i.e., 
organochlorine, organo-phosphorous, carbamides and Pyrethroid. Carbamates 
affect the nervous system by disrupting an enzyme that regulates acetylcholine, 
a neurotransmitter [2]. Carbofuran (2,3-dihydro-2,2-dimethylbenzofuran-7-
ylmethyl carbamate),a broad-spectrum carbamate pesticide, has been used 
extensively in agriculture as a soil-incorporated N-methylcarbamate insecticide-
nematicide to control a variety of insect pests of crops including canola, corn, 
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alfalfa, potatoes and strawberries [1,3]. Carbofuran is of environmental concern 
because it is soluble in water and highly mobile in soil, resulting in a high 
potential for groundwater contamination [4]. Continuous use of carbofuran as 
insecticide may subsequently exacerbate the risk of contamination of the soil 
and groundwater; thus, the removal of carbofuran is necessary [5]. 

Antagonistic Trichoderma species are considered promising biological 
control agents against numerous phtopathogenic fungi. Results from different 
studies showed that several strains of Trichoderma exerted significant reducing 
effects on plant diseases caused by pathogens such as R. solani, S. rolfsii, 
Pythium aphanidermatium, Fusarium oxysporum, F. culmorum and 
Gaeumannomyces graminis under greenhouse and field conditions [6, 7]. 
Isolates of Trichoderma spp. can produce lytic enzymes [8] and antifungal 
antibiotics [9, 10, 11]. Recently a strain of Trichoderma harzianum has been 
shown to degrade carbofuran [12] and organochlorines through an oxidative 
system [13]. 

Studies on microbial degradation are useful in the development of 
bioremediation strategies for the detoxification of these insecticides by 
microorganisms. Bioremediation is defined as the process whereby organic 
wastes are biologically degraded under controlled conditions to an innocuous 
state, or to levels below concentration limits established by regulatory 
authorities [14]. Microbial degradation is considered to be a major factor 
determining the fate of carbofuran and other carbamate insecticides in the 
environment. A number of isolates capable of carrying out some form of 
degradation of carbofuran have been isolated from soils and several fungi are 
have been isolated and studied, including Aspergillus niger [15], Fusarium 
graminearum [16], Mucor ramannianus [17] and Gliocladium sp. [18]. Also, 
several bacterial are represented; including Pseudomonas sp. [19, 20], 
Flavobacterium [21], Arthrobacter sp. [22] and Sphingomonas sp. [23]. 

Previous studies have shown that relatively low dose of ionizing 
radiation on microorganisms is responsible of accelerated enzyme activity [24]. 
The lowest dose of gamma irradiation (1 MCi for 10 min) enhanced three 
isolates of Aspergillus niger investigated to produce more biomass and 
polygalactronase, pectinmethylglacturonase, cellulase and protease [25]. 
Trichoderma harzianum, T. viride and T. knoingii irradiated with 0.5 KGy 
dosage resulted in the highest percentage of pathogen growth reduction by 
producing highly active exo-enzymes [26]. The two thermophilic isolates 
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Streptomyces albaduncus and S. erythogresius were exposed to increasing doses 
of gamma radiation up to 5 KGy. All radiation doses used did not affect the 
physiological properties, but relativity higher doses enhanced the utilization of 
carbon sources and increased their sodium chloride tolerance from 8 to 10%. 
Dose level of 2 KGy enhanced the antimicrobial activity of both isolates either 
at first or second generation against bacteria, moulds and yeasts among them 
[27]. The low doses of gamma ray (10 and 20 Gy) significantly increased the 
alcohol-dehydrogenase enzyme activity of Saccharomyces cerevisiae [28]. 

The purpose of the present work is to isolate fungal strains, characterize 
their degradation potential and their use in bioremediation of carbofuran-
contaminated soil. The effect of gamma radiation on the degradation ability of 
the isolated fungi to carbofuran was also considered. 

2. MATERIALS AND METHODS 

2.1. Soil sampling and characterization 

Soil sample were collected from 10 different sub-samples and taken 
from the areas of 25 m², (0–20 cm) depth, from heavy clay soil had a previous 
history of treatment with carbofuran in the last 10 years at field located in El-
Fayoum governorate, Egypt.  

Detailed physical and chemical properties of the soil are presented in 
Table 1. In the laboratory, the soil was gently air-dried to the point of soil 
moisture suitable for sieving. After sieving to a maximum particle size of <2 
mm, the soil kept in a plastic bag at 4 ºC for 7 days before use. 

 
Table (1): General characteristic of the soil used in the experiment. 

Value Parameter 
7.9 pH(in water) (1:5) 

23 Moisture content (w/w) (%) 
13.5 Cation exchange capacity (CEC) 

(cmol + kg -1) 
33.4 Water holding capacity (WHC) (%) 
0.84 Corg (%) 
0.10 Ntot (%) 
648 Microbial biomass (mg kg -1 d.w.) 

The values are the means of three replicates. 
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2.2. Chemicals and reagents 

Technical grade carbofuran (99.1% purity) was purchased from Sigma 
Aldrich Co., Nasr city, Egypt. All other chemicals and solvents were ultra pure 
grade and obtained from El-Gomhouria CO. For Trading Chemicals And 
Medical Appliances, Egypt. 

2.3. Enrichment procedure and isolation of microorganisms 

2.3.1. Soil contamination 

The aim of this step was to adapt the soil microflora to Carbofuran. To 
obtain this effect, prepared soil (200 g) was supplemented with carbofuran at 
concentration of 50 mg/kg soil, introduced in a form of methanol solution. After 
mixing and solvent evaporation the soil was incubated in the dark at 30 ± 1 ºC, 
in a thermostatic chamber for 90. The water content of the soil was adjusted to 
50% of the maximum water holding capacity. Throughout the incubation 
period, water losses exceeding 5% of the initial values were compensated by the 
addition of deionized water. After 30 and 60 days of incubation the soil was 
contaminated again with the same dosage of carbofuran. 

2.3.2. Cultivation in liquid medium 

In this step of enrichment procedure the mineral salt medium (MSM) 
was used. The medium contained : (NH4)2SO4, 2 g; KH2PO4, 3 g; MgSO4.7H2O, 
0.5 g; glucose, 3 g, micro-elements mineral solution, 2 ml [29] and distilled 
water,1 liter. The solid synthetic medium was obtained by addition of agar, 15 g 
L-1 .The pH was adjusted to 7 and the media were sterilized at 121°C for 15 
min. 

After autoclaving and cooling, the medium was supplemented with 
carbofuran as a sole of carbon source. Insecticide was introduced in a form of 
methanol solution to give the final concentration of 50 mg L-1. After 24 h of 
shaking and solvent evaporation 10 g of contaminated soil was added into 250 
mL flasks with 100 mL of liquid medium supplemented with carbofuran. Flasks 
were incubated at 30 ± 1 ºC on a rotary shaker (120 rpm) for 72 h and kept in a 
dark to avoid photo-degradation of carbofuran. After this time, 1 mL of soil 
suspension was transferred into flasks containing the same fresh medium 
supplemented with the higher concentration of insecticide (100 mg L-1) and 
incubated for a further 72 h under the same conditions. 

2.3.3. Cultivation and selection of isolates on agar medium 

The fungal strains were isolated by plating 10-fold dilutions of the 
liquid medium onto MSM agar supplemented with carbofuran at concentration 
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of 100 mg L-1 as a sole of carbon source and incubated at 30 ± 1 ºC for 7 days. 
The fungal isolates were purified by using single spore or hyphal tip technique. 
Based on morphological properties the individual strain colonies were selected 
and subcultured to obtain pure culture. For further analyses five fungal isolates 
named F-1; F-2; F-3; F-4 and F-5 (carbofuran-degrading fungi) were reserved. 

2.4. Identification of isolates 

The pure isolated fungi were identified according to the most 
documented keys in fungal identification [30, 31, 32].The morphological 
identification of isolated fungal strains is based on the morphology of the fungal 
culture colony or hyphae and the characteristics of spores.  

2.5. Exposure of isolates to ionizing radiation. 
The most effective carbofuran degrading fungi (Trichoderma spp., 

including T. harzianum, T. viride) selected and exposed to different doses of 
gamma radiation. Slants of 7 days old culture were irradiated with doses of 0.0, 
0.02; 0.05; 0.1; 0.25; 0.5; 1.0; 2.0 and 5.0 KGy, and three replicates were used 
for each dose. Radiation treatments were carried out at Atomic Energy 
Authority, Abu-Zabal at dose rate of Egypt's Mega-gamma-1 type, J 6600-
Cobalt-60 Irradiator. 

2.6. Biodegradation studies 

2.6.1. Biodegradation of carbofuran in liquid medium 

Growth experiments with carbofuran as a sole of carbon source were 
performed in 100 mL Erlenmeyer flasks containing 50 mL of sterile MSM. 
Carbofuran was introduced in a form of methanol solution to give the final 
concentration of 200 mg L-1. After 24 h of shaking and solvent evaporation, 1ml 
of spore suspension (107 spore/ml) of each isolate was inoculated into MSM to 
evaluate the degradation dynamics of carbofuran in liquid medium. Non-
inoculated MSM with the fungal suspension were kept as controls. Flasks were 
incubated at 30 ± 1 ºC for 7 days. After the incubation period, the produced 
mycilia were oven-dried at 70 ºC till constant weight. 

2.6.2. Biodegradation of carbofuran in soil 

For biodegradation studies the same soil, from which fungi were 
isolated, but non-supplemented with carbofuran earlier was used. Before using, 
the soil was sterilized by threefold autoclaving for 1 h at 121 ºC. To study the 
fate of fungi, 200 g of this soil were placed in 500 mL Erlenmeyer flask and 
treated with carbofuran (200 mg/kg soil) in methanol solution, under sterile 
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conditions. After mixing and solvent evaporation the fungal suspension of each 
carbofuran-degrading isolate was inoculated into soil. 

The inoculum was thoroughly mixed under sterile conditions. In 
addition, the samples with the mixed culture of carbofuran - degrading fungal 
strains (T. harzianum and T. viride) and non-sterilized soil (non-supplemented 
with carbofuran, earlier) were also used to compare the degradation dynamics of 
carbofuran in soil. Triplicate samples of sterilized soil, without fungi, were kept 
as controls. The soil moisture was adjusted by the addition of deionized water to 
50% of its water holding capacity and all soil samples were incubated in the 
dark at 30 ± 1 ºC, in a thermostatic chamber. Throughout the incubation period, 
water losses exceeding 5% of the initial values were compensated by the 
addition of sterile deionised water. Samples of soil treatments (10 g) were 
periodically removed aseptically for chemical analyses to determine the 
concentrations of carbofuran. 

2.6.3. Chemical analyses 

2.6.3.1. Extraction and Purification of carbofuran 

Carbofuran and its main metabolite were analyzed by high performance 
liquid chromatography (HPLC) at Atomic Energy Authority, Abu-Zabal, Egypt.  
In order to extract carbofuran and its metabolites from the soil and liquid 
phases, the soil was slurry centrifuged at 6000 rpm at 25 ºC for 15 min to 
separate the liquid from the soil. The liquid phase was filtered through cellulose 
acetate paper (Whatman- number 1, England) prior to the liquid–liquid 
partitioning extraction procedure. Briefly, 2 mL of methanol were added to 2 
mL of liquid sample and then the mixture was sonicated twice for 10 min on a 
50/60 voltage cycle. After sonication, carbofuran and its metabolites were 
extracted in a separation funnel with dichloromethane. For the method of high-
performance liquid chromatography (HPLC), the supernatant was dissolved in 
the same volume of pure grade methanol and filtrated by membrane filters (0.45 
μm). An aliquot of the residue in a 20 μL sample size was injected into a HPLC. 
The analytical column was Zorbax SB-C18 column (250×4.6 mm, 5 μm), and 
the solutes were detected using PDA detector with gradient UV-VIS detection 
ranging from 200 to 600 nm. The mobile phase consisted of 70% methanol and 
30% water at a flow rate of 1.0 mL min−1. The detection wavelength of 
carbofuran was 275 nm. Cultures without inoculation were used as abiotic 
controls. 
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2.7. Data analysis 

Data was analyzed by SPSS program Version 11.5.0. The significance 
of treatments was set at p-value less than or equal to 0.05 by the one-way 
ANOVA test. 

3. RESULTS AND DISCUSSION 

3.1. Isolation and Identification of isolates 

After several tests of culture on synthetic medium containing the 
carbofuran, five fungi are selected. The fungal strains were identified to the 
species level as Trichoderma spp. including T. harzianum and T. viride, 
Aspergillus niger, Fusarium oxysporum and Penicillium cyclopium. 

The results indicate that Trichoderma spp. use carbofuran as source of 
carbon and nitrogen. This result suggested that the fungus possesses enzyme(s) 
which acts on amide and ester bond in carbofuran. These results join those of 
[33] who isolated Bacillus sp., Micrococcus sp., Arthrobacter sp. and 
Azospirillum sp. capable of using carbofuran as source of carbon and nitrogen. 
Other works of [34] showed that carbofuran was only used as source of 
nitrogen, whereas [35] isolated a bacterium able to use the carbofuran only like 
source of carbon. 

3.2. Growth of the fungal strains 

Mycelial dry weights of T. harzianum and T. viride showed an 
increasing of their mycelial dry weight with increasing of carbofuran 
concentration (Fig. 1). 

 
Fig. (1): Growth of the Trichoderma spp. in MSM supplemented with gradual conc. 

of carbofuran as the sole carbon and energy source at 30°C for 7 days. 
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This increase in the biomass of the culture with carbofuran could be 
explained by the fact that this product constitutes, an additional carbon and 
nitrogen contribution which allows the synthesis of new secondary metabolites 
favoring the production of microbial biomass and in consequence support a 
faster use of carbofuran. The increase in biomass (mycelial dry weight) was 
reported when T. viride strain incubated with carbofuran [12]. 

Data in Table (2) indicate that the mycelial dry weight of the fungal 
strains T. harzianum and T. viride decreased with the applied gamma-radiation 
dose up to 5000 Gy. 

Table (2): Mycelial dry weight of gamma irradiated Trichoderma sp. grown on 
MSM with 200 mg L-1 of carbofuran at 30 ºC for 7 days of incubation. 

Mycelial dry weight (g/100 ml)* 
Gamma irradiation 

dose 

(Gy) T. harzianum T. viride 

0 168 ± (0.11547)f 222 ± (0.57735)e  
20 176 ± (0.57735)e 236 ± (0.11547 )d 
50 178 ± ( 0.51961)d 240 ± (0.57735 )c 
100 191 ± (0.28867)b 248 ± (1.15470 )b 
250 206 ± (0.17320)a 258 ± (1.73205 )a 
500 188 ± (0.98149)c 215 ± (1.15470 )f 
1000 144 ± (0.63508)g 205 ± (2.30940 )g 
2000 122 ± (0.40414)h 187 ± (0.57735)h 
5000 083 ± (0.28867)i 144 ± (1.21243)i 

*Results are the mean of tree replicates. 

Mycelial dry weight of T. harzianum strain was increased significantly 
at 100 and 250 Gy by 13.7 and 22.8 %, respectively. While the least mycelial 
dry weight attained at 5 KGy. As for T. viride strain 11.7 and 16.2 % increase in 
mycelial dry weight at 100 and 250 Gy, respectively was resulted. The doses of 
1, 2 and 5 KGy showed decrease in mycelial dry weight by 7.7, 15.9 and 35.1, 
respectively. 

These results are in agree with [36] who found that growth of T. viride 
was increased at 0.5 KGy of gamma-radiation. Mycelial dry weight was 
increased in isolates of Aspergillus tamaru, A. flavus and A. niveus when 
exposed to gamma-irradiation doses of 0.2 and 0.5 KGy [37].  

3.3. Biodegradation of carbofuran in mineral salt medium (MSM) 

The isolates of T. harzianum and T. viride were able to degrade 
carbofuran and use it as the sole carbon source in MSM. The ability of strains T. 
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harzianum and T. viride to degrade of carbofuran in MSM were investigated. 
Figure 2 shows biodegradation of carbofuran at concentration of 200 mg/L by 
T. harzianum and T. viride cultivated in MSM. The results indicate that both 
fungal isolates used carbofuran as source of carbon and nitrogen. This result 
suggested that the fungus possesses enzyme(s) which acts on amide and ester 
bond in carbofuran. The results showed that 65% and 74.5% (Fig. 2 A, 2B) of 
carbofuran were degraded within 10 days of incubation by T. harzianum and T. 
viride, respectively. The ionizing radiation to Trichoderma spp. at dosage of 
250 Gy were showed increase in biodegradation of carbofuran by 14 %( 79 % 
total biodegradation) and 9 %( 83.5 % total biodegradation) (Fig. 2 C, 2 D) by 
T. harzianum and T. viride, respectively. 

Trichoderma sp. was previously tested in liquid and solid medium 
containing 5, 10 and 15 mg of DDD /100 mL liquid medium. The results 
showed that Trichoderma sp. presented a good growth in the presence of DDD 
and 21% of the pesticide was degraded. In the experiments where DDD was 
added after 5 days of Trichoderma sp. growth, and with the addition of H2O2, 
the total biodegradation occurred [38]. 

This agrees with previous reports that the amylolytic potential of T. 
viride was increased at 0.5 KGy of gamma-radiation [36]. Trichoderma 
harzianum, T. viride and T. knoingii irradiated with 0.5 KGy dosage resulted in 
the highest percentage of pathogen growth reduction by producing highly active 
exo-enzymes. Therefore Trichoderma spp. mutants were effective in reducing 
the pathogen growth in rhizophere soil as compared to the wild type strains 
[26]. 

3.4. Biodegradation of carbofuran in soil 

Figure (3) shows the biodegradation of carbofuran and the accumulation 
of its intermediate product 3-ketocarbofuran carbofuran. In non-sterile soil 
carbofuran was degraded more slowly than in sterile soil. These results 
suggested that the indigenous microorganisms in natural environment have a 
competition effect to strain T. harzianum and T. viride. Degradation of 
carbofuran was 75 % and 81.5 % within 14 days of incubation in non-sterile and 
sterile soil, respectively by T. harzianum strain. Also, we concluded that 
degradation of carbofuran was 71 % and 86 % within 14 days of incubation in 
non-sterile and sterile soil, respectively by T. viride strain. This indicated that 
the isolates of Trichoderma spp. were potentially useful for carbofuran 
bioremediation. 
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(A) (B) 

  
(C) (D) 

Fig. (2): Biodegradation of carbofuran by T. harzianum and T. viride strains 
irradiated with gamma radiation at dosage of 250 Gy, cultivated in mineral salts 
medium (A: Non-irradiated T. harzianum, B: irradiated T. harzianum, C: Non-

irradiated T. viride and D: irradiated T. viride). 
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(A) 

 
(B) 

Fig.(3): Biodegradation of carbofuran in sterile and non-sterile soil by T. 
harzianum (A) and T. viride (B) strains. 

Previous studies showed that a number of fungi capable of degrading 
insecticide carbofuran, including Aspergillus niger [15], Fusarium 
graminearum [16], Mucor ramannianus [17] and Gliocladium sp. [18].  

4. CONCLUSION 

Data in this work indicate the possibility of applying gamma-radiation 
doses to increase carbofuran degradation by T. harzianum and T. viride. An 
enrichment procedure allowed isolating of two effective fungal strains 
belonging to T. harzianum and T. viride genera that may participate in efficient 
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degradation of the carbamate insecticide carbofuran. Obtained results have 
implications for the development of a bioremediation strategy of carbofuran-
polluted soils. However, use of pesticide-degrading microbial systems for 
removal of carbamate compounds from the contaminated sites requires an 
understanding of ecological requirements of degrading strains. There is a need 
for further research on the biochemical and genetic aspects of carbofuran 
degradation by the isolated in the studies fungi. 
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