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Methodology : Three concentrations of monocrotophos (1.0 g kg-1 soil-low T1, 2.0 g kg-1 soil-medium T2, 3.0
g kg-1 soil-high T3) and glyphosate (0.1 g kg-1 soil-low T1, 0.15 g kg-1 soil-medium T2, 0.2 g kg-1 soil-high T3)
were applied to soil. Soil pH, electrical conductivity, organic carbon (OC), available nitrogen, phosphorous
and potassium (NPK) were assessed. Bacterial and fungal population along with activities of exoenzymes
were also studied. Data were analysed using two way ANOVA and Duncan's multiple range test (DMRT).
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Aim : The study aimed to evaluate the effects of various concentrations of organophosphate agrochemicals,
namely monocrotophos and glyphosate on soil chemical parameters, microbial population and activities of
certain vital exoenzymes e.g. invertase, amylase, cellulase, dehydrogenase and protease at 7 days interval
over an incubation period of 84 days.
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Results : Significant variations (p<0.05) of chemical parameters, except P and K, in treated soil between
concentrations and time over the incubation period were observed. Microbial population and exoenzymes
showed significant variations (p<0.05) in response to agrochemical treatments. Invariably, lower microbial
load and enzyme activities were noticed in treated soil relative to control.
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Ø Significant
variations in soil
chemical parameters
such as pH, EC, OC,
N were observed.
Ø Alterations in
microbial population
and exoenzymes
were observed in
monocrotophos
and glyphosate
treated soil.
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Interpretation : The study indicated that monocrotophos and glyphosate at recommended and elevated
concentrations in soil could adversely impact microbial growth. Inhibited microbial population culminated in
lower exoenzyme activity.
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Materials and Methods

In order to protect the crops from large scale pest
infestation and keep the agricultural fields free from undesirable
weeds, a wide range of pesticides and herbicides are
conventionally used. The amount of agrochemicals reaching the
target organisms is about 0.1%, while the remaining bulk
contaminates the soil environment (Carriger et al., 2006; Hussain
et al., 2009). With consistent rise in the use of agrochemicals in
contemporary agriculture, the issue of their impact on the soil
microorganisms and the processes they direct has received
considerable attention (Baxter and Cummings, 2008).

Soil samples were collected from 0-15 cm depth of the
organic agricultural field located in the experimental farm of
Orissa University of Agriculture and Technology, Bhubaneswar,
India. Samples were sieved and unwanted stones, plant and
visible animal materials were removed and then transferred to
rectangular earthen pots (20 cm x 20 cm), each pot containing 1
kg of soil. Technical grades of pesticide, Monocrotophos
(Monsanto) and herbicide, glyphosate (Shriram Dart Plus 71)
were procured from the local market and applied to soil as per
recommended agricultural doses (RAD). Recommended doses
along with one low and high concentration were selected for the
-1
experiment. Monocrotophos was applied @1.0 g kg soil-low (T1),
-1
-1
2.0 g kg soil-medium (T2), 3.0 g kg soil-high (T3); glyphosate at
-1
-1
-1
0.1g kg soil-low (T1), 0.15 g kg soil-medium (T2), 0.2 g kg soilhigh (T3). Control pots were maintained with three replicates of
each treated pots. Moisture was maintained at 40- 50% by
watering the pots every alternate day. The incubation period for
the study was 84 days. Soil samples were collected at random
from the experimental pots at 7 days interval for chemical and
biological analysis. Soil pH and electrical conductivity (EC) were
measured using digital pH meter and conductivity bridge
(Systronics) taking soil and distilled water in 1:5 ratio (Van
Reeuwijk, 1992). Soil organic carbon (OC) was measured
following the method of Walkley and Black (1934). Available
potassium (K) was determined using flame photometer (Jackson,
1973) and available phosphorous (P) was estimated as per Olsen
et al. (1954). Acid digestion method (Hach et al., 1985) was
followed to measure the available nitrogen (N).
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Micro-organisms significantly influence decomposition
and break down of organic compounds (Das and Varma, 2010).
Soil health is closely integrated to the intricate interrelationship
between fauna, flora and microbes. In soil, exoenzymes are
mostly microbial in origin and participate actively in mineralization
and decomposition of organic compounds (Sethi and Gupta,
2015). Enzymes contribute to the total biological activity of the
soil-plant environment under different states (Dick, 1994, 1997).
Microbial population and soil enzyme activities largely depend on
optimal organic matter and other environmental conditions
(Nayak et al., 2011). Agrochemicals, usually extraneous to soil
component pools, are expected to affect the population of
microbes and the behaviour of enzymes (Bollag and Liu, 1990;
Moreno et al., 2006). Pesticides and herbicides may enter the soil
by direct application (agricultural practices) or indirect
applications (accidental spillage, leaks at dump sites, discharge
of wastes from production facilities, urban wastes). It has been
reported that both microbes and their biochemical secretions
could be used to detect the level of toxicity due to xenobiotics in
soil (Bollag and Liu, 1990; Filip, 2002).
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Introduction
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In India, monocrotophos and glyphosate are commonly
used organophosphate agrochemicals in crop lands for plant
protection and weed management, respectively. Due to nonmechanization of application of these chemicals in the field, there
is high probability of excessive application of these chemicals
resulting in an elevated concentration of the residue in soil. High
concentrations of these chemicals are likely to increase
environmental stress on soil microbes (Sethi and Gupta, 2015)
and inhibit their population and functional role. Earlier studies
have shown that consistent application of insecticides can cause
changes in soil properties, microbial population and their
metabolic activities (Filimon et al., 2015). Growth of some
microorganisms was affected by the adverse impact of herbicides
(Sebiomo et al., 2011; Zain et al., 2013).
Information pertaining to the impact of monocrotophos
and glyphosate on soil microbial population and their ecological
functions are limited, and therefore this experimental work was
undertaken to study the effects of these agrochemicals at
various concentrations including the recommended agricultural
dose on bacterial-fungal population, as well as the activities of
certain vital soil exoenzymes.

Microbial population (bacterial and fungal) were
evaluated following serial dilution and spread plate method.
Nutrient agar and potato dextrose agar plates were prepared
separately for bacterial and fungal count, respectively (Parkinson
et al., 1971). Soil exoenzymes (amylase, cellullase, invertase)
were assayed spectrophotometrically following the method of
Ross and Robert (1970) taking starch, carboxymethyl cellulose
and sucrose as substrates. Soil dehydrogenase activity was
observed at 485 nm taking 2% TTC (2, 3, 5-tri phenyl tetrazolium
chloride) as per Casida et al. (1964). The method prescribed by
Ladd and Butler (1972) was followed to determine soil protease
activity using Tris HCl buffer (0.1 M, pH 8.0). Sodium caseinate
was used as substrate for this enzyme activity.

Statistical analyses : The data were analysed through two way
ANOVA and DMRT with the help of SPSS-6.0 to check the level of
significance between treatments at 0.05 level of significance.
Results and Discussion
In response to monocrotophos, the lowest pH value
(6.83) was recorded at 2.0 g kg-1 soil on day 1 and the value was
maximum (8.23) on day 63 at same concentration. The value was
-1
recorded to be minimum (6.8) at 0.1g kg soil glyphosate on day 7
-1
and maximum (8.09) on day 28 at 0.15 g kg soil. The maximum
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EC values were obtained (0.36 and 0.5 mS cm-1) at 1.0 g kg soil,
-1
0.1 g kg soil of monocrotophos and glyphosate on day 42 and
day 7, respectively. Loss in OC in soil was noticed to be maximum
-1
(1.05 g kg soil) on day 70 with monocrotophos treatment at 2.0 g
-1
-1
kg soil. Nitrogen values were minimum (1.1, 0.8 g kg soil) on day
-1
-1
77 in soils with 3.0 g kg soil, 0.2 g kg soil of monocrotophos and
glyphosate, respectively. Phosphorus was found to be lowest
-1
-1
-1
(0.01, 0.02 g kg soil) at 3.0 g kg soil, 0.2 g kg soil of
monocrotophos and glyphosate on days 21 and 77. Potassium
values were found to be very low at different concentrations and
-1
treatments and varied in the range between 0.01-0.03 g kg soil.
The mean along with standard error of all the soil chemical
parameters are presented in Table 1. All the parameters, except
available P and K, indicated significant variations (p<0.05) from
each other and with respect to control.

Earlier reports (Yargholi and Azarneshan, 2014)
indicated that soil pH and EC differed significantly due to pesticide
and fertilizer use. Tariq et al. (2016) reported elevated
conductivity in soil due to high amount of metal ions in fertilizers.
Tahar et al. (2017) reported increase in EC and variation in other
physico-chemical parameters of pesticide treated soil which
depended on the nature of the pesticide and the doses used. The
results of the present study are consistent with these earlier
findings. Nayak et al. (2011) observed an enhanced reduction in
percent OC after treatment with various concentrations of
phosphogypsum in soil, and proposed that OC reduction could be
correlated to microbial respiration and enzyme activity. Baboo et
al. (2003) had earlier observed significant variation in soil organic
carbon in different herbicide treated soils and suggested that at
high concentration, there was noticeable reduction in carbon loss

Fig. 1a : Change in the soil bacterial population treated with monocrotophos (MP) and glyphosate (GP); * indicates significance at p< 0.05.

Fig. 1b : Change in the soil fungal population treated with monocrotophos (MP) and glyphosate (GP); * indicates significance at p< 0.05.
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7.609
a
7.535
7.398ab
ab
7.335
b
7.186
ab
7.461
7.349ab

a

Mean
ab

0.1298
ab
0.1684
ab
0.1407
0.1212b
ab
0.1928
ab
0.1968
0.2639a

Mean
0.029
0.019
0.021
0.023
0.029
0.053
0.083

±SE
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5.64
6.72
5.61
6.78
5.52
4.22
9.57

±SE
b

42.923
49.923a
43.077ab
42.462b
41.385b
43.077ab
34.615c

Mean
8.94
9.48
9.33
8.61
7.83
10.12
6.47

±SE

Fungal population

a

0.1212
0.1191ab
0.1144b
0.1186ab
0.1141b
0.1204a
0.1136b

Mean
0.008
0.007
0.006
0.007
0.007
0.006
0.005

±SE

Amylase

Mean sharing common letter between rows are not significant by DMRT test at p<0.05

62.615
73.077a
a
65.308
a
65.000
a
64.846
55.077c
62.231b

Control
MP T1
MP T2
MP T3
GP T1
GP T2
GP T3

b

Mean

Treatments

Bacteria population

Table 2 : DMRT analysis table of soil biological parameters

a

0.0215
a
0.0175
a
0.0177
a
0.0175
a
0.0179
a
0.0173
0.0179a

Mean

K

0.0026
0.0027
0.0024
0.0025
0.0026
0.0026
0.0026

±SE

a

0.1029
a
0.1042
0.0989b
b
0.0996
b
0.0974
a
0.1005
a
0.1075

Mean

3.646
ab
3.612
ab
3.150
ab
3.265
ab
3.623
4.431a
2.942b

ab

Mean

OC

0.005
0.004
0.004
0.004
0.005
0.006
0.008

a

0.3816
0.3037c
0.3224ab
0.3430a
0.3288ab
0.3830a
0.3122c

Mean

Invertase

0.438
0.422
0.361
0.277
0.426
0.604
0.263

±SE

0.051
0.028
0.030
0.058
0.029
0.030
0.024

±SE

0.0458
0.0775
0.0936
0.1112
0.0597
0.1048
0.1318

±SE

b

0.0791
0.0865ab
0.0936a
0.0673b
0.1058a
a
0.1042
a
0.1130

Mean

0.011
0.012
0.016
0.010
0.012
0.017
0.019

±SE

Dehydrogenase

N

py

2.069
a
2.205
1.997abc
1.805bcd
2.028abc
1.758cd
1.612d

ab

Mean

Co

±SE

Cellulase

line
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0.416
0.392
0.414
0.395
0.336
0.419
0.375

±SE

EC µs cm-1

Mean sharing common letter between rows are not significant by DMRT test at p<0.05

Control
MP T1
MP T2
MP T3
GP T1
GP T2
GP T3

Treatments

pH

Table 1: DMRT analysis table of soil chemical parameters

a

a

0.3348
0.3242b
0.3198b
0.3300a
0.3156b
0.3337a
0.3210b

Mean

0.014
0.016
0.027
0.011
0.018
0.021
0.021

±SE

0.005
0.006
0.005
0.007
0.008
0.009
0.009

±SE

Protease

0.0908
a
0.0800
a
0.0638
a
0.0515
a
0.0869
a
0.0738
0.0531a

Mean

P
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Fig. 2a : Change in soil amylase activity treated with monocrotophos (MP) and glyphosate (GP); * indicates significance at p< 0.05.

Fig. 2b : Change in soil cellulase activity treated with monocrotophos (MP) and glyphosate (GP); * indicates significance at p< 0.05.

Fig. 2c : Change in soil invertase activity treated with monocrotophos (MP) and glyphosate (GP); * indicates significance at p< 0.05.
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Fig. 2d : Change in soil dehydrogenase activity (mg TPF g-1 soil hr-1) treated with monocrotophos (MP) and glyphosate (GP); * indicates significance at
p< 0.05.

Fig. 2e : Change in soil protease activity (mg tyrosine g-1 soil hr-1) treated with monocrotophos (MP) and glyphosate (GP); * indicates significance at p<
0.05.

relative to control soil. In this study, it was observed that soil
treated with monocrotophos and glyphosate negatively impacted
loss of OC which is likely due to lower microbial activity in
agrochemical treated soils relative to control.
The mean along with standard error of all the soil
biological parameters are presented in Table 2. It is evident that
the mean values of all the biological parameters (microbial
population and exoenzymes) at all treatments were found to be
significantly different from the control (p<0.05). On day 70, the soil
bacterial population declined by 79.7% in response to 3.0 g kg-1
soil of monocrotophos. However on day 77, the population

-1

increased by 183.7% at 3.0 g kg soil of monocrotophos.
Glyphosate treated soil showed an increase in bacterial
population by 100% on day 1, but subsequently the population
decreased by 70% on day 21. On day 84, the maximum reduction
in bacterial population up to 135.9% and 142.1% were noted at
-1
-1
2.0 g kg soil of monocrotophos and 0.2 g kg soil of glyphosate,
respectively. The bacterial population increased by 40.8% at 0.15
-1
-1
g kg soil of glyphosate (Fig. 1a). Monocrotophos @ 3.0 g kg soil
decreased the fungal population by 64.8% on day 35, which
subsequently increased by 104% on day 63. Glyphosate induced
-1
maximum fungal growth by 130.25% on day 14 at 0.2 g kg soil.
On day 84, fungal population indicated a reduction by 0.58% at
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The inhibitory effects of monocrotophos and glyphosate
on amylase activity in the present study support these findings
and indicate that organophosphates at elevated concentrations
could suppress soil amylase activity. Cellulase acts as catalyst on
cellulose degradation and is mostly produced by bacteria and
fungi. Soil treated with some fungicides and pesticides at
recommended doses had deleterious effects on cellulase activity
in laboratory condition (Das and Varma, 2010). Sethi and Gupta
(2015) have determined the notable inhibitory effects of cellulase
activity in response to heavy metals. Riah et al. (2014) proposed
that insecticides which belong to organophosphate family have
stimulating effects on cellulase activity. These insecticides
destroy soil insects and make substrate available to stimulate
cellulase activity (Niemi et al., 2009). In the present study, 10%
and 15% increase in cellulase activity at low and medium
concentration of monocrotophos and glyphosate are in
agreement with these earlier observations. Invertase synthesized
by microorganisms, animals and plants catalyse the hydrolysis of
sucrose to D-glucose and D-fructose. Singh et al. (2002) reported
that the insecticides such as chloropyriphos, fenamiphos and
chlorothalonil alone and in combination suppress invertase activity
through their inhibitory influence on microbes. In the present study a
significant reduction in the activity of invertase due to both the test
chemicals agree to the proposal that organophosphates exert
inhibitory effects on soil invertase activity.

Co

The present study indicated a temporary increase in
microbial population which subsequently declined. Bera and
Ghosh (2013) have highlighted the herbicide degradation
property of microorganisms and also observed the toxic impact
of herbicide treatment on soil micro-organisms. The results of
the present study corroborate the findings of the above studies
and reaffirm the fact that herbicides and pesticides prove
detrimental to microbial growth in soil.

et al. (2010, 2013) observed that the organophosphorus
insecticides monocrotophos and quinalphos along with two
pyrethroid, cypermethrin and fenvalerate with concentration
ranging from 1.0-2.5 kg ha-1 enhanced amylase activity in
-1
groundnut soil. However, at high concentration of 5 and 10 kg ha ,
the insecticides were toxic to this enzyme activity.

py

-1

3.0 g kg soil of monocrotophos. The percent fungal population
declined by 81.25% on day 49 of glyphosate treatment (Fig. 1b).
Lo (2010) reported that the organophosphate insecticide
fenamiphos at elevated concentration was detrimental to
nitrification bacteria in soil. Microbial populations and their
functional attributes influenced by pesticides have been used as
guidelines to evaluate the ecological safety of soil. Zhou et al.
(2012) studied the effects of two agrochemicals carbofuran and
-1
butachlor at 10 mg kg-1 and carbofuran at 0.5 mg kg significantly
inhibited the population of methane producing and nitrogen fixing
bacteria. It has been observed that the herbicides glyphosate,
atrazine, paraquat reduced the soil microbial population
(Sebiomo et al., 2011; Adomako and Akyeampong, 2016).

On

line

Soil amylase activity increased by 18.4% on day 7, and
-1
subsequently declined by 21% on day 84 with 3.0 g kg soil of
-1
monocrotophos. Glyphosate treatment @ 0.1 g kg soil decreased
the activity by 37.8% on day 70 whereas the activity showed a
-1
significant increase of 28% on day 63 with 0.15 g kg soil of
glyphosate. On day 84, the percent reduction in amylase activity
-1
was 25.4% at 3.0 g kg soil of monocrotophos. There was maximum
-1
increment in amylase activity (21.1%) at 0.2 g kg soil of glyphosate
-1
(Fig. 2a). Cellulase activity reduced by 22.4% on day 42 at 2.0 g kg
soil of monocrotophos. A maximum reduction of 30.5% in this
enzyme activity was observed on day 77 in response to glyphosate
treatment. On day 84, cellulase activity increased by 10% and 15% at
-1
-1
1.0 g kg soil of monocrotophos, 0.15 g kg soil glyphosate,
-1
respectively (Fig. 2b). Monocrotophos @ 3.0 g kg soil and
-1
glyphosate @ 0.2 g kg soil inhibited invertase activity by 72% and
65%, respectively, on day 84 (Fig. 2c). On day 70, the dehydrogenase
-1
activity declined by 51.6% and 25.8% with 3.0 g kg soil of
-1
monocrotophos and 0.2 g kg soil of glyphosate, respectively. On day
84, dehydrogenase activity decreased by 19.2% and 106.6% at 2.0 g
-1
-1
kg soil of monocrotophos and 0.2 g kg soil of glyphosate, (Fig. 2d).
-1
Monocrotophos @ 2.0 g kg soil showed maximum inhibitory effect of
39% on soil protease activity on day 70. However, this enzyme activity
-1
decreased by 32.6% in response to low 0.1 g kg soil of glyphosate on
day 49. On day 84, the enzyme activity was stimulated by 59.6%
-1
and 46.6% in response to 2.0 g kg soil of monocrotophos and 0.2 g
-1
kg soil of glyphosate, respectively (Fig. 2e).
Amylases are synthesized by plants, animals and
microorganisms. They play a significant role in the breakdown of
starch into glucose or maltose (Thoma et al., 1971). This enzyme
is influenced by agricultural practices (Das and Varma, 2010).
Deborah et al. (2013) observed the inhibitory effects of pesticides
at higher concentration on soil enzymes and microbes. Mohiddin

Dehydrogenase enzyme is involved in respiration and
energy production of micro-organisms. Reports are available on
toxic effects of insecticides at higher concentration
(Mayanglambam et al., 2005; Cycoń et al., 2010).
Organophosphates pesticides (Kalam et al., 2004) and herbicides
(Xia et al., 2011) have repressive effects on dehydrogenase activity
because of their inhibitory influence on soil micro-organisms. The
reduction in the dehydrogenase activity in soil in the present study
is in agreement with these earlier reports.

Protease contributes significantly in plant growth by
involving in nitrogen mineralization. This enzyme acts as catalyst
in breakdown of proteinaceous substances in soil. The protease
activity increased in soil treated with both monocrotophos and
glyphosate relative to the control after an initial decline. Ramudu
et al. (2012) observed the inhibitory effects of protease due to
toxicity of insecticides. They reported that enzyme is sensitive to
endosulfan and profenophos. Effron et al. (2004) found that heavy
metals reduced the soil protease activities. The results of the
present study are similar to these previous reports. The results of
the present study indicated a wide variation in microbial
population and activities of all the exoenzymes in soil treated with
monocrotophos and glyphosate. Although different enzymes
responded differently to the test agrochemical concentrations, in
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The interpretation of enzymatic responses to the
treatment of agrochemicals in soil are difficult, since the observed
responses might be the result of diverse factors. For example, the
agrochemicals could bind to the active site of the enzyme which
affects their catalytic activities or sometimes the micro-organisms
use the chemicals as source of nutrient which affect the
biosynthesis and activity of the enzymes (Cycon et al., 2006;
Tejada, 2009; Zabaloy et al., 2012; Chishti et al., 2013). This
stimulation or suppression of soil microbial community which is
likely due to the impact of these chemicals lead to their functional
redundancy (Puglisi et al., 2012; Griffiths and Philippot, 2013).

Co

It is, therefore, concluded that the micro-organisms and
exoenzymes in soil are highly sensitive to soil contamination
and could be used as ideal indicators to detect toxicity caused
by agrochemicals so that remedial measures can be adopted
for reduction in contamination and ensure minimal impact on
beneficial soil biota.
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