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a b s t r a c t

The response of soil fungi to the insecticide Reldan (chlorpyrifos-methyl) was studied under field and
laboratory conditions. The colony forming units (CFU) of fungi were determined by means of serial
dilution technique after 1 day, 7, 14, and 28 days of the insecticide application in soil. The plate count data
indicated that the insecticide affected the number of fungi in treated soil compared with the untreated
soil; the developed colonies decreased after 1–7 days of insecticide application and then increased with
increasing application time. The effect of different concentrations of insecticide on the morphological
features and sporogenesis of Aspergillus flavus, Fusarium culumorum, and Drechslera biseptata was
studied. Relative conidiospore formation was sharply decreased and the conidiophores were deformed in
A. flavus, while F. culumorum and D. biseptata failed to produce conidiospores, although chlamydospores
were formed in large numbers when cultivated on the growth medium containing insecticide.

� 2008 Elsevier Ltd. All rights reserved.

1. Introduction

The wide use of organophosphorus pesticides has created
numerous problems, including pollution of the environment.
Organophosphorus insecticides (e.g., chlorpyrifos, phorate, phos-
alone, and pirimiphose methyl) are registered for use against soil-
dwelling pests of corn, such as larval corn rootworms and
cutworms. Organophosphorus pesticides are regarded as non-
persistent (Racke and Coats, 1988). Reldan (chlorpyrifos-methyl),
chlorpyrifos [O,O-dimethyl-O-(3,5,6-trichloro-2-pyridinyl) phos-
phorothioate] is an insecticide reported to be suitable for mosquito
larval control (Worthing and Walker, 1987). Environmental
stability, bioaccumulation, and toxicity to non-target species have
brought about the restricted use of some organochlorine insecti-
cides. These same properties have led to many studies being carried
out on the microbiological breakdown of these pesticides (Lal and
Saxena, 1982; Mostsugi and Soda, 1983).

Reldan is one of the world’s most widely used organophos-
phorus pesticides in agriculture (Cho et al., 2002). Its environ-
mental fate has been studied extensively, and the reported half-life
in soil varies from 10 to 120 days (Getzin, 1981; Racke et al., 1990),

with 3,5,6-trichloro-2-pyridinol (TCP) as the major degradation
product. This large variation in half-life has been attributed to
variation in factors such as pH, temperature, moisture content,
organic carbon content, and pesticide formulation. Exposure to
chlorpyrifos and its metabolites has been related to a variety of
nerve disorders in humans. Microbial degradation is considered to
be an efficient and cost-effective method for decontamination of
toxic organophosphorus pesticides from the environment. Chlor-
pyrifos, previously shown to be immune to enhanced biodegrada-
tion, has now been proven to undergo enhanced microbe-mediated
decay into less harmful and non-toxic metabolites, under a set of
favorable biotic conditions. Recently, research in this area has
shown that a diverse range of microorganisms is responsible for
chlorpyrifos degradation (Bhagobaty et al., 2007).

Microbial communities composed of several species are more
likely to cause pesticide biodegradation in soil and rhizosphere
environments than are single species. The biodegradation of
organophosphorus insecticides by microorganisms in soil has been
widely reported (Racke and Coats, 1988; Sharmila et al., 1989;
Digrak et al., 1995); however, the effects of organophosphorus
pesticides on soil microorganisms have received less attention.

Das and Mukherjee (1998) stated that the hexa-
chlorocyclohexane (HCH) followed by phorate significantly stimu-
lated the populations of (total) bacteria, actinomycetes, fungi, and
aerobic non-symbiotic N2-fixing bacteria in soil. Carbofuran
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significantly stimulated total as well as N2-fixing bacteria. All the
insecticides increased the proportion of Penicillium in soil. Similarly,
Pseudomonas with HCH, Sarcina with phorate, Corynebacterium,
Azotobacter, and Streptomyces with fenvalerate were also stimu-
lated to increase. On the other hand, Erysipelothrix with HCH,
Staphylococcus with phorate, Staphylococcus, Nocardia and Fusarium
with fenvalerate were inhibited. Almost all of the insecticides
reduced the proportions of Micrococcus and Rhizopus in soil. The
effect of insecticides (HCH, phorate, carbofuran, and fenvalerate) on
the growth and development of bacteria, actinomycetes, and fungi,
as well as their role in the transformations and availability of some
plant nutrients in laterite soil (Typic Orchragualf), was studied by
Das and Mukherjee (2000). All the insecticides in general, and HCH
and phorate in particular, significantly increased the population of
microorganisms in soil. The most predominant genera of microor-
ganisms, such as Bacillus, Micrococcus, and Aspergillus, were not
affected by most of the insecticides. However, some of the insec-
ticides stimulated the growth and development of Bacillus, Proteus,
Corynebacterium, Streptomyces, Fusarium, Trichoderma, and
Rhizopus. On the other hand, some insecticides exerted deleterious

effects on the proportions of Pseudomonas, Staphylococcus, Nocar-
dia, Micromonospora, Aspergillus, and Rhizopus.

Application of the insecticides stimulated the population of
bacteria, actinomycetes, and fungi in the rhizosphere soils, and this
stimulation was more pronounced with phorate as compared to
carbofuran. Neither of the insecticides had a marked effect on the
numbers of Streptomyces and Nocardia in the rhizosphere soils.
However, the growth of Bacillus, Escherichia, Flavobacterium,
Micromonospora, Penicillium, Aspergillus, and Trichoderma with
phorate and that of Bacillus, Corynebacterium, Flavobacterium,
Aspergillus, and Phytophthora with carbofuran were increased. On
the other hand, the numbers of Staphylococcus, Micrococcus, Fusa-
rium, Humicola, and Rhizopus under phorate and Pseudomonas,
Staphylococcus, Micrococcus, Klebsiella, Fusarium, Humicola, and
Rhizopus under carbofuran were inhibited. Both of the insecticides
persisted in the rhizosphere soil for a short period; the rate of
dissipation of carbofuran was higher than that of phorate in the soil,
as shown in the difference between their half-livesd(T1/2) 9.1 and
10.4 days, respectively (Das et al., 2003). After 28 days, chlorpyrifos
and its metabolite TCP were present in all cultures at levels of 2–5%
and 1–14% of original, respectively. Ivashina (1986) studied chlor-
pyrifos degradation by several microbial cultures maintained in
liquid media containing 10 ppm chlorpyrifos. Dissipation was more
rapid in a sucrose-supplemented medium containing Trichoderma
sp. and a glucose-supplemented medium containing Bacillus sp.
than in control media containing no microorganisms. Chlorpyrifos
disappeared from the microbial cultures in a linear fashion over
a 2-week period. Lal and Lal (1987) observed some degree of
degradation by the yeast Saccharomyces cervisiae. Also Jones and
Hastings (1981) reported the metabolism of 50 ppm chlorpyrifos in
cultures of several forest fungi (Trichoderma harzianum, Penicillium
vermiculatum, and Mucor sp.). Only half the initial chlorpyrifos was
recovered 12 h after the cultures were inoculated with 1–10 ppm.

Table 1
Numbers of fungi (colony forming units) in soil treated with two different doses of
insecticide (mg 4200.83 m�2) after different application times of insecticide.

Application time (days) Number of colonies forming units (CFU) of
fungi� 10�3 g�1 soil at different doses of
insecticide

0 50 100

1 40 33 18
7 38 27 20
14 34 33 24
28 32 35 28

0, Untreated soil with insecticide.

Fig. 1. Growth of (1) F. culumorum; (2) D. biseptata; and (3) A. flavus on medium without insecticide (low cultures) and medium containing 4 mg % insecticide (high cultures).
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The possible metabolism by two lactic acid bacteria (Lactobacillus
bulgaricus and Streptococcus thermophilus) was reported by Shaker
et al. (1988). The synthetic culture medium, in which the bacteria
were grown, initially contained 7.4 ppm, but displayed a 72–83%
loss in chlorpyrifos after 96 h. Havens and Rase (1991) circulated
a 0.25% aqueous (EC) solution of chlorpyrifos through a packed
column containing immobilized parathion hydrolase obtained from
Pseudomonas diminuta. Approximately 25% of the initial dose was
degraded after 3 h of constant recirculation through the column.

The aim of this study was to detect the effects and application of
the insecticide Reldan (chlorpyrifos-methyl) on soil fungi as well as
morphological features and sporogenesis.

2. Materials and methods

2.1. Media used

The media used were Dox medium containing (per liter):
NaNO3, 2 g; H2PO4, 1 g; KCl, 0.5 g; MgSO4�7H2O, 0.5 g;
FeSO4�7H2O, 0.001 g; and agar, 20 g. Malt medium containing
(per liter): malt extract, 20 g; peptone, 1.0 g; glucose, 20 g; and
agar, 20 g. Rose Bengal–streptomycin agar containing (per liter):
glucose, 10 g; peptone, 5 g; K2HPO4, 1 g; MgSO4�7H2O, 0.5 g; Rose

Bengal, 0.033 g; and agar, 20 g. Streptomycin was added after
autoclaving at a final concentration of 30 mg ml�1.

2.2. Insecticide used

Reldan (chlorpyrifos-methyl), chlorpyrifos [O,O-dimethyl-O-
(3,5,6-trichloro-2-pyridinyl) phosphorothioate], and 50% EC (emul-
sifiable concentrate), each liter containing 50 g of active ingredient
produced by AGROCHEM in Egypt, were used in the study.

2.3. Fungal analysis

After 1 day, 14, and 28 days of insecticide application with a rec-
ommended dose of 50 g 4200 m�2 and a modified dose of 100 g
4200 m�2 in treated and control agricultural soil from the Minufiya
area of Egypt, the total number of fungi was counted. The number of
colony forming units (CFU) in the selective media was determined by
means of the serial dilution technique (1 g of soil collected from the
top layer from 0 to 10 cm, at agricultural field) and the spread plate
method (Salle, 1973). Analyses were performed in three replicates.
Viable counts for fungi were performed using a Rose Bengal–strep-
tomycin agar medium. The plates were incubated at 26 �C and the
developed colonies were counted after 7 days (Pepper et al., 1995).

Fig. 2. (a) Growth of A. flavus on medium without insecticide. (b) Growth of A. flavus at 1 mg % insecticide. (c) Growth of A. flavus at 2 mg % insecticide. (d) Growth of A. flavus at
4 mg % insecticide.

Table 2
Effect of different insecticide concentrations on morphological features of A. flavus.

Insecticide concentration (mg %) Colony radius Diameter (mm) of Relative spore Percentage (%)a

Mycelium Conidiophores width Vesicle Strigmata Spores

Width Length Width Length

Control 8.3 3.4 9 21.6 29.8 3.6 8.8 5.4 100
1 5 3.2 9.4 22.1 30.5 3.8 7.4 5.6 70
2 2 2.9 8.6 19.5 19.8 2.2 6.2 3.8 55
4 1.2 2.2 6.7 15 17.5 2.9 7.6 3.1 20

Control, growth medium without insecticide.
a Spore% related to those at control as considered 100%.
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2.3.1. Tested fungal strains
Three fungal species were isolated from agricultural soil treated

with the insecticide Reldan and cultured separately on Dox agar
medium and malt extract medium incubated for 7 days at 28� 2 �C.
The diameters of the growth colonies were measured with a fine
measuring scale daily. The cover slip technique of Kawato and

Shinobu (1959) was used for the microscopical study as follows:
The media were autoclaved and poured, and then sterilized cover
slips were dipped obliquely in the agar layer under aseptic condi-
tions. The fungal isolates were incubated on the agar layer along the
line where the medium meets the upper surface of the cover slip.
The petri dishes were then incubated at 28� 2 �C for 7 days. The

Table 3
Effect of different insecticide concentrations on morphological features of D. biseptata.

Insecticide concentration (mg %) Colony radius Diameter (mm) of Number of cells/spore Relative spore Percentage (%)a

Mycelium Conidiophores Conidiospores

Width Length Width Length

Control 6 3.6 5.3 41.5 9.9 18.8 3–4 100
1 3.7 3.8 4.2 41.3 10 14.3 1–2 15
2 3.2 3.9 0 0 0 0 0 0
4 2.1 3.9 0 0 0 0 0 0

Control, growth medium without insecticide.
a Spore% related to those at control as considered 100%.

Fig. 3. Growth of D. biseptata on medium without insecticide; (a) at 1 mg; (b) 2 mg; (c) 4 mg; and (d) % insecticide.
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cover slips were removed and fixed on slides using a tiny drop of
Canada balsam, and then the prepared slides were examined
microscopically. The three fungal species were identified as A. fla-
vus, Fusarium culumorum, and Drechslera biseptata according to Ellis
and Ellis (1985). Morphological features of Aspergillus flavus, F.
culumorum, and D. biseptata were studied at different concentra-
tions of active ingredient of insecticide (0, 1, 2, 4, and 6 mg %) on
Dox agar medium using the image analysis system at the Regional
Center for Mycology and Biotechnology, Al-Azhar University, Cairo.
The prepared slides were photographed at each insecticide
concentration.

3. Results

One to 7 days after treatment with Reldan the total number of
CFUs had decreased. This reversed by the 14th and 28th days after
application in both the 50 g 4200 m�2 and 100 g 4200 m�2 treat-
ment groups; CFUs were actually higher than the controls
(untreated soil) (Table 1).

The fungal species responded differently to the insecticide
concentrations. The growth of A. flavus, F. culumorum, and D.

biseptata decreased with increasing insecticide concentration
(Fig. 1); in addition they failed to grow at the highest concentration
(6 mg %) of insecticide.

The morphological characters of A. flavus, F. culumorum, and D.
biseptata were affected by increasing insecticide concentration. The
conidiophore width, the width and length of strigmata increased
while mycelium diameter, the width and length of vesicle, spore
diameter, and relative spore number of A. flavus decreased with
increasing insecticide concentration (Table 1). In the controls,
conidiophores of A. flavus were un-septated, un-branched, and
swelling at the tip to form a sub-globose vesicle when cultivated on
medium without insecticide (Fig. 2a). On the other hand, at 1 mg %
concentration of insecticide, the vesicles became deformed and
approximately undifferentiated from the conidiophore (Fig. 2b). At
2 mg % concentration, the conidiophore was sharply deformed and
became branched, giving vesicles and short conidiophores (Fig. 2c).
At 4 mg % concentration of insecticide the short conidiophores
increased in length and decreased in width (Fig. 2d). However, no
chlamydospores in A. flavus were observed at any concentration of
insecticide. D. biseptata and F. culumorum were greatly affected with
increasing insecticide concentration (Tables 2 and 3); the conidio-
phores and conidiospores formed when these fungi were cultivated
on medium without insecticide. On the other hand, these fungi
failed to produce conidiospores in the presence of high concen-
tration of insecticide on the growth medium but produced many
chlamydospores (Fig. 3c and d; and Fig. 4b and c). The fungal
mycelium of D. biseptata and F. culumorum was septated into clear
cells on the medium without insecticide (Fig. 3a and Fig. 4a) but in
the presence of insecticide the fungal mycelium was not differen-
tiated into definite cells (Table 4).

4. Discussion

These studies elucidated the reaction of fungal species in the
presence of insecticide and the minimum inhibitory concentration.
The results described here show that the effect of insecticide on the
total soil fungi varied considerably. This result agrees with the
findings of Slavikova and Vadkertiova (2003). After a short period
(1–14 days) of application of Reldan in the soil, the number of fungal
colonies decreased, but after this period the total number of soil
fungi increased; this may be due to the insecticide effects on non-
target organisms and therefore the released organic compounds
from dead microorganisms used by non-sensitive fungi. Adsorbed
chlorpyrifos degrades under UV light, via chemical hydrolysis, and
by the action of soil microbes. The soil half-life of chlorpyrifos ranges
from 2 weeks to more than one year, depending on soil texture, soil
pH, and climate. When applied to moist soils, chlorpyrifos has
a volatility half-life of 45–163 h, with 62–89% of the application
remaining on the soil after 36 h (Yu et al., 2006). Slavikova and
Vadkertiova (2003) reported that three strains of yeast were
inhibited by the insecticides cypermethrin and chlorpyrifos
(0.57þ 0.05 mM), although Das et al. (2003, 2005) stated that

Fig. 4. Growth of F. culumorum on medium without insecticide; (a) at 2 mg; (b) 4 mg;
and (c) % insecticide.

Table 4
Effect of different insecticide concentrations on morphological features of F. culumorum.

Insecticides Concentration (mg %) Colony radius Diameter (mm) of Relative spore percentage (%)a

Mycelium Macroconidia

Width Length

Control 8.1 2.8 3 10 100
1 4.3 2.9 2.1 7.2 30
2 3.9 3 0 0 0
4 2.7 3 0 0 0

Control, growth medium without insecticide.
a Spore% related to those at control as considered 100%.
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application of the insecticides stimulated the population of bacteria,
actinomycetes, and fungi in the rhizosphere soils. Strains of A. flavus
and Aspergillus niger isolated from agricultural soil with a previous
history of chlorpyrifos use were also reported to biomineralise
chlorpyrifos in liquid culture medium (Swati and Singh, 2002).

It was found in the current study that the insecticide strongly
affected the fungal structures as well as sporogenesis, particularly
for D. biseptata and F. culumorum, where the conidiospores were
not formed but the chlamydospores were formed under the stress
of the insecticide. This result may be due to insecticide toxicity and
disturbance of the metabolism of the fungi. The effect of insecti-
cides on the total numbers of soil microorganisms has been
reported on in many studies (Smith et al., 2000; Chen et al., 2001;
Cycon and Kaczynska, 2004; Cycon and Piotrowska-Seget, 2007).
By contrast, few studies have examined the effect of insecticides on
the morphological features, metabolic activity, and sporogenesis of
fungi. Khallil and Omar (2003) found that, by using various doses of
Dimethoate, no mycelial growth appeared in cultures at a rate
above 5 ppm. There was no appreciable effect of the low dose of the
insecticide (2.5 ppm) when incorporated into water cultures on
vegetative growth; asexual and sexual sporulations of all tested
fungi were comparable to those of the control. Using liquid media,
respiration, mycelial dry weight, as well as protease, lipase,
amylase, and cellulase production were varied, depending upon the
doses and tested fungal species.

Due to the many factors that may influence the behavior of
insecticides in a soil environment, it is difficult to assess the overall
impact of Reldan on soil fungi and the processes in field conditions.
Therefore, studies conducted under controlled laboratory condi-
tions allow an estimation of the potential hazards of insecticide
application on the soil environment, and they are also required to
get permission to use new insecticides in agricultural practice.
Comparative studies of the number of fungi in soil treated and
untreated with insecticide are one of the fundamental approaches
commonly used for the assessment of fungal response to environ-
mental stresses.
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