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Abstract: Dissipation behavior of carbendazim and metalaxyl in addition to the kinetics of their
degradation in sterilized and non-sterilized Egyptian soils were evaluated under laboratory conditions using
HPLC. Carbendazim and metalaxyl, cause environmental problems due to their high residual levels in
agriculture crops which are very stable in water and soil under natural environmental conditions. Based
on the obtained data, it was quite clear that, carbendazim and metalaxyl dissipation were found to be
higher in non-sterilized soils than that in sterilized soils. The degradation of metalaxyl at different
concentration levels were ranged between 21.99 to 29.24% in sterilized soil and from 64.22 to 79.93%
in non-sterilized soil after 60 days from treatments, while, the dissipation of carbendazim were ranged
from 62.8 to 70.98 % in sterilized soil and from 81.55 to 87.13% in non-sterilized one. There was a direct
correlation between the fungicides concentrations and the degradation rate. The value of the (T1/2)
decreased significantly from 41.01, 40.77 and 35.91 days in sterilized soil to 27.50, 22.80 and 21.19 days
in non-sterilized soil treated with carbendazim at 1.0, 5.0 and 10.0 µg/g soil respectively. While, the
values of metalaxyl half-life, at the same concentrations were 44.42, 39.60 and 28.63 days in non-sterilized
soil, and increased in the sterilized soil, to 154.00, 147.45 and 135.88 days, respectively. Carbendazim
degradation was faster than metalaxyl at the same conditions and both of them were more stable in the
microorganism poor soil.
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INTRODUCTION

Pesticides play an important role in the effort to
increase food production in today’s agriculture. In
addition to protecting the growing crop, pesticides are
used e.g. to protect harvested food and to control
diseases, but, at the same time, they can cause
environmental hazards because of their toxicity and
sometimes high persistence. To avoid negative effects
in the environment, more knowledge is necessary on
the fate of individual pesticides. Understanding the
degradation of pesticides in soil is necessary to predict
the behavior of pesticides in the soil system, and
consequently, the potential risk for contamination of
water resources and environmental health [2]. The main
process leading to dissipation of pesticide residues from
the environment is degradation in soil, and this usually
involves the activities of soil micro-organisms [1,21]. One
possible explanation for the increased pesticide
degradation is that a specific microbial strain or
community, which might causes the pesticide
degradation, and was enhanced by repeatedly applying

the pesticide. The other one is that the overall
microbial community in soil was stimulated by addition
of pesticide as nutrients [3]. The soil microbial
community involves a complex interwoven relationship
between organisms of different trophic levels. Some
microbial groups are able to use an applied pesticide as
a source of energy and nutrients to multiply, whereas
the pesticide may well be toxic to other organisms [5, 9].
On the other hand, pesticide enhanced degradation has
deserved concern because it causes large and fast
losses of the product, decreasing its efficacy, and
leading to the need of increasing amounts to obtain the
same result, which raises the costs [1, 14].

The degradation rate is influenced by the structure
of the pesticide. Usually, structurally simple pesticides
with high water solubility and low adsorptivity that can
easily support microbial growth will develop
accelerated degradation more quickly.  The structure of
these pesticides is often similar to naturally occurring
substances which are currently used as an energy
source by the soil microorganisms and, as a result, they
are easily degraded by most microbial communities
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immediately after their introduction to the environment.
In contrast, pesticides with a structure that is different
from most naturally occurring substances (i.e.
xenobiotic compounds) are often degraded slowly since
the microorganisms do not possess suitable degradation
genes [1]. Hence, two fungicides from different chemical
groups were chosen to design this experiment.

Carbendazim: or methyl-benzimidazole-2yl-carbamate
(MBC) is a common active ingredient in benzimidazole
fungicides and is a major product of degradation of
other fungicides such as benomyl and thiophanate [2, 4,

10, 11]. Carbendazim is used to control a broad range of
diseases on arable crops, fruit, vegetables, ornamentals
and medicinal herbs. It is widely used, generally in the
form of an aqueous dispersion because its solubility in
water is low. Under natural environmental conditions,
MBC is very stable, and it has been frequently detected
in surface waters, with decomposition half-lives of two
months under aerobic conditions, and 25 months in the
absence of oxygen, giving rise mainly to its hydrolysis
product 2-aminobenzimidazole (ABZ) [2,15].

Metalaxyl: [N-(2, 6-dimethylphenyl)-N-(methoxyacetyl)
alanine methyl ester] is a systemic acylanilide
fungicide. It is effective against Oomycetes, especially
Peronosporales such as Phytophthora spp.,
Pseudoperonospora spp., Peronospora spp.,
Sclerospora spp., Bremia spp., Pythium spp., and other
spp. causing downy mildews, late blight, damping off,
and root, stem and fruit rots in many crops, stable to
hydrolysis under normal environmental conditions [18].
However, the problems resulting from pesticides
application such as metalaxyl, come from their high
residual level in agriculture crops especially vegetables
cultivated under greenhouse conditions and other
components of environment. The success of
biodegradation depends not only on the high
degradation ability but also on the stability of active
microorganisms under varied conditions [15]. Many
studies were carried out to investigate the
biodegradation of metalaxyl in soil system [7,12,13,18,20,21].

The present study was designed to determine the
dissipation of carbendazim and metalaxyl fungicides in
sterilized and non-sterilized soil under laboratory
conditions and more over estimated the T1/2 of the two
fungicides at the suggested rates under Egyptian soil in
controlled conditions.

MATERIALS AND METHODS

Fungicides Application and Soil Incubation:
Laboratory studies were performed on activated soil
samples (without any pre-history of benomyl,
thiophanatemethyl, carbendazim or metalaxyl

application for last 5 years) collected from the farm of
Faculty of Agriculture Alex University in Abbis region
(0 - 20 cm). Soil physical and chemical characters
were described in Table 1. 

To study the degradation of the two fungicides in
soil in absence of microorganisms, one batch of soil
sample was sterilized by autoclaving at 15 psi (pounds
per square inch) and 121 °C for 20 min on three
consecutive days. 

Carbendazim and metalaxyl, analytical standards
grade 98% and 96% respectively, were supplied by
Syngenta Co. All the used solvents were of A.R. grade.

Considering the fact that fungicides application
rates usually are 3 or 4 times more than the
recommended, the maximum dose of fungicides in soil
was designed to be 10 mg/kg, [16,24]. The calculated
volumes of the application solution which give rates of
1, 5 and 10 µg/gm dry soil were dispensed on to
portions of 10 gm air-dried soil in a porcelain dish.
The treated subsample of soil was thoroughly mixed
manually until complete evaporation of the acetone
solvent. The subsample was subsequently added to the
total soil mass, 100 g. This was followed by the
adjustment of the moisture content of the soil to 60%
of the maximum holding capacity. The soil was stored
in tight polyethylene containers at optimal temperature
of 25°C in the dark to discard effect of light. Each
treatment was performed in four replicates. Soil water
content was maintained by addition of water at 2 days
intervals. Soil samples were taken from all treatments
either sterilized or non-sterilized soil after 0, 7, 21, 35,
49 and 60 days from incubation.

Extraction of Fungicides from Soil: Carbendazim
treated soil samples (20 g) were shaken in an
Erlenmeyer flask with 1N NaOH (200 ml) for 10 min.
The aqueous solution was separated from the soil and
extracted three times, with 150, 100 and 100 ml ethyl
acetate, respectively. The ethyl acetate extracts were
combined, concentrated in a rotary evaporator to about
75 ml and extracted with 75, 50 and 50 ml 0.1 N HCl.
Fifty ml of 3N NaOH were added to the aqueous
phase which was then extracted with 100, 80 and 80
ml ethyl acetate. The ethyl acetate extracts were dried
with anhydrous sodium sulphate, evaporated to dryness,
and the residues were dissolved in methanol. Aliquots
were injected into the HPLC [23].

Metalaxyl treated soil samples were extracted with
methanol (3 X 50 ml) on an electric shaker (1 h), each
followed by ultrasonic vibration for 5 min. The extracts
were centrifuged for 20 min at 10,000 rpm and the
combined extracts were concentrated to dryness by a
rotary evaporator. Finally the residue was dissolved in
5 ml methanol and analyzed by HPLC [21].
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Table 1: Physical-chemical properties of the test soil.
Properties Results
Texture class Sandy Clay Loam
Texture (%)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Clay 26.25
Silt 13.12
Sand 60.63

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
EC (dSm-1) 8.52
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
pH(1:2.5) meqL-1 8.43
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
HCO3

- meqL-1 20.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cl- meqL-1 29
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ca++ meqL-1 40
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mg++ meqL-1 30
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K+ meqL-1 2.95
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Na+ meqL-1 41.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CaCO3% 8.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total N% 0.14
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NH4

+ mg kg-1 168
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NO3

- mg kg-1 234
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Available N mg kg-1 406
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Available P mg kg-1 70.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Available K mg kg-1 480

Quantitative Estimation of Fungicides by HPLC:
The samples were analyzed by HPLC system Perkin
Elmer HP 200 L, column C18 reversed A Tracor 985
HPLC and Tracor 951 LC pump. Carbendazim was
measured at 285 nm, the solvent used was
methanol+H2O (4 + 1 by volume) and 10 drops/L
ammonium hydroxide. Flow rate was 0-5 ml/min.
Metalaxyl was estimated at 205 nm. For the first 15
min the mobile phase (1 ml min-1) was composed of
10% acetonitrile and 90% water and adjusted to pH 4.0
with 0.15 M H3PO4. For the next 5 min the acetonitrile
content was increased to 90%. The percentage recovery
of Carbendazim and metalaxyl used were ranged
between 95% and 88% for all samples. Recovery of
carbendazim and metalaxyl were 87% and 94%,
respectively.

Data Calculation: First order rate constants were
derived from plots by linear regression analysis for
each experiment. The half-life (T1/2, days) was
estimated from equation [13].

T1/2 =            = 

Co
In( )

Co/2
K

 
 
 
 
 

0.693

K

RESULTS AND DISCUSSION

The degradation kinetic of carbendazim and
metalaxyl has been studied at 7, 21, 35, 49 and 60
days from treatments in sterilized and non-sterilized
soils under laboratory conditions. 

Carbendazim  Dissipation  and Persistence: The
behavior of carbendazim in sterilized and non-sterilized
Egyptian soils had been investigated. Data pertaining to
the degradation tested fungicide carbendazim on the
soil was shown in Table (2) and illustrated in figure
(1). The pattern of carbendazim disappearance from the
soils (sterilized and non-sterilized) treated with 1.0, 5.0
and 10.0 µg/gm soil. Perusal of these results clearly
exhibited that, approximately more than 80% of
carbendazim was degraded within 60 days after
treatments in non-sterilized soil, but the degradation
rate was decreased to 60% in sterilized soil.
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Table 2: Dissipation of carbendazim residues in sterilized and non-sterilized condition
Days 1.0 µg/g soil 5.0 µg/g soil 10.0 µg/g soil

----------------------------------------- ---------------------------------------------- ----------------------------------------------------
Residues % Dissipation Residues % Dissipation Residues % Dissipation 

Sterilized soil
7 0.72 27.94 4.45 11.00 7.32 26.80
21 0.65 34.72 3.65 26.93 5.35 46.50
35 0.57 42.69 2.93 41.40 3.94 60.60
49 0.47 52.60 2.06 58.74 3.55 64.50
60 0.29 70.98 1.86 62.80 2.93 70.70
Non-sterilized soil
7 0.63 37.37 3.37 32.62 6.24 37.63
21 0.41 59.26 2.49 50.25 4.87 51.30
35 0.32 68.04 1.68 66.47 3.06 69.40
49 0.26 73.68 1.14 77.24 1.77 82.31
60 0.19 81.55 0.70 85.96 1.29 87.13
Data presented as average of four replications

Fig. 1: Remaining (%) of carbendazim in sterilized (A) and non-sterilized (B) soil

Concerning the disappearance of Carbendazim in
the treated soil with 10.0 µg/gm soil was also rapidly
and the percentages of degradation were 26.80, 46.50,
60.60, 64.50 and 70.70 in sterilized soil and increased
to 37.63, 51.30, 69.40, 82.31 and 87.13 in non-
sterilized soil at 7, 21, 35, 49 and 60 days of
treatments, respectively (Table 2). As a result, the time
period for soil borne pathogen exposed to carbendazim
must be shortened, which might lead to a poor
performance of carbendazim for the control of soil
borne diseases [24].

The kinetic data derived from first-order function
were shown in Table (4). It was remarkable that
dissipation of carbendazim was increased with its
application rate in soil, there was a direct correlation
between concentration and the degradation rate of
carbendazim. The degradation rate constant of
carbendazim in soil (T1/2) decreased significantly from
41.01, 40.77 and 35.91 days in sterilized soil treated
with 1.0, 5.0 and 10.0 µg/gm soil respectively, to
27.50, 22.80 and 21.19 days in non-sterilized soil

treated with the same fungicide rates respectively. Our
finding was agreed with Yunlong et al., [24], who
demonstrated that, the half-life of carbendazim reduced
from 9.3 d to 0.9 day due to the microbial community
in soil. Also, the reported results have indicated that,
carbendazim lasted 9 months and had a half-life of 4–6
months [17].

The increase of degradation rate of carbendazim
was probably resulted from the enhanced catabolism of
the target chemical by soil microorganisms after
applications. The result was in agreement with that the
degradation rate was influenced by the number of
application times [3,8,24].

Degradation due to microbes was calculated after
60 days of application illustrated in Table (5). Data
indicated that, the biodegradation of carbendazim in the
treated soil with 1.0, 5.0 and 10.0 µg/g soil was 10.57,
23.16 and 16.43% respectively. Moreover, the
microbial activity of the test soil is particularly an
important factor to study the degradation and
metabolism of agrochemicals in soils [1, 22].
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Metalaxyl Dissipation and Persistence: Metalaxyl is
a biodegradable product, it can induce selection of the
soil microbial population that is able to utilize the
pesticide as nutrient and energy source. The selected
microbial population would promote the fungicide
dissipation from the environment. In addition the
repeated fungicide applications would improve this
selection and enhance its degradation, as well as its
dissipation [14].

The dissipation of metalaxyl was determined in
soils in presence and absence of microorganisms under
laboratory conditions and the data were illustrated in
Table (3). Based on these data, it was quite clear that,
in non-sterilized soils metalaxyl dissipation were found
to be higher than that in sterilized soils. Obviously, this
confirms the earlier findings on the possible microbial
role in degrading metalaxyl [6,20,21].

Based on the percentages dissipation values, results
indicated that, the degradation of metalaxyl at different
concentration levels were ranged from 21.99 to 29.24
in sterilized soil and from 64.22 to 79.93% in non-
sterilized soil after 60 days from treatments (Table 3).
The data revealed that, the rate of degradation was
increased sharply with increase of time. The
percentages of degradation were 17.10, 29.30, 45.20,
62.65 and 79.93 in non-sterilized soil treated with 10.0
µg/g soil and the degradation was decreased to 8.37,
18.17, 19.89, 23.61 and 29.24 in sterilized soil treated
with the same concentration after 7, 21, 35, 49 and 60
days of treatments.

Data pertaining to the impact of tested fungicides
dissipation on soil were recorded in Table (3) and
illustrated in figure (2). Perusal of these results clearly
exhibited that, the degradation rate was increased with
high concentration of metalaxyl. The results agreed
fully with the previous findings of [19] who found that,
the percentages of dissipation of metalaxyl in soil
increased with concentrations and the dissipation values
were 52.5, 55.9 and 56.8 from 40, 80 and 160 µg/100
g soil. 

Log residues were plotted against time and the
straight-line regression equation with correlation
coefficient values and the half-life of metalaxyl at
different concentration levels under sterilized and non-
sterilized conditions were determined (Table 4). The
half-life of metalaxyl in soils from the three
concentrations were 44.42, 39.60 and 28.63 days from
1, 5 and 10 µg/g soil respectively in non-sterilized soil,
but the half-life was increased in the sterilized soil, the
values were 154.00, 147.45 and 135.88 days for the
same concentrations, respectively. The same trend was
also observed [21], reported that, Metalaxyl was very
stable in chemically sterilized soils.

Comparative role of microbes and abiotic factors
in dissipating metalaxyl in soil is presented in Table
(5). After 60 days of application 21.99–29.24%
attenuation of metalaxyl was observed due to abiotic
factors, while 42.23–50.69% dissipation was due to the
influence of microbial activity.

Table 3: Dissipation of metalaxyl residues in sterilized and non-sterilized condition
Days 1.0 µg/g soil 5.0 µg/g soil 10.0 µg/g soil

-------------------------------------------- --------------------------------------------- -------------------------------------------------
Residues % Dissipation Residues % Dissipation Residues % Dissipation

Sterilized soil
7 0.99 1.39 4.61 7.87 9.16 8.37
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
21 0.89 11.39 4.20 15.92 8.18 18.17
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
35 0.82 17.55 4.12 17.60 8.01 19.89
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
49 0.79 20.96 3.90 22.09 7.64 23.61
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
60 0.78 21.99 3.64 27.17 7.08 29.24
Non-sterilized soil
7 0.74 26.49 4.05 19.09 8.29 17.10
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
21 0.54 46.05 3.24 35.20 7.07 29.30
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
35 0.49 50.55 2.30 54.00 5.48 45.20
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
49 0.041 59.10 2.02 59.60 3.73 62.65
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
60 0.36 64.22 1.73 65.42 2.01 79.93
Data presented as average of four replications
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Fig. 2: Remaining (%) of metalaxyl in sterilized (A) and non-sterilized (B) soil

Table 4: Regression equation, correlation coefficient and half-life values of carbendazim and metalaxyl under two conditions.
Treatments Non-sterilized soil Sterilized soil

--------------------------------------------------------------------- ---------------------------------------------------------------------------
Regression eq. R2 T1/2 (d) Regression eq. R2 T1/2 (d)

Carbendazim
1.0 µg/g soil y = 0.7983-0.0116x 0.8164 27.50 y = 0.8955-0.0097x 0.9040 41.01
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5.0 µg/g soil y = 4.2444-0.0645x 0.9119 22.80 y = 4.8594-0.0535x 0.9869 40.77
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10.0 µg/g soil y = 8.278-0.1305x 0.8907 21.19 y = 8.5752-0.1068x 0.8714 35.91

Table 5: Comparative role of microbes and abiotic factors on dissipating carbendazim and metalaxyl in soil.
Treatments                                       % degradation of carbendazim after 60 days of application

---------------------------------------------------------------------------------------------------------------------------------------------------------
Non-sterilized (+ microbes + abiotic factors) Sterilized (- microbes +abiotic factors) Degradation due to microbes

Carbendazim
1.0 µg/g soil 81.55 70.98 10.57
5.0 µg/g soil 85.96 62.80 23.16
10.0 µg/g soil 87.13 70.70 16.43
Metalaxyl
1.0 µg/g soil 64.22 21.99 42.23
5.0 µg/g soil 65.42 27.17 38.25
10.0 µg/g soil 79.93 29.24 50.69

Conclusion: The present study clearly showed that, the
degradation of carbendazim was faster than metalaxyl
at the same conditions, due to the microorganism
which play an important role in fungicides dissipation
from soil. The stability of carbendazim and metalaxyl
were increased when applied in the microorganism poor
soil, this gives an opportunity to non-repeated
application of the fungicides in this type of soil. Also
the prior treatment with fungicides to soil can
substantially reduce the persistence of subsequently
applied fungicide and reduces the pesticides persistence
problems application and that lead to reduce the costs.
To complete the picture and understand the behavior of
these two fungicides in soil and their relationship to
soil micro-organisms, it is possible to conduct a study
on the impact of these fungicides and their residues on
soil micro-organisms.
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