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ARTICLE INFO ABSTRACT

In the present study the pot experiments for Groundnut crop were conducted to investigate
the effect of fungicide (Carbendazim) and herbicides (2,4-D and Atrazine) on certain
beneficial rhizospheric microorganisms, significant negative effect were observed. The Total
count of bacteria, fungi and actinomycetes were lower in treated soil than in the untreated
soil also Rhizobium, Azospirillum and Phosphate Solubilizing Bacteria number were
reduced in treated soil. The period of retardation or stimulation in growth differed according
to the type of pesticide and type of microorganisms in rhizosphere. Soil enzymes activity
were reduced with application of Carbendazim, 2,4-D and Atrazine. Soil containing
Rhizobium, Azospirillum and Phosphate Solubilizing Bacteria help in increasing soil urease,
dehydrogenase and phosphatase activities in presence and absence of above pesticides
(fungicide and herbicides) and minimizing of negative effect of fungicide (Carbendazim)
and herbicides (2,4-D and Atrazine) on soil enzymes.

INTRODUCTION
Chemical pesticides are commonly use by farmers and corporate
in agriculture to protect the crops, but these activities are depleting
the soil fertility and Soil health. The use of chemical pesticides in
Indian agriculture drastically increased in recent years. The word
pesticides include a heterogeneous group of chemicals developed
to control a variety of pests. Pesticides are generally categorized
as insecticides, herbicides and fungicides according to the type of
pest which they have shown efficacious action (Miligi et al.,
2006). The first biota that undergoes direct and indirect impacts
of toxic substances introduced to soil is soil microflora. Due to its
fast response to contaminants, ubiquity, size and recycling of
elements soil microflora is fit to act as a “biomarker” revealing the
negative effects of pesticides treatment and is commonly used in
ecotoxicological tests to evaluate the influence of chemicals on
soil system as concluded by (Doelman and Vonk, 1994; Edwards
et al., 1996; Doran and Zeiss, 2000). As microorganisms play an
important role in many soil biological processes, including
nitrogen transformations, organic matter decomposition, nutrient
release and their availability, as well as stabilize the soil structure
and affect its fertility, investigated by (Vyas, 1988; Edwards and
Bater, 1990; Khan and S cullion, 2000). However soil is the most
important site of biological interactions. The indiscriminate use of
pesticides disturbs the soil environment by affecting flora and
fauna including soil microbial flora, soil enzymes and also the
physicochemical properties of soil like PH, salinity, alkalinity
leading to infertility of soil. The important microflora, beneficial
for the growth of plants includes nitrogen fixing bacteria and
Phosphate Solubilizing Bacteria, present in the rhizosphere of the
plant. The application of chemical pesticides may adversely affect

the function of these rhizospheric microorganisms. While the
fertility of the soil depends on the number and type of
microorganisms present in the soil. Although, pesticides are
intended to protect crops, they may affect non-target organisms
and contaminate soil environment resulting in alterations the
equilibrium of soil processes for shorter or longer periods. (TU,
CM and Miles, 1976) studied that pesticides reaching the soil
affect non target organisms and their activities.
Soil enzymes are known to play a substantial role in maintaining
soil health and its environment. The enzymatic activities in soil
are mainly microbial origin, and derive from intracellular, cell-
associated or free enzymes. Soil enzymes are a group of enzymes
whose inhabitants are soil and are continuously playing an
important role in maintaining soil ecology, physical and chemical
properties, fertility and soil health. Soil enzymes act as mediators
and catalysts of biochemical processes, therefore play important
roles in soil functions, such as Carbon and nutrient cycling,
decomposition and soil organic matter formation (Tripathi et al.,
2007; S S An, Zheng and Zhang et al., 2008). The activity of soil
enzyme can also indicate microbial activity and substrate
availability (Wallenstein et al., 2009) and respond immediately to
change in soil environment (Kandeler et al., 1999). Soil enzymes
play a fundamental role in establishing biogeochemical cycles.
Enzyme activity in soil results from the activity of accumulated
enzymes and from enzymatic activity of proliferating
microorganisms (Kiss et al., 1975). As, urease enzyme is
responsible for the hydrolysis of urea fertilizers applied to the soil
into ammonia and carbondioxide with the concomitant rise in soil
pH (Andrews et al., 1989, Byrnes and Amberger, 1989). Soil
urease originates mainly from plants (Polacco, 1977) and
microorganisms found as both intra and extra cellular enzymes
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(Burns 1986, Mobley and Hausinger, 1989). Soil dehydrogenase
enzymes are one of the main components of soil enzymatic
activities participating in and assuring the correct sequence of all
the biochemical routes in soil biogeochemical cycles.

The soil dehydrogenase activity in soil provides correlative
information on the biological activity and microbial populations in
soil in other words dehydrogenase enzyme activity is commonly
used as an indicator of biological activity in soil (Burns, 1978).
Soil dehydrogenase is not residing extracellular in the soil but
exist in soils as integral parts of intact cells. Phosphatase enzymes
are believed to play critical roles in Phosphorus cycles in soil
ecosystems (Speir and Ross, 1978) also reported that the activities
of phosphatases (like those of many hydrolases) depends on
several factors such as soil properties, soil organism interactions,
plant cover, leachate inputs and the presence of inhibitors and
activators. Phophatase enzymes play a key role in the soil system
and good indicators of soil fertility (Eivazi and Tabatabai, 1977).
This is an extracellular enzyme in soil and produced by many
organisms in the soil. The present study was under taken, as
groundnut crop regularly grown in India to meet the demand.
However, farmers are indiscriminately using the herbicides and
fungicides to protect their groundnut crops. The present study
was, to investigate the impact of herbicides and fungicide (which
is commonly applied) on groundnut crop rhizospheric soil and
ultimately impact on soil microorganisms and its soil enzymes
(Urease, Phosphatase and Dehydrogenase) which directly and also
indirectly affect crop yield.

MATERIAL AND METHODS
Setting up of Pot experiments

Soil samples were collected in bulk from rhizosphere of different
Groundnut crop fields from rural area of Andhra Pradesh region,
India. The soil collected from the depth (0-15 cm) after scrapping
off the surface litter and treated as a single unit, to obtain as
composite sample. Collected soil samples were mixed and
prepared composite soil for the experiments. 5kgs of soil was
taken from the composite soil for each pot. Soil was gently air
dried to the point of soil moisture suitable for sieving, and sieved
through 2mm sieved and checked the following initial physical
and chemical parameters i.e., Organic carbon content, Electrical
Conductivity, pH, Sodium and Calcium, the total nitrogen
content, Phosphorus and Potassium to know the initial soil
condition suitable for groundnut crop.

Fungicide and Herbicides

In the present study one (1) fungicide and two (2) herbicides were
used, a fungicide Carbendazim (C9H9N3O2) a widely used
broad-spectrum benzimidazole fungicide and Herbicides 2,4-D
(C8H6Cl2O3) and Atrazine (C8H14Cl N5)  a (triazine herbicides)
are the active ingredients of the fungicide and herbicides,
respectively. The recommended dose of fungicide and herbicides
and method for application was adopted.

Plants

Groundnut plant, Arachis hypogaea, TG 37A variety was used in
the experiments; seeds were used as three seeds per pots were
sown directly in pots filled with 5kg soil. The seedlings were
thinned to one plant per pot, giving due consideration to
uniformity of seedling sizes.

Isolation of microorganisms and analysis

Soil samples were collected from rhizosphere of groundnut crop
plants pots in triplicates frequently after 7, 14, 21, 28 and 35 days
of plantation, the numbers of microorganisms were determined
using the dilution plate methods and appropriate agar media. The
numbers of Colony Forming Units (CFU) in the selective media
were determined by means of the serial dilution technique and the
spread plate method. The total numbers of colonies were counted
frequently after 7, 14, 21, 28, and 35 days and also on critical
stages of crop growth and average number of colonies were
calculated for 1g of dry soil (CFU. g-1 DM). For enumeration of
microorganisms, 10g of soil (dry basis) was placed in a sterile
Erlenmeyer flask with 90 ml sterile water and shaked on rotary
shaker for 30 minutes. Transferred 10ml of soil suspension to
90ml sterile water and shaked vigorously for few minutes and
serially diluted. Soil suspension, 0.1 ml was spreaded with a
flamed “L-shaped glass rod” and Plates were incubated. After
incubation colonies counted and isolated to obtained pure culture
for further investigation in laboratory. Total number of colonies of
Bacteria, Fungi, Actinomycetes, Rhizobium, Azospirillum and
Phosphate Solubilizing Bacteria (PSB) were inoculated and
counted on appropriate and suitable media like Nutrient Agar,
Martin’s Medium, Kenknight’s Agar media, Yeast Extract
Mannital Agar (YEMA), Semi-solid sodium malate medium,
Pikovskaya’s solid medium respectively.

Soil enzymes activity

Three important enzymes of soil (urease, dehydrogenase and
phosphatase) were selected to observe the effect. However effect
of these Pesticide (Carbendazim - fungicide and herbicides – 2,4-
D and Atrazine) on soil enzymes were recorded only at critical
stages of crop growth.
Two critical stages of crop growth were selected:

 Flowering
 Pod filling (Before harvesting)

Effect of fungicide and herbicides on urease was estimated by
determination of urea after incubation of soil samples with urea
solution. This method is known as estimation of the rate of urea
hydrolysis in soils. The method is based on determination of urea
with diacetlymonoxime (DAM) and thiosemicarbazide (TSC)
(Douglas and Bremner, 1970 and 1971). Dehydrogenase activity
(DHA) was determined according to (Casida et al., 1964) as an
index of microbial activity. Activity of alkaline phosphatase was
assayed according to (Tabatabai and Bremner, 1969; Eivazi and
Tabatabai, 1977) using p-nitrophenyl phosphate solution as the
substrate. Clear yellow coloured solution formed as a result of the
action of alkaline phosphatase on the substrate was analyzed
spectrophotometrically at wavelength of 410 nm to measure the
amount of p-nitrophenol released.

RESULTS AND DISCUSSION
The results clearly indicating that in initial days of application of
Pesticides i.e., Fungicide – (Carbendazim) and Herbicides (2,4-D
and Atrazine) drastically reduced the number of Bacteria, fungi,
actinomycetes, and beneficial microflora i.e., Rhizobium,
Azospirillum and Phosphate Solubilizing Bacteria (PSB) in soil
when compared with the untreated (Control) soil. Colonies
decreased with application of fungicide and herbicides. The
results obtained are given in table 1, 2, 3, 4, 5 and 6. The
inhibition in growth in microorganisms was gradually increased in
presence fungicide (Carbendazim) and herbicides (2,4-D and
Atrazine).
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Table 1 Number of Bacteria (Colony forming units) in soil treated with fungicide and herbicides
Application

Period:
Mean Number of colonies forming units (CFU) Bacteria x 10 - 5/g-1 soil treated with fungicide and

herbicides at different application Period
Control I/ -I%* Carbendazim I/ -I%* 2,4-D I/-I%* Atrazine I/-I%*

1st day 121 0 119.6 0 115.3 0 120.6 0
7th day 159.6 31.9 79.3 -33.6 91.6 -20.5 86.3 -28.4
14th day 184.3 52.3 36.6 -69.3 55.6 -51.7 61.6 -48.9
21st day 203.6 68.2 27 -77.4# 35.6 -69.1# 45.6 -62.1
28th day 255.6 111.2 51.6 -56.8 89.3 -22.5 40 -66.8#

35th day 298.6 146.7 78 -34.7 109.6 -4.9 59.6 -50.5
Flowering 397 228.0 97.3 -18.6 138.6 20.2 81.3 -32.5
Pot filling 465.6 284.7 128.6 7.5 198.3 71.9 93 -22.8

*I%= Increment Percentage; -I= Inhibition Percentage; # Maximum inhibition recorded

Table 2 Number of Fungi (Colony forming units) in soil treated with fungicide and herbicides
Application

Period:
Mean Number of colonies forming units (CFU) Fungi x 10 - 3/g-1 soil
treated with fungicide and herbicides at different application Period

Control I/ -I%* Carbendazim I/ -I%* 2,4-D I/ -I%* Atrazine I/ -I%*

1st day 15.6 0 14.3 0 15.3 0 15 0
7th day 28.3 81.4 6 -58.0 10 -34.6 9.3 -38

14th day 41.6 166.6 1.3 -90.9# 8.6 -43.7# 3.6 -76#

21st day 66.3 325 4.3 -69.9 11.3 -26.1 4.6 -69.3
28th day 70.6 352.5 7 -51.0 19.3 26.1 6.3 -58
35th day 72.3 363.4 10.3 -27.9 29.6 93.4 11 -26.6

Flowering 81.3 421.1 16.6 16.0 35.3 130.7 18.3 22
Pot filling 91.6 487.1 28.3 97.9 41.6 171.8 27.3 82

*I%= Increment Percentage; -I= Inhibition Percentage; # Maximum inhibition recorded

Table 3 Number of Actinomycetes (Colony forming units) in soil treated with fungicide and herbicides
Application

Period:
Mean Number of colonies forming units (CFU) Actinomycetes x 10 - 5/g-1 soil treated with

fungicide and herbicides at different application Period

Control I/ -I%* Carbendazim I/ -I%* 2,4-D I/ -I%* Atrazine I/ -I%*

1st day 123.6 0 120.3 0 123 0 124.6 0
7th day 133.3 7.8 91.3 -24.1 101.3 -17.6 90.3 -27.5
14th day 174.3 41.0 80.3 -33.2 92.6 -24.7 70.3 -43.5
21st day 189.6 53.3 68.6 -42.9# 80.3 -34.7# 68.6 -44.9#

28th day 197.3 59.6 94.6 -21.3 104.3 -15.2 73.3 -41.1
35th day 213.6 72.8 99.6 -17.2 121.6 -1.1 79.3 -36.3

Flowering 248.3 100.8 117.6 -2.2 139.6 13.4 96 -22.9
Pot filling 279.6 126.2 132.3 9.9 151.3 23.0 126.6 1.6

*I%= Increment Percentage; -I= Inhibition Percentage; # Maximum inhibition recorded

Table 4 Number of Rhizobium (Colony forming units) in soil treated with fungicide and herbicides
Application

Period:
Mean Number of colonies forming units (CFU) Rhizobium x 10 - 5/g-1 soil

treated with fungicide and herbicides at different application Period
Control I/ -I%* Carbendazim I/ -I%* 2,4-D I/ -I%* Atrazine I/ -I%*

1st day 61.3 0 62.3 0 64 0 60.6 0
7th day 88.6 44.5 50.3 -19.2 57.3 -10.4 49.3 -18.6

14th day 103 68.0 41.6 -33.2 43.6 -31.8# 31 -48.8
21st day 117.6 91.8 40.3 -35.3# 48.3 -24.5 28.6 -52.8#

28th day 127.3 107.6 49.3 -20.8 59.6 -6.8 37.3 -38.4
35th day 136.3 122.3 63.3 1.6 71.3 11.4 49.6 -18.1

Flowering 150.6 145.6 83.6 34.1 99.6 55.6 60.2 -0.6
Pot filling 183.3 199.0 103 65.3 134.3 109.8 91.3 50.6

*I%= Increment Percentage; -I= Inhibition Percentage; # Maximum inhibition recorded

Table 5 Number of Azospirillum (Colony forming units) in soil treated with fungicide and herbicides
Application

Period:
Mean Number of colonies forming units (CFU) Azospirillum x 10 - 5/g-1 soil

treated with fungicide and herbicides at different application Period
Control I/ -I%* Carbendazim I/ -I%* 2,4-D I/ -I%* Atrazine I/ -I%*

1stday 22 0 21.3 0 22.6 0 20.1 0
7th day 29.6 34.5 17.6 -17.3 19.3 -14.6 16 -20.3

14th day 42.3 92.2 13.3 -37.5 13.6 -39.8# 11.3 -43.7
21st day 49.6 125.4 11 -48.3# 23.3 3.09 8.6 -57.2#

28th day 57.3 160.4 19.3 -9.3 28.3 25.2 13 -35.3
35th day 62.3 183.1 25.6 20.1 34.3 51.7 19.6 -2.4

Flowering 72 227.2 37.3 75.1 45.6 101.7 30.3 50.7
Pot filling 85.6 289.0 49.6 132.8 58.6 159.2 44.6 121.8

*I%= Increment Percentage; -I= Inhibition Percentage; # Maximum inhibition recorded
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The maximum inhibition in growth of microorganisms was
recorded on 14th and 21st day. The inhibition in growth of
microbial flora gradually reduced from 21st day in fungicide and
herbicides treated soil. As the result the total number of Bacteria,
fungi, actinomycetes, Rhizobium, Azospirillum, and Phosphate
Solubilizing Bacteria (PSB) gradually increased from 21st day.
Soil enzymes activity was not affected in untreated (Control-
without fungicide and herbicides) soil which is indicating that
containing Rhizobium, Azospirillum and Phosphate Solubilizing
Bacteria (PSB) help in urease, dehydrogenase and phosphatase
enzyme activities respectively. In contrast to untreated soil, soil
treated with fungicide and herbicides were showed reduction of
soil enzyme activities. The soil which was treated with fungicide
and herbicides along with the microorganisms Rhizobium,
Azospirillum and Phosphate Solubilizing Bacteria (PSB) help in
activities of Urease, Dehydrogenase and Phosphatase (Table 7).
This type of activity was not recorded where Rhizobium,
Azospirillum and Phosphate Solubilizing Bacteria were not
introduced in the soil, indicating that they are neutralizing the
negative effect of fungicide and herbicides on soil enzymes
activity. This condition signifying that the application of fungicide
(Carbendazim) and herbicides (2,4-D and Atrazine) in agricultural
soil particularly groundnut crop cultivating soil leads to decrease
the total numbers of soil microorganisms at initial period and as
well as negatively affect the soil enzymes activities especially
urease, dehydrogenase and phosphatase.

But negative effect of  fungicide (Carbendazim) and herbicides
(2,4-D and Atrazine) on soil enzymes can be reduce by
application of  biofertilizers like rhizobium, azospirillum and
Phosphate Solubilizing Bacteria (PSB) in the soil along with
fungicide (Carbendazim) and herbicides (2,4-D and Atrazine).

CONCLUSION
The present study revealed that there is a negative effect of
pesticides ie., fungicide and herbicides on rhizospheric microbial
flora of groundnut crop on common and beneficial rhizospheric
microorganisms and but the negative effect of pesticides i.e.,
fungicide and herbicides on soil enzymes can be minimized if
biofertilizers like Rhizobium, Azospirillum and Phosphate
Solubilizing Bacteria (PSB) introduced in the rhizospheric soil
when fungicides and herbicides are applied.
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