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activities and 14C - monocrotophos degradation
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Abstract. The effects of long term pesticide usage on soil microbial activities and degradation of 14C -
monocrotophos was observed under cotton field conditions. The experimental field was divided into treated and
untreated plots. Pesticides were applied to treated plots at weekly intervals as in common practice in Thailand.
The total numbers of applications were 11, 16 and 16 for first, second and third crop seasons, during the three
years from 1996 to 1998. Soil samples at depths of 0-15 cm and 15-30 cm were sampled before and after
pesticide application for the first two crops, while in the third crop season only the surface layer of soil was
taken. The samples were assessed for CO2 from respiration, soil microbial population, iron reduction capacity,
and rates of nitrification. Soil biomass and microbial activities as measured from respiration and iron reduction
decreased in the treated plots at both depths after each pesticide application over the three crop seasons, whereas
samples from untreated plots at both depths did not show decreases. Repeated application of pesticides did not
show any effect on nitrification rates of the first crop but there was inhibition in the second and third crops. Soil
columns, treated with 14C - monocrotophos one week after last pesticide application, were harvested after 0, 3, 6,
9, 18, 24 and 30 months. Extractable residues of 14C were found only in the 0-15 cm layer. In treated and
untreated plots, residues declined from 80.17 and 85.68 to 0.44% of the applied 14C within 6 months. The long
term usage of pesticides did not affect the half-life of 14C- monocrotophos. Bound residues of 14C were found at
the highest concentrations, 18.94 and 12.58% of that applied, at 6 months in treated and untreated plots,
thereafter the binding decreased to 4.68 and 2.74% within 30 months.

1. Introduction

The increased use of pesticide in crop production has aroused concern over possible impacts on
agroecosystems, especially on the quality of soil after repeated pesticide application. Some crops, such
as cotton, normally receive more than ten pesticide applications within one crop-season. Studies in the
past have focused mainly on impact on soil following the single application of pesticide. Therefore,
there is a need to assess the effects of multiple pesticide applications on soil properties. These
experiments using labelled chemical in field soil columns were initiated to investigate the long term
impact of repeated use of insecticides on soil properties to enable us to give better advice to the
government on pesticide policy.

2. Materials and methods

2.1. Chemicals

14C-monocrotophos, dimethyl (JE)-l-methyl-2-(methyl carbamoyl)vinyl phosphate, (specific activity
4.26 MBq/mg) was supplied by IAEA, non-labelled monocrotophos, endosulfan, sulprofos,
cypermethrin, cyfluthrin and profenofos were supplied by local pesticide manufacturers.

2.2. Experimental field plots

The experimental area was 40x40 m, divided equally into control and treated plots. The soil was a
sandy loam (sand 73% , silt 8% , clay 19%, pH6.8). Cotton, variety SR-2, was planted at a spacing of
80 cm in rows 200 cm apart. During planting, carbofuran G 3% was used as a seed treatment and
carbofuran ST 35% was used on young plants to protect them from leaf rolling aphids. Insecticides
monocrotophos, profenophos, endosulfan, cypermethrin, cyfluthrin, sulprofos were applied singly or
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in combination by spraying onto the plant as in real practice. The application were made weekly from
5 weeks after crop emergence until the plants were 4 months old. The total numbers of applications
were 11,16 and 16 times in the first, second and third crop seasons, during three years of 1996 to 1998.

2.3. Application ofl4C-monocrotophos

One week after the last pesticide application to the first crop, PVC columns, diameter 5 cm and length
50 cm, were put into the plots leaving 3 cm protruding above the surface. Twenty four columns were
inserted into each plot.

Labeled monocrotophos (185 kBq) was added to each column and columns were removed for analysis
from both treated and control plots at intervals of 0, 3, 6, 9, 12, 18, 24 and 30 months.

2.4. Soil sampling and preparation

A soil auger was used to collect 10 soil cores per plot, 0-15 and 15-30 cm deep in the first and second
crop seasons, while in the third season only samples from the top layer were taken. Soil was collected
8 times in each crop season and 3 times between seasons. Samples were mixed, dried and sieved
through a 2 mm sieve. The soil was kept in an incubator at 22°C 3 days before determination of
different microbial activities.

2.5. Soil analysis for microbial activities

These analyses followed the guidelines developed at the first RCM [1]

2.5.1. Determination ofCO2from respiration

Triplicate soil samples from both treated and untreated plots (50 g dry wt), at 55% water holding
capacity were placed in standard biometer flasks and glucose (4 mg/g dry soil) was added. Ten mL
KOH solution was inserted into the side arm of each biometer flask and the system was kept at 22°C
for 96h. The absorbed CO2 was determined by titrating the excess KOH with 0.05N HC1.
Measurements of CO2 were made every 24h until 96h. Basal respiration was determined without
adding glucose.

2.5.2. Determination of capacity for iron reduction

Five g of the prepared soil (dry weight basis) was placed in a 25 mL polyethylene vial with a screw
cap and 5 mL of distilled water containing 4 mg glucose/g dry soil as an energy source was added. The
vial was shaken for lOh and incubated for 5 days under anaerobic conditions followed by extraction of
ferrous iron by shaking for 10 min with 5 mL of IN KC1 solution. After centrifugation for 15 min, 6
mL of the clear solution was treated with 0.2 mL concentrated HNO3 and acetate buffer solution was
added until pH3-4 obtained. Ferrous iron was determined by addition of 5 mLo-phenanthroline, the
tube was allowed to stand for 5 min, before measurement of absorbance at 512 nm. The iron
concentration was obtained from a standard curve as ug iron/g dry soil. A control without glucose was
run in parallel.

2.5.3. Determination of nitrification

Five g soil (dry weight basis) was placed in an Erlenmeyer flask and 0.34 mg (NELt)2 SO4 was added.
Soil moisture was adjusted to 60% water holding capacity and the flask closed before incubation at
28°C for 3 weeks. A control was run without (NH^ SO4. Ammonium-nitrogen was determined by
adding 50 mL 2M KC1 solution and 0.2 g MgO followed by steam distillation until 30 mL of distillate
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was collected in 10 mL boric acid indicator solution. Ammonium-nitrogen in the distillate was
determined by titration with 0.005N H2SO4 (1 mL 0.005N H2SO4 is equivalent to 70 ug of NH4-N).
Nitrate-nitrogen was determined after the ammonium-nitrogen was distilled by adding 0.2 g of
Devarda's alloy and repeating the steam distillation and titration as before.

2.5.4. Determination of soil biomass

Soil biomass was estimated as respiration quotient x 0.45 [2].

2.6. Soil analysis for 14C-monocrotophos residues

Soil samples at depths of 0-15 cm and 15-30 cm were taken from the PVC columns removed from the
field, mixed and dried at room temperature before sieving through a 20 mesh sieve. Three subsamples
were extracted by Soxhlet extraction with methanol. Non-extractable residues were determined by
combustion. The total 14C of extractable and bound residues were measured by liquid scintillation
counting.

3. Results and discussion

3.1. Field experiment

During the three cotton growing seasons (1996, 1997 and 1998), a variety of pesticides especially
insecticides were applied regularly, as in real practice. The total number of applications in the first
growing season was 11, but increased to 16 in the second and third seasons due to increasing pest
outbreaks in the cotton growing area.

3.2 Microbial activities

3.2.1. Respiration

The content of CO2 from respiration in treated and untreated soil in 2 soil layers is shown in Tables 1
and 2 and in the upper soil layer only in Table 3.

Table 1. Quantity of CO2 from respiration (mg/10 g dry wt. soil), first crop.

Sampling time
(weeks)
0

3

6

10

13
17
21

before
after
before
after
before
after
before
after
at harvest
after harvest
after harvest

Untreated
0-15 cm

9.54±1.40
9.49±0.51
10.15±1.31
11.15±1.04
10.78±0.94
11.35±0.59
11.35±0.69
10.83±0.99
10.64±0.89
10.48±0.77
11.32±0.78

15-30 cm
7.99±0.96
7.82±1.13
8.24±1.01
8.85±0.57
8.82±1.12
9.43±1.17
8.96±1.05
9.39±1.16
9.37±1.06
8.32±0.81
9.29±1.04

Treated
0-15 cm

11.52±0.17
10.18±0.64
11.96±0.63
9.58±0.35
14.28±0.94
12.47±1.22
11.8U0.54
12.50±0.72
11.92±0.48
10.23±0.42
12.43±0.76

15-30 cm
10.03±1.19
9.59±1.53
10.76±1.80
10.42±1.46
9.88±1.63
10.60±2.44
10.46±.97
10.43±1.91
10.27±1.34
9.63±1.43

10. 50±1.21
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Table 2. Quantity of CO2from respiration (mg/10 g dry wt. soil), second crop.

Sampling time
(weeks)

Untreated
0-15 cm 15-30 cm

Treated
0-15 cm 15-30 cm

0

6

10

13

16
23
31

before
after
before
after
before
after
before
after
at harvest
after harvest
after harvest

14.41±0.68
14.40±0.66
15.18±0.77
14.59±1.19
13.78±0.04
15.03±0.15
14.20±0.31
13.00±0.32
15.47±0.67
16.81±0.62
16.64±0.69

9.60±0.39
9.53±0.44
9.38±0.32
11.32±0.54
11.78±0.45
9.98±0.14
10.57±0.78
11.00±0.21
12.61±0.03
13.49±0.23
11.32±0.60

15.40±1.12
13.31±0.54
16.82±0.43
10.68±0.28
17.41±0.52
15.18±0.89
15.13±0.25
13.09±0.78
16.81±0.62
17.53±0.14
20.13±1.16

12.66±1.36
9.39±0.19
11.32±0.54
9.05±0.07
16.34±0.73
13.57±0.30
14.75±1.36
11.97±0.31
12.69±0.90
14.18±0.44
14.36±2.69

Table 3. Quantity of CO2from respiration (mg/10 g dry wt. soil), third crop.

Sampling time (weeks) Untreated Treated

0

3

6

12

17
21
25

before
after
before
after
before
after
before
after
at harvest
after harvest
after harvest

12.79±0.86
13.37±0.32
13.63±0.08
14.95±0.36
14.75±0.43
15.07±0.06
15.65±0.30
15.30±0.21
15.84±0.50
15.28±0.33
14.82±0.10

13.72±0.08
13.84±0.14
14.49±0.13
13.23±0.31
15.51±0.15
14.35±0.11
17.36±0.15
15.55±0.16
17.06±0.63
15.62±0.37
15.30±0.28

The examination of CO2 content released from microbial activities in treated and untreated soil
revealed that application of pesticides on treated soil had some impact on microbial respiration when
compared to without application or untreated soil. The inhibition of respiration in the treated plot that
could be seen more clearly in the second crop might due to the increased application of insecticides
from 11 times in the first year to 16 in second year. Inhibition of microbial respiration was not
observed in the lower layer (15-30 cm) of treated and control soil.

Table 4. Capacity for Fe-III reduction in soil (|xg/g dry wt.), first crop

Sampling time (weeks)

0

3

6

10

13
17
21

before
after
before
after
before
after
before
after
At harvest
After harvest
After harvest

0-15 cm
150.00±28.50
192.60±16.20
148.00±10.00
152.00±5.70
114.00±15.00
152.50±5.70
155.00±10.00
123.00±17.00
91.00±9.00
109.50±6.80
145.00±11.00

Untreated
15-30 cm
190.30±6.00
205.00±8.00
203.00± 10.00
161.60±6.10
138.00±7.00
148.30±21.00
160.00±5.00
183.00±13.00
181.00±12.00
107.00±8.00
144.50±11.80

0-15 cm
180.00±5.00
148.00±3.00
103.00±14.00
92.30±2.50
118.00±15.00
112.30±9.60
175.00±4.00
149.00±10.00
139.00±11.00
124.00±4.00
94.00±8.00

Treated
15-30 cm
202.30±10.60
192.00±7.00
147.00±8.00
135.30±3.50
148.00±8.00
132.00±4.00
167.00±10.00
155.55±9.00
141.5O±H.OO
131.00±7.00
83.00±11.00
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Table 5. Capacity for Fe-III reduction in soil (ng/g dry wt.), second crop

Sampling time(weeks)
0-15 cm

Untreated
15-30 cm 0-15 cm

Treated
15-30 cm

0

6

10

13

16
23
31

before
after
before
after
before
after
before
after
at harvest
after harvest
after harvest

126.93±0.31
131.9ttt6.74
77.28±2.71
83.11±2.63
103.45±4.51
101.00±8.56
77.34±5.05
66.71±4.72
70.71±4.61
94.66±2.79
149.16±3.26

175.58±0.78
171.14±1.81
97.72±7.54
118.76±1.08
140.19±6.38
72.38±4.98
78.93±5.33
88.27±1.87
100.63±4.06
180.51±5.66
190.31±7.22

89.07±5.81
66.72±2.34
73.11±2.54
41.59±5.72
82.17±4.17
72.90±2.53
8355±2.24
43.82±2.40
69.24±2.31
76.89±5.50
90.66±4.36

105.32±2.90
69.52±4.40
75.28±2.65
51.75±0.51
69.19±4.13
97.65±4.45
95.30±4.69
66.35±3.55
80.62±5.40
85.66±2.71
86.5 ±4.13

Table 6. Capacity for Fe-III reduction in soil (ug/g dry wt.), third crop

Sampling time (weeks) Untreated Treated

0

3

6

12

17
21
25

before
after
before
after
before
after
before
after
At harvest
After harvest
After harvest

87.16±11.73
90.16±14.92
111.84±4.51
149.31±4.40
102.38±4.47
125.92±7.72
76.07±9.14
102.06± .90
105.52±9.14
138.42±12.25
111.72±5.06

83.31±8.95
31.59±3.30
75.57±3.47
67.27±2.51
76.80±2.69
72.50±2.75
67.44±5.67
49.42±4.62
70.94±18.03
59.40±18.64
90.85±5.93

The measurements of Fe (III) reduction in treated and control soil were made to observe the effect of
pesticides on bioactivity of microorganisms within 2 layers of soil in the first two years (Table 4 and,
5) and in top soil only in the third year (Table 6). In control or untreated soil, inhibition did not occur
while in treated soil suppression could be observed after each pesticide application throughout the
three seasons.

3.2.3. Nitrification

Tables 7, 8 and 9 illustrated the effect of pesticide use on nitrification rates in treated and untreated
plots within 2 layers of soil in the first and second crops, and top soil only in the third crop.

The amounts of NO3 N from nitrification in control soil did not decrease after application of pesticides
during the first and second crop seasons but seemed to be stimulated in the third season.

3.2.4. Soil biomass

As the basal and induced respiration were higher in the upper soil layers (0-15 cm), the soil biomass in
treated and untreated plots was determined only from top soil (Table 10). The estimation of biomass
was made by using respiration quotient x 0.45.
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The soil biomass content did not show any difference in untreated soil, before and after application of
pesticides while in treated soil the biomass contents were lowered after each application of pesticides.
After harvesting, soil biomass varied according to many factors such as temperature, humidity and
application of fertilizer.

Table 7. Quantity of NO3 -N from nitrification (ug/g dry wt. soil), first crop

Sampling time (weeks)

0

3

6

10

13
17
21

before
after
before
after
before
after
before
after
at harvest
after harvest
after harvest

Untreated
0-15 cm

9.27±2.12
5.53±0.60
6.27±2.05
7.70±1.40
6.50±1.34
7.77±2.15
7.27±0.86
5.07±1.35
6.50±1.53
7.16±0.35
7.35±0.42

15-30 cm
9.40±1.05
7.77±1.78
7.53=1=1.30
8.97±2.37
8.93±1.30
6.73±1.14
8.37±1.95
10.0±1.51
8.26±0.94
8.93±0.45
7.85±0.62

0-15 cm
8.23±1.76
7.83±1.60
9.89±2.06
9.23±2.32
8.43±1.86
7.67±1.50
8.17±1.60
7.93±2.05
8.27±0.61
8.30±0.75
7.82±0.62

Treated
15- 30 cm
5.70± 0.98
7.67±2.14
9.43±2.25
4.67±1.22
5.13±1.70
7.53±2.61
6.60±1.93
5.83±2.91
6.87±1.00
7.67±0.76
8.20±0.95

Table 8. Quantity of NO3 -N from nitrification (ug/g dry wt. soil), second crop

Sampling time (weeks)

0

6

10

13

16
23
31

before
after
before
after
before
after
before
after
at harvest
after harvest
after harvest

Untreated
0-15 cm

8.50±0.04
13.53±0.57
16.53±0.45
14.96±0.35
11.73±0.76
8.20±0.56
15.10±0.36
20.23±0.55
14.40±0.70
14.00±0.36
14.87±0.75

15-30 cm
7.70±0.36
7.27±0.35
7.13±0.57
8.07±0.35
8.03±0.35
8.27±0.35
10.87±0.75
13.17±0.25
7.23±0.35
8.47±0.15
10.60±0.46

Treated
0-15 cm

18.07±0.35
10.07±0.47
18.53±0.65
12.47±0.45
20.33±0.57
12.07±0.35
16.93±0.25
10.40±0.70
12.53± 0.65
14.47±0.35
18.67±0.49

15-30 cm
12.60±0.36
12.31±0.79
10.60±0.56
6.77±0.61
12.97±0.40
9.63±0.30
15.19±0.36
9.00±0.36
6.77±0.25
7.05±0.44
15.83±0.47

Table 9. Quantity of NO 3 -N from nitrification (ug/g dry wt. soil), third crop

Sampling time (weeks)
0

3

6

12

17
21
25

before
after
before
after
Before
after
before
after
at harvest
after harvest
after harvest

Untreated
18.43±2.64
30.40±6.41
12.37=t3.15
33.13±7.72
14.00±5.80
31.43±5.57
17.42±1.06
12.77±1.89
28.20±6.37
21.70±8.63
28.23±4.58

Treated
17.73±5.72
14.47 4.93
20.27±3.43
14.47±1.83
26.40±7.77
18.30±5.88
17.77±2.42
15.17±1.74
19.60±3.75
21.57±2.08
25.80±0.64
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Table 10. Quantity (x 10)4) of biomass in soil (mg/g dry wt.) in the 0-15 cm layer.

Sampling time
(weeks)
0

3

6

10

12

13

16
17
21
23
25
31

before
after
before
after
before
after
before
after
before
after
before
after

after harvest

First Crop
Untreated

10.94
10.98
11.86
12.27
12.08
12.08
11.21
10.52

10.07*

12.11
9.19

Treated
12.24
10.36
12.07
9.27
13.05
9.89
11.67
9.88

12.08*

9.92
10.32

Second Crop
Untreated

7.69
8.20

8.05
9.97
10.42
9.67

14.01
13.23
12.74*

8.53

10.33

Treated
7.80
6.72

9.53
7.65
10.48
9.51

12.08
9.26

10.52*

8.17

9.56

Third
Untreated

19.12
18.17
19.55
21.54
16.93
18.98

13.26
13.34

18.90*
18.55

15.07

Crop
Treated

18.48
16.71
17.95
12.73
17.67
16.71

14.58
13.12

19.75*
19.32

14.87

* at harvest

3.3. Degradation of 14C-monocrotophos

Table 11 shows that the amount of extractable and bound residues of 14C-monocrotophos remaining in
the top soil layer in the PVC columns at different times throughout the experiment. No residues of
extractable and bound 14C were detected in the 15-30 cm depth in any plot. Extractable 14C-
monocrotophos degraded rapidly from 85.68 and 80.17% of initial radioactivity from control and
treated plots to 0.44% within 6 months. Calculation for half-life of monocrotophos from degradation
curves resulted in 13.4 and 16.6 days in untreated and treated soil, respectively. Bound residues of I4C
were highest in treated and untreated plots at 18.94 and 12.58% at 6 months and declined to 4.68 and
2.74% at the end of 30 months.

Table 11. Extractable and bound 14C-monocrotophos from untreated and treated soil.

Time (months)

0(3h)
3
6
9
12
18
24
30

% of initial radioactivity
Untreated

Extractable
85.68
2.07
0.44
ND
ND
ND
ND
ND

Bound
9.61
11.72
12.58
11.6
10.43
8.66
6.78
2.74

Treated
Extractable Bound

3.93
0.44
ND
ND
ND
ND
ND

12.69
18.94
16.55
15.15
9.38
8.72
4.68

ND = not detectable

4. Conclusion

This long term experiment which lasted for three years (1996-1998) has shown that soil microbial
activities such as respiration, nitrification, iron reduction capacity and soil biomass were suppressed by
presence of pesticides from repeated application. Under these experimental conditions, long term use
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of pesticides did not affect half-life of monocrotophos. Extractable 14C-residues remained in the top
soil (0-15 cm) and dissipated more slowly in treated than untreated soil. It may be concluded from this
study that repeated application of insecticides in cotton growing field had an impact on soil microbial
activities but had little effect on 14C-monocrotophos degradation. However, the microbial activities
seemed to recover after the end of each growing season.
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