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Soil samples with different physical and chemical characteristics were taken from two sites, Minkoa-Meyos and 
Mendong, in Yaounde. These samples were treated with the insecticide endosulfan, using commercially 
recommended rates (1.5l ha

-1
), and incubated in the laboratory at 20°C in glass flask for 75 days in order to evaluate 

their toxic effects on enzyme activities, organic matter content and the availability of phosphorus in the soils studied. 
The enzyme activities studied included dehydrogenase, β-D glucosidase, acid and alkaline phosphatases. The results 
showed that, on one hand, endosulfan inhibits dehydrogenase, acid and alkaline phosphatase activities in both soils. 
β-D Glucosidase activity was inhibited in Mendong soil, but this activity seems not to be affected by endosulfan in 
Minkoa-Meyos soil. On the other hand, endosulfan appeared to have no measurable effect on the organic carbon 
content and on the availability of phosphorus in Minkoa-Meyos soil. However, these two functions were inhibited in 
the Mendong soil. Moreover, significant correlations in the Mendong soil at the highest concentration were obtained 
between acid phosphatase activity and the available phosphate (P = 0.024; r = 0.821), and between alkaline 
phosphatase activity and the available phosphate (P = 0.014; r = 0.858). 
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INTRODUCTION 

 
Soil is a dynamic living system and consists of variety of 
micro- and macroflora and fauna including a wide range 
of microorganisms. Microorganisms represent one of the 
largest reservoirs for essential nutrients. They are 
considered as the living pool of organic matter, which is 
vital for the maintenance of soil health. These organisms, 
through their enzymes activities, have a primary catabolic 
role in the degradation of plant and animal residues in the  
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environment, which contributes to the cycling of nutrients. 
Microbes, being in intimate contact with the soil 
microenvironment, make ideal monitors of soil pollution 
(Brooks, 1995). Significant increases in agricultural 
productivity have resulted from control of agricultural 
pests with man-made chemical pesticides, but on the 
same hand, there is a wide spread concern about the 
residues of these man-made chemicals in food and the 
environment. An appreciable proportion of the 
insecticides applied often reach the soil either directly 
from deliberative applications to the soil or indirectly from 
runoff from leaves and stems of the plants. Persistence 
and dispersion of pesticides in the soil environment 
depends not only on the properties of the pesticides but 
also on the properties of the soil and the prevailing 
climatic conditions (Khan, 1980). Endosulfan is one of the 



 
 
 

 
Table 1. Concentration of endosulfan applied on the soils.  

 

Concentration C1 C2 C3 C4 C5 C6 

Dosage µg/g of dry soil 0.5 1 5 10 50 100 
 
 

 

organochlorine pesticides (OCPs) and also a candidate to 
be included in a group of new persistent organic 
pollutants (UNEP, 2007).  

Endosulfan (6, 7, 8, 9, 10, 10-hexachloro-1, 5, 5a, 6, 9, 
9a-hexahydro-6,9-metano-2, 4, 3-benzodioxathiepin-3-
oxyde) is a mixture of two stereoisomers, α- and ß-
endosulfan, in a ratio of 7:3 (Tomlin, 2000). Endosulfan is 
used extensively throughout the world to control the 
insect pests of a wide range of crops and most 
importantly, it has been used for the control of 
Helicoverpa sp. in cotton cropping. However, endosulfan 
presents risk for water (Tapsoba and Bonzi-Coulibaly, 
2006) and soil (Savadogo et al., 2006) pollution. 
Endosulfan is extremely toxic to fish and aquatic 
invertebrates and has been implicated increasingly in 
mammalian gonadal toxicity, genotoxicity, and 
neurotoxicity (Sutherland et al., 2000). It can bind to soil 
particles and persist for a relatively long period with half-
life of 60-800 days depending on the type of soil 
(Siddique et al., 2003; Tariq et al., 2006). Accordingly, the 
manufacturing and use of these chlorinated pesticides 
has either been banned or severely restricted in most 
developed and developing countries. In Cameroon, in the 
group of chlorinated insecticides, only the use of 
endosulfan is now permitted. In this country, the major 
use of pesticides is on the coffee, cocoa and cotton 
crops. Endosulfan and its isomers are designated to be 
biologically active and their microbial breakdown for 
carbon or sulphur sources (Siddique et al., 2003) is an 
important means of biodegradation and bioremediation. 
However, continuous input of these chemicals into the 
soil ecosystem could potentially affect the soil 
microorganisms and their activities. This may lead to the 
stimulation, decrease, or modification of soil biological 
processes (Domsch et al., 1983; Tu, 1995) that are 
essential for soil fertility and crop productivity. Endosulfan 
may decrease the total number of bacteria as compared 
to control field (Tu, 1970). However, Savadogo et al. 
(2009) reported a stimulation of the respiratory activity on 
the soil during the first five days. Kathpal et al. (1997) 
have reported inhibitory effect of insecticides on soil 
bacteria.  

Commonly studied microbial reactions that are 
impacted by inorganic or organic pollutants include 

carbon mineralization, nitrogen mineralization, CO2 
production, and enzyme activities (Domsch et al., 1983). 
The potential reduction of these parameters can be used 
as an indicator of stress. Moreover, soil enzymatic 
activities are good soil quality indicators, as they are 

 
 

 

related to processes of transformation of soil organic 
matter and with the biogeochemical cycles. The 
importance of soil enzymes resides in their relationship to 
the soil microbiology, ease of measurement and rapid 
response to changes in soil management. It is 
conceptually wrong to rate a single enzyme activity as 
criteria of soil quality or soil microbial activity (Nannipieri, 
1994). Thus, many enzyme activities should be 
considered. Phosphatase activities are considered as 
useful indicators of both positive and negative effects of 
soil management practices on soil quality (Dick, 1994; 
Jordan et al., 1995). Glucosidase activity is often included 
in studies searching for sensitive biomarkers of soil 
quality (Bucket and Dick, 1998). Its activity is considered 
to be a useful index for measuring side effects of 
pesticides on microbial activity in soil (Schäffer, 1993). 
Dehydrogenase activity in soil provides an index of the 
overall microbial activity (Nannipieri et al., 1990).  

The effect of endosulfan on microbial functions in 
agricultural soils has been studied in many laboratories. 
However, such studies have been rarely undertaken in 
Central Africa particularly in Cameroon to the best of 
knowledge. The aim of this study is to assess the effect of 
endosulfan on enzymes (dehydrogenase, β-D-
glucosidase, acid and alkaline phosphatases) activities 
and to assess the effect of this pesticide on the organic 
carbon content and phosphorus availability in two types 
of agricultural soils in Yaounde, Cameroon. 
 

 
MATERIALS AND METHODS 
 
Insecticide used 

 
Thiosulfan 350 g/L, the trade name of endosulfan in the emulsifible 
concentrated form (EC) was provided by ADER (Action pour le 
Dévelopement et l’Economie Rurale), a company specialized in the 
distribution of crop protection products in Cameroon. The pesticide 
was applied at the recommended dosage for the coffee and cocoa 
crops (0,466 µg/g of dry soil) and according to the rate in the 
literature (Table 1). 
 

 
Soil sampling 

 

The potential reduction of these parameters can be used  
Soil samples (0 - 20 cm depth) were taken at random from 5 places 
in each field using a plastic soil auger and mixed thoroughly to 
prepare one composite sample. The soil was from Mendong and 
Minkoa-Meyos. Both sites are located in Yaounde (3° 52′ 12″N; 
11°31′ 12″E) and have not been treated with pesticides for at least 



 
 
 

 
Table 2. Chemical and physical parameters of soil (0-20 cm depth) from Minkoa-Meyos and Mendong.  

 
 Parameter Soil from Minkoa-Meyos Soil from Mendong 

 Facies Ferrallitic red soil Ferrallitic black soil 

 Clays (%) 31 26 

 Silt (%) 24 18 

 Sand (%) 45 57 

 Organic Matter (%) = C x 1,724 5.19 5.52 

 Total N (%) 0.17 0.26 

 Total P (mg/kg) 0.11 17.28 

 C/N 17.70 12.40 

 pH (H2O) 4.8 6.4 

 Maximum Water Holding Capacity (%) 54.4 39.7 

 Ca 
2+

 (meq/100g) 0.84 9.8 

 Mg
2+

 (meq/100g) 0.50 1.37 

 K
+
 (meq/100g) 0.08 0.36 

 Na
+
 (meq/100g) 0.01 0.05 

 
 
 

 
the past five years. The crops grown irrespective of the season and 
they include maize, peanut, sweet potato, cassava and beans. The 
chemical and physical parameters of soil are summarized in Table 
2.  

The collected samples were passed through 2 mm sieve and 
transported in polyethylene bags to the laboratory. In the laboratory, 
200 g of soil humidified to 60% of the maximum water holding 
capacity and containing 0 (control), 0.5, 1, 5, 10, 50 and 100 µg/g 
endosulfan, were conveniently and aseptically mixed in laminar 
airflow, and placed in 500 ml glass bottles. The microcosms were 
incubated at 22 ± 2°C. Soil samples were taken at 5, 10, 15, 20, 30, 
60 and 75 days for investigating the potential effects of this toxic to 
the parameters studied and the moisture was monitored weekly. 

 

Soil characteristics 
 
Soil characteristics were determined using standard methods. 

 

pH 
 
Soil pH (H2O) was measured using saturated soil solution 
(1/2.5 that means 1 g of soil in 2.5 ml of water). 

 

Organic matter content 

 
The organic matter content was estimated by the method of 
Walkley and Black (1934), using potassium dichromate. Organic 
carbon was evaluated by dividing the value of the organic matter 
content by 1,724 according to Hamaker and Thompson (1972). 

 

Phosphorus availability 

 
The phosphorus available was estimated following the method of 
Olsen et al. (1954). Soil samples for the available phosphorus were 
extracted with NaHCO3, pH 8.5 and were analyzed 
spectrophotometrically at 882 nm. The results were reported on an 

 
 
 

 
oven dry - weight basis, determined by drying the soils for 24 h at 
105°C. 

 

Analysis of soil enzyme activities 
 
Dehydrogenase activity 
 
Dehydrogenase activity was estimated using the method of Casida 
et al. (1964). This method implies the reduction of 2, 3, 5-
triphenyltetrazolium chloride (TTC), 3% to triphenylformazan (TPF) 
with methanol. Each soil sample (20 g) was thoroughly mixed with 

CaCO3 (0.2 g) to ease methanol extraction and 6 g of this mixture 
was treated with 3% (w/v) TTC incubated for 24 h at 37 ± 1°C. The 
TPF formed was extracted quantitatively from the reaction mixture 
with methanol and assayed at 485 nm in a Hach DR 2000 
spectrophotometer. 

 

β-D-Glucosidase activity 
 
β-D-Glucosidase activity was estimated using the method of Eivazi 
and Tabatabai (1988), which consists of measuring the P-
nitrophenol released from soil when treated with P-nitrophenyl-β-D-
glucopyranoside. 4 ml of modified universal buffer (MUB) at pH 6.0 
and 1 ml of P-nitrophenyl-β-D-glucopyranoside were added to the 
soil (1 g) and the reaction mixture was incubated at 37°C for 1 h. 

Then 0.5 M CaCl2 (1 ml) and 0.5 M NaOH (4 ml) were added and 
the mixture was centrifuged at about 1500 x g for 10 min. The P-
nitrophenol (PNP) in the supernatant was determined 
colorimetrically at 400 nm. 

 

Acid and alkaline phosphatase activities 
 
Acid and alkaline phosphatase activities were determined using the 
colorimetric methods of Tabatabai and Bremmer (1969) and Eivazi 
and Tabatabai (1977), with slight modifications. These methods 
consist of quantifying the P-nitrophenyl phosphate at pH 6.5 and 11 
for acid and alkaline phosphatase activities, respectively. Soil 
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Figure 1. Effect of endosulfan  on dehydrogenase activity  of the soils from (a)  
Minkoa-Meyos, (b) Mendong after the addition of different rates of endosulfan. 

 

 

samples (1 g) were mixed with 4 ml of modified universal buffer 
(MUB) at pH 6.5 and 11 for acid and alkaline phosphatase assays, 
respectively; and 0.05 M P-nitrophenyl-phosphate (1 ml) was 

incubated at 37°C for 1 h. Then 0.5 M CaCl2 (1 ml) and 0.5 M 
NaOH (4 ml) were added and the mixture was centrifuged at about 
1500 x g for 10 min. The PNP in the supernatant was determined 
colorimetrically at 400 nm. To evaluate the activities of these 
hydrolases (glucosidase and phosphatase), toluene was not used 
since it increases the enzyme activities (Tabatabai, 1982) and can 
be used as carbon source for microorganisms of the soil (Kaplan 
and Hartenstein, 1979). 

 

Analysis of correlation and determination of IC50 

 
Pearson correlation coefficients were calculated with the Statistical 
Package for Social Sciences (SPSS) 80 software, and were tested 
at 95% of security threshold. This correlation was studied on one 
hand between organic matter and β-D-Glucosidase activity, and 
between phosphorus available and phosphatase activities on the 

other hand. The IC50 (median inhibitory concentration at which a 
50% reduction in response relative to controls was predicted) 
values were determined for enzyme activity responses that are 
adversely affected by endosulfan, using least squares linear 

 
 

 
regression of percentage control of enzyme activity responses 
against the logarithm of test chemical concentrations. 
 
 
RESULTS 

 

The soils studied were typical ferrallitic soils. According to 
the triangle soil, the soil of Mendong was medium loam 
while the soil of Minkoa-Meyos belonged to the clay loam. 
Minkoa-Meyos soil seemed to be more acid and holds 
more water. Mendong soil contained more kations, 
phosphorus, organic carbon, and total nitrogen than 
Minkoa-Meyos soil (Table 2). 
 

 

Effect of endosulfan on dehydrogenase activities 

 
The effects of endosulfan on dehydrogenase activities on 
soils are illustrated in Figure 1. There were two phases in 
the evolution of dehydrogenase activity histograms 
regardless of the soil type. One phase was from the 1st 
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Figure 2. Effect of endosulfan on glucosidase activity of the soils from (a) Minkoa-Meyos, (b)  
Mendong after the addition of different rates of endosulfan. 

 

 

to the 30th day of incubation, characterized by the 
stimulation of this activity in the Mendong soil while in the 
Minkoa-Meyos soil, there was no measurable effect of 
endosulfan on the dehydrogenase activities and the other 
phase was after 60 days of incubation, where the addition 
of endosulfan in both soils inhibited the dehydrogenase 
activities. This inhibition showed dose-response results 
and was more sensitive at 75th day particularly in the 
Minkoa-Meyos soil. The inhibitory action was expressed 

as 50% inhibitory concentration (IC50). At the 60th day, 

the IC50 was 28.53 and 5.96 µg/g of dry soil for the 
Minkoa-Meyos and Mendong soil, respectively. At day 

 
 

 

75, the IC50 was 5.14 and 5.83 µg/g of dry soil for the 
Minkoa-Meyos and Mendong soil, respectively. 
 

 

Effect of endosulfan on β-D-glucosidase activities 

 

Before 60 days of incubation, addition of endosulfan 
seemed to increase the activities of β-D-glucosidase as 
compared with the control in Minkoa-Meyos soil (Figure 
2a). However, no significant effect of endosulfan addition 
on the activity of β–D–glucosidase from Mendong soil 
was observed (Figure 2b). In both soils, at the 75th day of 
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Figure 3. Effect of endosulfan on acid phosphatase activity of the soils from (a) Minkoa-Meyos, (b) Mendong 
after the addition of different rates of endosulfan. 

 

 

incubation, the increase of toxins in the soil decreased 
the activity of β-D-glucosidase. This inhibition showed 

dose-response results and the IC50 was 63.37 µg/g of dry 
soil (Figure 2). 
 

 

Effect of endosulfan on phosphatase activities 

 

Generally for short term (time of incubation ≤ 30 days), no 
significant change in the phosphatase activity in the 
Minkoa-Meyos soil was observed. However, the addition 

 
 

 

of endosulfan on Mendong soil increased the 
phosphatase activity. After 60 days of incubation, the 
addition of endosulfan on soil inhibited the activity of 
these enzymes, except in the Mendong soil, where the 
stimulation of this activity for concentrations ≤ 10 µg/g of 
dry soil was observed (Figure 3b). The inhibitory action 

was expressed as 50% IC50. In the Minkoa-Meyos soil, at 

the 60th day of incubation, the IC50 was 18.71 and 10.1 
µg/g of dry soil for acid and alkaline phosphatase activity, 

respectively. At day 75, the IC50 was 13.87 and 18.12 
µg/g of dry soil, respectively. In the soil from Mendong at 
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Figure 4. Effect of endosulfan on alkaline phosphatase activity of the soils from (a) Minkoa-Meyos, (b) Mendong after 
the addition of different rates of endosulfan. 

 
 

 

the 60th day of incubation, the IC50 was 13.87 and 18.12 
µg/g of dry soil for acid and alkaline phosphatase activity 

respectively, while at day 75, the IC50 was 15.5 and 
15.38 µg/g of dry soil for acid and alkaline phosphatase 
activity, respectively (Figure 4). 

 
 
 

 

Effect of endosulfan on organic carbon content 

 

The insecticide treatment schedule used in this 
investigation did not cause any adverse effect on the 
organic carbon content of the soil from Minkoa-Meyos 
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Figure 5. Effect of endosulfan on organic carbon content of the soils from (a) Minkoa-Meyos, (b) Mendong after the 
addition of different rates of endosulfan. 

 

 

after 75 days of incubation (Figure 5a). However, after 60 
days, endosulfan significantly decreased the organic 
carbon content at the highest concentration used on the 
soil from Mendong (Figure 5b). 

 
 

 

Effect of endosulfan on phosphorus availability 

 
Generally, in both soils, after 30 days of incubation, the 
addition of endosulfan increased the availability of 
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Figure 6. Effect of endosulfan on phosphorus availability of the soils from (a) Minkoa-Meyos, (b) Mendong after 
the addition of different rates of endosulfan. 

 
 

 

phosphorus (Figure 6), and this increase was more 
pronounced in the soil from Mendong (Figure 6b). After 
60 days of incubation, a decrease in phosphorus 
availability in both soils was observed, but this inhibition 
was moderated after 75 days of incubation (Figure 6). 

 
 
 

 
Research of correlations between enzyme activity, 
organic carbon content and phosphorus availability 

 
In both soils studied after 75 days of incubation, there 
was no significant correlation between the β-D-glucosidase 



 
 
 

 

activity and the organic carbon content irrespective of the 
concentration. Furthermore, no significant correlation was 
observed between the phosphatase activity and the 
phosphorus available. Nevertheless, in the soil from 
Mendong, at the highest concentration (100 µg/g of dry 
soil), a significant correlation (p < 0.05) between acid 
phosphatase activity, alkaline phosphatase activity and 
phosphorus availability was apparent. 
 

 

DISCUSSION 

 

In this study, certain microbial functions were emphasized 
in order to estimate the non target effects of endosulfan 
on agricultural soils. 
 

 

Effect of endosulfan on enzyme activities 

 

The effect of endosulfan on enzyme activities studied 
generally revealed two phases: Firstly, after 30 days of 
incubation, endosulfan seemed to increase the activities 
of these enzymes in both soils. Usually, after an initial 
toxic effect, the mineralization of the insecticides leads to 
an increase in the substrates for microbial growth, which 
might be the reason for the increase in enzyme activities 
as observed in this investigation. In this case, endosulfan 
becomes a source of carbon for microorganisms (Iqbal et 
al., 2001; Ikeda et al., 2005; Savadogo et al., 2007). In 
support to these findings, Hussan et al. (2005) reported 
that profenophos or profenophos and cypermethrin or 
alphamethrin stimulates the dehydrogenase activity. It 
was also found that, at this time of incubation, there were 
no significant effects of endosulfan on the dehydrogenase 
activity in the soil from Minkoa-Meyos and on β-D-
glucosidase activity in the soil from Mendong. The effect 
of pesticides on microbial activities is delicate and 
sometimes difficult to explain since soil remains a black 
box in the biological functioning point of view. 
Nevertheless, the absence of modification of the enzyme 
activities indicated that, the time of incubation was 
insufficient to induce an effect. The effect of a pesticide 
on soil microorganisms is governed not only by the 
chemical and the physical properties of the pesticide 
itself, but also by the soil type, soil properties, and 
prevailing environmental conditions (Malkomes and 
Wohler, 1983). The dehydrogenase is an intracellular 
enzyme. β-D-Glucosidase is an extracellular enzyme and 
could be protected from degradation by adsorption on 
clays and humic substances (Skujins, 1976; Boyd and 
Mortland, 1990). Moreover, Cervelli et al. (1978) proved 
that an insecticide could stimulate enzymes activities in 
one soil and does not affect or inhibit these activities in 
another soil. It depends on the relationship between the 
pesticide and the microbial population, relationship 
between the pesticide and the enzymes and relationship 

 
 
 
 

 

between the pesticide and the soil colloids.  
Secondly, after 60 days of incubation, endosulfan 

appears to be toxic to the enzymes activities studied. Soil 
microorganisms mostly produce soil enzymes. The 
inhibition observed could be explained by the fact that 
endosulfan inhibited microorganisms involved in this 
activities. In support to these findings, Nisha et al. (2006) 
reported that dehydrogenase have also recorded a 
gradual decline in its activity with increasing number of 
sprays of monocrotophos and endosulfan. Soil 
dehydrogenase activity was inhibited by methamidophos, 
fenpropathrin, endosulfan + dimethoate and bifenthrin +  
ethion (http://www-
naweb.iaea.org/nafa/fep/public/pakistan-impact.pdf).  

Pozo et al. (1995) also reported that chlorpyrifos, an 
organophosphorus insecticide, significantly inhibited the 
acid and alkaline phosphatase activities in the soil. This 
inhibition also showed dose-response results and was 
more sensitive at 75 days of incubation. Increasing 
inhibitory effect on enzyme activity which increases the 
concentration of endosulfan was also recorded by Lal and 
Yadav (2000). 
 

 

Effect of endosulfan on microbial functions studied 

 

The increase in phosphorus available content at the first 
phase of the incubation in both soils could be explained 
by the fact that the enzymes involved in the degradation 
of organic phosphorus were stimulated. On the contrary, 
the decrease in the phosphorus available content was 
due to the inhibition of microorganisms or enzymes 
involved in this transformation. Inactivation of nitrogen-
fixing and phosphorus-solubilizing microorganisms was 
observed in pesticide-contaminated soils (Hussain et al., 
2009).  

The effects of endosulfan on phosphatase activity in 
Mendong soil at 100 µg/g of dry soil were in the same 
direction as for phosphorus available. In fact, the two 
parameters studied were positively correlated. 
Phosphatases are exoenzymes involved in the 
mineralization of organic phosphorus (Ajwa et al., 1999). 
The decrease in phosphorus availability at this 
concentration could be explained by the inhibition of acid 
and alkaline phosphatase activities. It may be that 
endosulfan treatment decreased the number of soil 
bacteria involved in the transformation of organic 
phosphorus. There was no measurable effect of 
endosulfan on organic carbon content in Minkoa-Meyos 
soil at the end of this experiment. The soils contained 
more clays and silt (31 and 24% respectively). Thus, the 
enzymes involved in the transformation of organic carbon 
like β- D- glucosidase could be protected from being 
degraded by adsorption of clays and humic substances 
(Skujins, 1976; Boyd and Mortland, 1990). Kumar and 
Philip (2006) showed that the content of organic matter 



 
 
 

 

was correlated with the coefficients of adsorption. Clays 
can cause chemical conversion of adsorbed organic 
molecules. However, after 60 days of incubation, 
endosulfan significantly decreased the organic carbon 
content at highest concentration in the soil from 
Mendong. Endosulfan could stimulate the activity of 
organisms involved in the organic carbon mineralization. 
Several studies indicated that endosulfan degradation in 
soils was carried out by mushrooms, bacteria and 
Actinomycetes (Martens, 1976; Awasthi et al., 2000). The 
importance of the respiratory activity was related to the 
soil carbon content. The organic carbon mineralization 
could be partially explained by the increase in the 
respiratory rate. Savadogo et al. (2009) reported that, 
endosulfan with amount of 6 µg/g induced a stimulation of 
the respiratory activity of the soils.  

In this investigation, endosulfan was applied at different 
concentrations on the soil and was incubated for 75 days. 
Short-term changes (stimulation) or no changes were 
observed in the activities of the enzymes studied. 
However, at the end of the experimental period, these 
activities were significantly inhibited. Endosulfan 
appeared to have no measurable effect on the organic 
carbon content and the availability of phosphorus in 
Minkoa-Meyos soil. On the contrary, these two functions 
were inhibited in the soil from Mendong. Moreover, 
significant correlations in this soil at the highest 
concentration were obtained between phosphatase 
activities and the available phosphorus. 
 

 

ACKNOWLEDGMENT 

 
The authors acknowledge the financial assistance 
provided by the laboratory of general Biology, Faculty of 
Science, University of Yaoundé I, Cameroon. 
 
 
REFERENCES 
 
Awasthi N, Ahuja R, Kumar A (2000). Factors influencing the 

degradation of soil applied endosulfan isomers. Soil Biol. Biochem., 
32: 1697-1705. 

Ajwa HA, Deil CJ, Rice CW (1999). Changes in Enzymes activities and 
microbial biomass of tallgrass praire soil as related to burning and 
nitrogen fertilization. Soil Biol. Biochem., 31: 769 -777.  

Boyd SA, Mortland MM (1990). Enzyme interactions with clay and clay 
organic matter complexes. In: Bolag JM, Stotzky, Dekker M (eds) Soil 
Biochemistry New York.  

Brooks PC (1995). The use of microbial parameters in monitoring soil 
pollution by heavy metals. Biol. Fertil. Soils, 19: 269-279.  

Bucket JZ, Dick RP (1998). Microbial and soil parameters in relationto N 
mineralization in soils of diverse genesis under differing management 
systems. Biol. Fertil. Soils, 27: 430-438. 

Casida LE, Klein DA, Santoro T (1964). Soil dehydrogenase activity. 
Soil Sci., 98: 371-376.  

Cervelli S, Nannipieri P, Sequi P (1978). Interaction between 
agrochemicals and soil enzymes. In : Burns RG Soil Enzymes. New-
York Ed. Academic Press, pp. 251-293.  

Dick RP (1994). Soil enzyme activities as indicators of soil quality. In: 
Defining soil quality for a sustainable environment. Doran JW, 

 
 

 
 

 
Coleman DC, Bezdicek DF, Stewart BA (eds) SSSA special publication 

No. 35, Madison, Wisconsin, USA, pp. 3-21.  
Domsch KH, Jagnow G, Anderson TH (1983). An ecological concept for 

the assessment of side-effects of agrochemicals on soil 
microorganisms. Res. Rev., 86: 66-105.  

Eivazi F, Tabatabai MA (1988). Glucosidases and galactosidases in 
soils. Soil Biol. Biochem., 20(5): 601-606.  

Eivazi  F,  Tabatabai  MA  (1977).  Phosphatases  in  soils.  Soil  Biol. 
Biochem., 9: 167-172.  

Hamaker JW, Thompson JM (1972). Organic chemicals in the soil 
environment. Marcel Dekker, ed. New-York, pp. 49-143. http://www-
naweb.iaea.org/nafa/fep/public/pakistan-impact.pdf.  

Hussain S, Siddique T, Saleem M, Arshad M, Khalid A (2009). Impact 
of pesticides on soil microbial diversity, enzymes, and biochemical 
reactions. Adv. Agron., 102: 159-200. 

Ikeda  M,  Usami  H,  Mizutani,  Yagi  A  (2005).  Degradation
 of the  

fungicide benthiavalicarbisopropyl in soils. J. Pestc. Sci., 30: 22-30. 
Iqbal Z, Hussain A Latif Asi MR, Chaudhary JA (2001). Impact of  

pesticide applications in cotton agroecosystem and soil bioactivity 
studies In : Microbial population. J. Biol. Sci., 7: 640-644.  

Jordan D, Kremer RJ, Bergfield WA, Kim KY, Cacnio VN (1995). 
Evaluation of microbial methods as potential indicators of soil quality 
in historical agricultural fields. Biol. Fertil. Soils, 19: 297-302.  

Kaplan DL, Hartenstein R (1979). Problems with toluene and the 
determination of extracellular enzymes activity in soil. Soil Biol. 
Biochem., 11: 335-338.  

Kathpal TS, Singh A, Dhankhar JS, Singh G (1997). Fate of endosulfan 
in cotton soil under sub-tropical conditions of Northern India. 
Pesticide Sci., 50: 21-27.  

Khan SU (1980). Pesticides in Soil Environment, Elsevier, Amsterdam 
Kumar M, Philip L (2006). Adsorption and desorption characteristics of  

hydrophobic pesticide endosulfan in four Indian soils. Chemosphere, 
62: 1064-1077.  

Lal N, Yadav R (2000). Effect of endosulfan on activity and extra-
cellular production of phosphatase by Aspergillus fumigantus. Indian 
J. Agric. Sci., 70(9): 627-629.  

Malkomes HP, Wohler B (1983). Testing and evaluating some methods 
to investigate soil effects of environmental chemicals on soil 
microorganisms. Ecotoxicol. Environ. Saf., 7: 284-294.  

Martens R (1976). Degradation of [8,9-14C] Endosulfan by soil 
microorganisms. Applied Environ. Microbiol., 31: 853-858.  

Nannipieri P (1994). The potential use of soil enzymes as indicators of 
productivity, sustainability and pollution. In Soil biota: Management in 
sustainable farming systems. Pankhurst C E, Doube BM, Gupta V S 
R, Grace P R (eds) CSIRO, East Melbourne, pp. 238-244.  

Nannipieri P, Ceccanti B, Gregos S (1990). Ecological significance of 
the biological activity in soil. In: Soil Biochemistry. Bollag, J. M., 
Stotzky G. (eds). Marcel Dekker, New York, 6: 293-355.  

Nisha K, Shahi DK, Sharma A (2006). Effect of endosulfan and 
monocrotophos on soil enzymes in acid soil of Ranchi. Pestology, 
30(11): 42-44. 

Olsen SR, Cole CV, Watanable FS, Dean LA (1954). Estimation of 
available phosphorus in soils by extraction with sodium bicarbonate 
USDA Cir, p. 939.  

Pozo C, Toledo MV, Rodelos B, Gonzoles LJ (1995). Effect of 
chlorpyrifos on soil microbial activity. Environ. Toxicol. Chem., 14: 
187-192. 

Savadogo P W, Lompo F, Coulibaly K, Traoré O, Sedogo M P (2009) A 
microcosm study of endosulfan degradation and its short-term effect 
on pH and biological parameters of cotton zones soils of Bukina 
Faso. J. Environ. Sci. Technol., 2(1): 12-21.  

Savadogo PW, Savadogo A, Ouattara A S, Sedogo PM, Traoré AS 
(2007). Anaerobic biodegradation of sumithion, an 
organophosphorus insecticide used in Burkina Faso agriculture by 
acclimatized indigenous bacteria. Pak. J. Biol. Sci., 10: 1896-1905.  

Savadogo PW, Traoré O, Topan M, Tapsoba HK, Sedogo PM, Bonzi 
Coulibaly YL (2006). Variation of pesticides residues concentration in 
the cotton zone soils of Burkina Faso. Afr. J. Environ. Sci., 1: 29-39.  

Schäffer A (1993). Pesticide effects on enzyme activities in soil 
ecosystems. In: Soil Biochemistry. Bollag JM, Stotzky G (eds) 



 
 
 

 
Marcel Dekker, New York, 9: 273-340.  
Siddique Tariq, Benedict C, Okeke Arshad M, Frankenberger WTJ 

(2003). Enrichment and isolation of endosulfan-degrading 
microorganisms. J. Environ. Qual., 32: 47-54.  

Skujins J (1976). Extracellular enzymes in soil. Crit. Rev. Microbiol., 4: 
383-421.  

Sutherland TD, Horne I, Lacey MJ, Harcourt RL, Russell RJ, Oakeshott 
JG (2000). Enrichment of an endosulfan degrading mixed bacterial 
culture. Appl. Environ. Microbiol., 66: 2822-2828.  

Tabatabai MA (1982). Soils enzymes. In : A.L. Page, R.H. Miller & D.R. 
Keeney (eds). Methods of soil analysis, part 2. Chemical and 

microbiological properties. Agronomy Monogrpah no 9 (2
nd

 ed.), 
Wisconsin, USA, pp. 903-947.  

Tabatabai MA, Bremmer JM (1969). Use of P-nitrophenylphosphate for 
essay of soil phosphatase activity. Soil Biol. Biochem., 1: 301-307.  

Tapsoba HK, Bonzi-Coulibaly YL (2006). Cotton production and waters 
pollution by pesticides in Bukina Faso. J. Soc. Ouest-Afr. Chim., 21: 
87-93. 

 
 
 
 

 
Tariq MI, Afzal S, Hussain I (2006). Degradation and persistance of 

cotton pesticides in sandy loam soils from Punjab. Pak. Environ. 
Res., 100: 184-196.  

Tomlin CDS (2000). The pesticides Manual. 12th Ed., Version 2.0 
British Crop Protection Council, Berkshire, U.K., ISBN 1-901396-12-
6, p. 1276.  

Tu CM (1995). Effect of five insecticides on microbial and enzymatic 
activities in sandy soi., J. Environ. Sci. Health, 30(3): 289-306.  

Tu CM (1970). Effect of four organophosphorus insecticides on 
microbial activities in soils. Appl. Microbiol., 19: 479-484.  

UNEP (2007). Proposal for listing Endosulfan in the Stockholm 
Convention on Persistent Organic Pollutants, Stockholm Convention 
on Persistent Organic Pollutants Persistent Organic Pollutants 
Review Committee, Third meeting, Geneva, 19–23 November.  

Walkey A, Black I A (1934). An examination of the Degtjareff method for 
determining soil organic matter and proposed modification of the 
chromic acid titration method. Soil Sci., 37: 28-38. 


