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A pot culture experiment was conducted to investigate the effect of pesticides – 2,4-D (herbicide), 
endosulfan (insecticide) and dithane M-45 (fungicide) at their field application rates (1.0, 2.0 and 1.5 kg 
a.i ha

-1
), respectively, on the available Diethyl Triamine Pentacetic acid (DTPA) extractable copper (Cu), 

manganese (Mn) and zinc (Zn) along with the population of viable bacteria and fungi in new alluvial soil 
(Typic haplustepts). The results reveal that as compared to control, 2,4-D effectuated a significant 
increase in the population of total bacteria (up to 21.1%) and fungi (33.7%) besides available Cu (21.7%) 
and Zn(119.4%) during later stages and Mn (8.7%) almost throughout the incubation period though there 
was significant progressive immobilization of Cu (17.7%) during initial stages. Endosulfan, contrarily 
caused significant reduction of total bacteria (up to 18.4%), fungi (13.1%) and immobilization of Zn 
(42.1%) during later stages, Cu (10.3%) in the intermediary stage and Mn (64.7%) almost  throughout. 
Dithane M-45, however, resulted in a significant increase in available Cu (13.2%) and Mn (3.38%) in the 
intermediary stage in spite of inducing detrimental influence on fungi (18.7%) and immobilization of Zn 
(12.9%) during intermediary stage and Mn in early (3.0%) and late stages (6.7%) of incubation. Among 
the pesticides used in the investigation, the performance of herbicide (2,4-D) was encouraging in almost 
every aspect. 
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INTRODUCTION 
 
Pesticides are chemicals generally used to eradicate 
pests. Among them, herbicides, insecticides and fungi-
cides are widely adopted in present day agriculture for 
combating weeds, insects and pathogenic fungi, respec-
tively. Irrespective of their mode of application - foliar or 
direct, the chemical get an entry to soil which is also the 
niche of innumerable micro flora and micro fauna indis-
pensible for various biochemical transformations related 
to mineral nutrition of economically important plants. So it 
is imperative to study the behavior of pesticides in soil 
ecosystem comprising of biotic and abiotic entities (Van 
Ferd et al., 2003). Usually at recommended doses, the 
impact of most of pesticides is advantageous for the 
growth of microorganisms as evidenced by Das et al. 
(2003) Sigler and Turco (2002) and Zhang et al. (2010) 

with insecticides, fungicides and herbicides, respectively, 
on bacterial population and Das et al. (2005) and Devi et 
al. (2008) with insecticide and herbicide, respectively, on 
fungal population in soil. On the contrary, there are pesti-
cides that adversely interfere with the metabolic pro-
cesses of microorganisms resulting in diminutive growth 
as suggested by Ahmed and Ahmad (2006) Sigler and 
Turco (2002) and Shukla and Mishra (1997) with insecti-
cides, fungicides and herbicides, respectively, on bacte-
rial population and by Huijun et al. (2011) and Sigler and 
Turc (2002) and Gupta et al. (2011) with insecticides, 
fungicides and herbicides, respectively, on fungal popu-
lation in soil. However, some of the pesticides exert non 
significant influence on microbial population in soil as 
revealed by Palaniswami et al. (2002); Sigler and Turco
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(2002) and Devi et al. (2008) with insecticides, fungicides 
and herbicides, respectively, on bacterial population and 
Palanaswami et al. (2002) and Ramesh and 
Nadanassababady (2005) for insecticide and herbicide, 
respectively, on fungal population in soil. 

A few among the functional or metabolic nutrient re-
quired only in fractions but absolutely necessary for biotic 
entities, are therefore known as micronutrients. The 
importance of micronutrient in biotic life needs hardly any 
emphasis (Clarkson and Hanson, 1980) as they are co-
factors of enzyme associated with metabolic processes 
regulating the growth, development and reproductive 
functions of life (Deb et al., 2009). Out of them, man-
ganese is associated not only with chlorophyll synthesis 
but also as an integral component of respiratory enzymes 
(Deb et al., 2009). Manganese is, moreover, required in 
nitrogen metabolism (Brady and Well, 2002) while copper 
is an indispensable component of the enzymes - ascorbic 
acid oxidase, laccase and tyrosinase- involved in redox 
reactions (Deb et al., 2009). Copper is also involved in 
the utilization of ammonium nitrogen in plant metabolism 
(Marschner, 1995). Zinc, however, is linked to auxin syn-
thesis (Deb et al., 2009) besides being a vital force 
behind proper carbon metabolism as well as water 
absorption in plants (Coyne, 2001). 

Soil ecosystem is the active site of various biochemical 
transformations involved in plant nutrition wherein various 
microorganisms take an active part (Tate, 2000). Nutrient 
elements including micronutrients are transformed from 
the organic and inorganic components of soil by different 
groups of microorganisms through various biochemical 
mechanisms (Stevenson and Cole, 1986). The nutrients 
become accessible only if the rate of mineralization ex-
ceeds immobilization. Micro-organisms also regulate 
oxidation-reduction reactions and thereby determine 
accessibility or deficiency of nutrients. Pesticides interfere 
with soil ecosystem and thus impart differential influence 
on the availability of micronutrient elements (Davet, 
2004).  

In this context, increment in the level of available cop-
per, manganese and zinc by the application of insecti-
cides, fungicides and herbicides was reported by several 
workers (Jana et al., 1994; Wainwright and Pugh, 1974; 
Das, 1997). Contrarily, there are also reports revealing a 
reduction in the level of available copper, manganese 
and zinc by the application of insecticides, fungicides and 
herbicides in soil (Pal et al., 1979; Lane et al., 2012).  

The diverging state of facts concurrently propounds an 
intensive investigation on effect of pesticides on available 
cationic micronutrients along with viable bacteria and 
fungi in soil. 
 
 
MATERIALS AND METHODS 
 

The investigation was carried out with earthen pots in the laboratory 

of the Department of Agricultural Chemistry and Soil Science, 
Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West 
Bengal, India. 
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Table 1. Physico-chemical and microbiological properties of 
soil.  
 

Soil characteristic  Status 

Type of soil Alluvial 

Soil taxonomy Typic haplustepts 

Coarse sand (%) 44.54 

Fine sand (%)  20.42 

Silt (%) 16.82 

Clay (%) 18.21 

Soil p
H  

(1: 2.5 w/v) in water 6.82 

Organic carbon (g kg
-1

) 7.00 

Total nitrogen (g kg
-1

) 0.69 

Available phosphorus (kg ha
-1

)  42.00 

Available potassium ((kg ha
-1
) 145.00 

Available cupper (mg kg
-1

) 0.50 

Available manganese (mg kg
-1
) 4.30 

Available zinc (mg kg
-1

) 1.00 

Total bacteria (cfu  106g-1 dry soil) 65 

Fungi (cfu  104g -1 dry soil) 50 

 
 

 
Collection of soil 
 

Typical gangetic alluvium (inceptisol) soil was collected from the 
University Instructional Farm. Surface soil samples (0 to15 cm 
depth) gathered from monoculture (Kharif rice) cultivated field were 
air dried and passed through 80 mesh sieve. The physico-chemical 
and microbiological properties of the soil are delineated in Table 1. 
 
 
Experimental 
 

100 g of soil was thoroughly mixed with urea, single super phos-
phate and muriate of potash at the rate of 100 Kg N, 50 Kg P2O5 
and 50 kg K2O ha

-1
, respectively and placed in small earthen pots. 

Then each of three pesticides, endosulfan (35 EC) at 2.0 kg a.i. ha
-

1
, dithane-M 45 at 1.5 kg a.i. ha

-1
 and 2,4-D (38 EC) at 1.0 kg a.i. 

ha
-1 

were again blended, each separately with three replications. A 
triplicate control treatment (without any pesticide) was also main-
tained. The moisture content of soil in each pot was adjusted to 
50% of water holding capacity of soil by compensating the loss in 

weight with deionized water on every alternate day. Then each pot 
was incubated at 37 ± 1°C for 90 days. 
 
 

Sample collection and analysis 
 

Soil samples were collected from each of the respective pot on the 
5

th
, 10

th
, 15

th
, 30

th
, 60

th
 and 90

th
 day of incubation for microbiological 

and chemical analysis. The colony forming units (cfu) of bacteria 

and fungi were enumerated by serial dilution and pour plate tech-
nique (Pramer and Schmidt, 1965) in asparagine-mannitol agar 
(Thronton, 1922) and rose bengal agar (Martin, 1950) media, res-
pectively. The changes in the available cationic micronutrients 
(Zinc, Copper, and Manganese) were estimated by using atomic 
absorption spectrophotometer following the DTPA extraction 
method described by Lindsay and Norvell (1978). 
 
 
Statistical analysis 

 
The results were evaluated by analysis of variance (ANOVA), and
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Days  

 
Figure 1. Effect of pesticides on the proliferation of total bacteria and fungi in soil:  

         Control,                Endosulfan,         Dithane M-45,       2,4-D. (Mean of three 

replicated pots along with SD are shown) 
 

 
 

the statistical significance (P=0.05) of difference between means 
within factors (pesticides and incubation time) was evaluated using 
Completely Randomized Design following the method of Gomez 
and Gomez (1984).  
 

 

RESULTS AND DISCUSSION 
 

Effect of pesticides on microbial population in soil 
 

Application of different types of pesticide in soil brought 
about differential influence on the population of total 
bacteria and fungi: the chemoheterotrophs, deriving energy 
and carbon from organic sources for cell synthesis 
(Figure 1). Similar observations were also reported earlier 
(Paul et al., 2010). Among the pesticides 2,4-D in spite of 
imparting non-significant influence during initial stages, 
effectuated a progressive significant enhancement from 
7.1 and 11.8% on the 60

th
 day to 21.1 and 33.7 on the 

90
th
 day on the population  of total bacteria and fungi, 

respectively as compared to that of the control in soil. 
The results substantiate the findings of Minhang et al. 
(2001) manifesting the utilization of degraded products of 
herbicide as energy and nutrient sources by those in soil 
(Samanta et al., 2005). Moreover, the role of dead cells 
of susceptible organisms in furnishing energy and nu-
trient sources for the accelerated growth of organisms 
during the later stages of incubation cannot be ruled out 
(Agnihotri et al., 1981; Giri et al., 2006). Sustaining the 
report of Das et al. (1998), endosulfan brought about 
significant detrimental influence on bacterial population 
from the 60

th
 to 90

th
 day and fungal population from the 

15
th
 and 90

th
 day. The highest reduction corresponding to 

18.9% on the 60
th
 day and 13.1% on the 30

th
 day for bac-

teria and fungi, respectively, was registered, despite indu-
cing non-significant effect during initial stages of incuba-
tion. Significant harmful effect during later stages in spite 

of non-significant influence during initial stages pointed 
out the activation process by which nontoxic substrates 
are converted to toxic molecules (Alexander, 1977; 
Roychawdhury et al., 1999). The fungicide - Dithane M-45, 
however, caused non-significant influence on the popula-
tion of total bacteria in soil despite inducing a gradual 
significant reduction in fungal community from 12.9% on 
the 15

th
 day to 18.7% on the 30

th
 day as com-pared to 

that of control following non-significant influence during 
initial period which also enlighten the activation process. 
However the harmful effect of that chemical did not last 
long and there was a significant rise in fungal population 
on the 60

th
 day with the reflection of 8.2% increase over 

the control advocating not only the degradation of toxic 
chemicals but also rapid utilization of susceptible dead 
cells as energy and nutrient sources for the multiplication 
of succeeding generation of fungal cells in soil (Coyne, 
2001).   
 
 

Effect of pesticides on available cationic micronutrients 
in soil 
 

Herbicide 2,4-D effectuated a gradual significant reduction 
in the level of available Cu from 13.5% on the 5

th
 day to 

17.7% on the 15
th
 day of incubation as compared to that 

of control manifesting the progressive immobilization 
process by which available Cu was transformed to un-
available soil components including cellular components 
of microbes (Figure 2). After a pause (non-significant 
influence), there was a progressive increase in the level 
of the cationic micronutrient from 11.5% on the 60

th
 day 

to 21.7% on the 90
th
 day due to higher proliferation of 

total bacteria and fungi causing greater rate of minerali-
zation of organic components of soil including the biotic 
entities while the pause pointed out the lag phase for 
synthesizing appropriate enzymes for the subsequent
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Figure 2. Effect of pesticides on DTPA extractable Zinc, Copper and Manganese in soil. For other explanation look 

at Figure 1. 
 
 
 

mineralization process (SubbaRao, 2005). The herbicide 
also significantly augmented the level of available Zn 
from 119.4% on 30

th
 day to 96.8% on the 90

th
 day exhi-

biting a decline in the rate of mineralization. In addition 
there was a significant rise in the level of available Mn 
from 10

th
 to 90

th
 day with the highest on 15

th
 day corres-

ponding to 8.7% increase over control. Endosulfan signi-
ficantly decreased the level of available Cu to the extent 
of 10.3% on the 15

th
 day when compared with control due 

to slow rate of mineralization by microorganisms, in gene-
ral, and lower proliferating fungi in particular. The insecti-

cide registered 13.9% increase in level of available Zn on 
the 15

th
 day in spite of non-significant influence during the 

initial period. The extent of increment was dropped to 
11.3% on the 30

th
 day and then there was a significant 

progressive increase in the immobilization of micro-
nutrient from 23.5% on the 60

th
 day to 42.1% on the 90

th
 

day. The chemical also caused progressive immobiliza-
tion of Mn from 4.2% on the 5

th
 day to 64.7% on the 90

th
 

day exhibiting slower rate of mineralization by the lower 
growing micro-organisms. Dithane M-45 caused non-
significant  influence on available Cu on the 5

th
 day there- 
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after the fungicide caused an, on and on, increase in the 
level of available Cu from 11.5% on the 10

th
 day to 13.2% 

on the 15
th
 day of incubation in spite of their non-signi-

ficant or negative influence on bacteria and fungi sug-
gesting abundance of micro-organisms is not the sole 
determining factor in predicting the rate of mineralization 
of nutrient element in soil (Das and Mukherjee, 1994). 
Contrarily, there was a significant fall of 12.9% in the 
level of Zn on the 30

th
 day as compared to that of control. 

The fungicide moreover brought about a significant dimi-
nution of 3.0% in the level of available Mn on the 10

th
 

day. The fungicide again brought about a progressive 
increase in immobilization of available Mn from 1.8% on 
the 30

th
 day to 6.7% on the 60

th
 day following an incre-

ment of 3.4% on the 15
th
 day as compared to that of 

control.  
 
 
Conclusion 
 

From the results, it may be concluded that pesticides 
impart differential influence on available cationic micro-
nutrients as well as viable bacteria and fungi in soil. 
Among the pesticides, the insecticide, endosulfan creates 
detrimental environment on soil ecosystem and so need 
utmost precaution while application. On the contrary, her-
bicide, in general, imparts beneficial influence on the 
available cationic micronutrients as well as microbial 
community. However, fungicide more or less caused both 
beneficial as well as harmful effect on available micro-
nutrients and negative effect on fungi. Among the pesti-
cides, 2,4-D generates the best soil environment. 
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