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combinations on soil total non-symbiotic nitrogen-fixing bacteria particularly
Key Words: Azotobactersp. counts. This experiment last for two months from the 6™ of Jun until the
Soil pollution 8" of August 2011 with five sampling periods at biweekly intervals. Factorial
Pesticides experiment (4x3x2) with Completely Randomized Design (CRD) and three replications
Non-symbiotic was used and the means were compared using Revised Least Significant Differences
nitrogen-fixing (R.LSD) at the level of significant of 0.05. Significantresults were obtained at the last
bacteria two scheduled period’s sampling of 4™ and 5"and the results showed that:
Azotobacter sp. Mancozebfungicide decreased total Azotobactersp.;Diazinoninsecticide decreased both

total non-symbiotic nitrogen-fixing bacteria and total Azotobactersp.;Agholan soil (order
Entisols) showed the greatest increase in soil total non-symbiotic nitrogen-fixing
bacteria. 50% soil moisture content revealed the greatest reduction total Azotobactersp.
while, 100% soil moisture content showed the greatest increase in soil total
Azotobactersp. count. The combinations among: glyphosate, Agholan soil and 100%
moisture combination showed the greatest reduction in total non-symbiotic nitrogen-
fixing bacteria and total Azotobactersp.

Introduction

A variety of synthetic chemicals are used throughout the world, and environmental pollution by pesticides
is a worldwide problem [1]. Soil pollution is one of the main environmental pollution types which cause
ecosystem destruction and disturbance and can be defined as the decline in soil quality caused through its
misuse by human activity [2]. Pesticide is a substance or mixture of substances intended for controlling pests
and they get into the environment through different routes; consequently they produce many adverse effects
on non-target organisms, decrease biodiversity, development of resistance in insects and undesirable health
effects [3]. Although, it recognized that pesticides are harmful to human, but it should also be remembered
that they are essential to maintain a healthy life and their application can improve crop yields [4]. Soil
microorganisms are among the non-target organisms that expose to the undesirable effect of residual
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pesticides which cause a variety of acute and chronic toxicity such as reducing their numbers, biochemical
activity, diversity and changing their community structures [5]. Many authors have studied the effect of
pesticides on bacteria playing vital role of nitrogen cycle processes, for example the author [6] had showed
that higher doses of 3,3-diaminobenzidine enhanced growth of aerobic nitrogen fixers, but negatively
affected denitrifying and nitrifying bacteria; [7] observed that azadirachtin exerted a stimulatory effect on
growth of Azotobacter sp. in the initial 15 day period; [8] found that Azotobacterchroococcum indicated less
growth and biomass after addition of lannate and diazinon pesticides at their recommended dose and doubled
dose to the media and [9] reported that treflan at lower concentrations appeared to stimulate the growth of
pure cultures of A. Chroococcum. The excessive use, abuse or repeated application of some pesticides like
glyphosate or diazinon in Kurdistan Region may alter the diversity and population of nitrogen fixing bacteria
in soil environment. The present investigation was carriedto give some information about the pesticide
effects on soil non-symbiotic nitrogen fixing bacteria particularly Azotobactersp. in the study area.

Materials and methods
A.Soil sample collection

Soils of different orders were collected in May 2011 from three different agricultural fields in Erbil
province including Agholan, Debaga and Girdarasha(Figure: 1).
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Figure-1: Map showing: Iraq, Erbil and the studied aria.

The soils of these three locations were not used for agricultural purposes for a period of time and had no
previous history of pesticide use. More details about the sampling areas are given in (Table: 1). Samples
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were collected from the upper layer of the soils (0-30 cm depth) at a random pattern around each field
according to [10]. The soil samples were brought to the greenhouse of the College of Science. The soil
samples,free of plant roots, were air-dried, gently crushed and sieved at 2-mm with stainless-steel sieves to
avoid any contamination and then stored for subsequent analyses. Four portions from each soil order was
separately weighted and placed on 57 c¢cm? of nylon-covered floor in dry and cool condition inside the
greenhouse, and kept out from sunlight exposure. A sub-sample from each soil order was analysed for
physical, chemical and microbiological properties (Table: 2). Particle size distribution and soil texture was
determined by hydrometer method according to [11]; soil moisture content was determined by gravimetric
method in which the samples were dried to constant weight as described by [12];the pH and EC of the soils
were determined using a calibrated pH-meter (JENWAY 3505) and an electrical conductivity meter
(JENWAY 4510) in 1:1 (soil: water suspension) in line with the method proposed by [11];cation exchange
capacity (CEC) was determined by saturating the soils with 1M NaOAc at pH 8.2 and washed with absolute
ethanol (exchangeable Na was replaced with 1M NH4OAc pH 7) then Na concentration was analyzed by
flame photometer as described by [13];Walkly-Black procedure (1934) was followed for determination of
soil organic matter [14];the micro-Kjeldahl procedure was used as mentioned by [14] for estimation of total
nitrogen;ascorbic acid combined with potassium antimonyl tartrate of Murphy and Riley (1962) which
described by [12] was used for determination of total phosphorus;and total sulfur was determined by
turbidimetric method as described by [12].

Table-1: Description of the studied area.

Location Agholan Debaga Girdarasha
Soil order Entisols Vertisols Inceptisols
Area (donum) 100 30 30
Coordination North  36° 19'30" 35°49' 24" 36° 06' 45"
of locations”

East 43° 47 54" 43°49' 59" 44°01' 29"
Elevation (meter) 302 324 419

Short notes

This field was planted with
watermelon two years ago,
and there was a lot of rainfall
during the spring and there is
no history of pesticide use in
the area.

There were no agriculture
activities in this field for a
long time because of
desiccation. There is no
history of pesticide use in the
area.

An experimental field for
practical ~ studies  of
agriculture college. There
is no history of pesticide
use in the area.

* Coordination was read by GPS Accuracy + 4m.
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Table-2: Physical, chemical and microbiological properties of the studied soils.

Soil properties Agholan Debaga Girdarasha Measuring units
Physical Particle size distribution ~ Sand 23.79 20.51 19.23 g.kg?
Silt 52.56 58.97 64.10 g.kg?
Clay 25.64 20.51 16.67 g.kg?
Texture Silt loam Silt loam Silt loam -
Moisture content 16.23 8 45 %
Moisture content 32.50 25.00 24.00 ml.100g*
Chemical pH 7.22 7.20 7.16 -
Electrical conductivity (EC) 4.22 4.16 3.16 dsS.m?
Cation exchange capacity (CEC) 33.168 26.959 28.895 c.mol.kg?
Organic Matter (OM) 15.524 8.624 12.074 g.kg?
Total nitrogen (N) 2.519 1.079 2412 g.kg?
Total phosphorus (P) 0.143 0.127 0.452 g.kg*
Total sulfur (S) 0.007 0.004 0.008 g.kg?
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Microbiological ~ Total bacterial count 3.80x10°  1.40x10° 1.77x108 Bacterial cells.gdry soil

Total fungal count 3.70x10°  6.70x10* 6.68x10° Fungal propagul.g-dry soil

B.Pesticide preparation

The most abundant and usable pesticides in Kurdistan Region including glyphosate herbicide (48%),
mancozebfungicide (80%) and diazinoninsecticide (10%) were selected according to the yearly report of
plant protection in the Department of Plant Protection in Erbil/General Directorate of Agriculture during
2010-2011 and used for the present study.These pesticides were prepared at their commercial recommended
doses according to their active ingredients (a.i.) as described by [15]. Each pesticide was placed in a sprayer
(the total volume of spraying water for each pesticide was 60 litres/donum) and ready for application.

C.Soil treatment by pesticides

The first portion from each soil order was sprayed by glyphosate; the second portion by mancozeb; the
third portion by diazinon; and the last portion was control treatment. The soil portions were mixed to obtain a
homogenous distribution. Then the pesticide-treated soils were sealed and left for an overnight at room
temperature.

D.Pot experiment layout

A factorial experiment (4x3%2) was conducted in the greenhouse of the College of Science/University of
Salahaddin using Completely Randomized Design (CRD) with three replications under twenty-four
combined treatments (Table: 3).For this purpose 72 pre-labelled and similar plastic pots (average diameter
15 cm and height 17 cm) were used and each pot was filled with 4 kg pesticide-treated soil and a sample was
taken from each pot. The pots were provided by a below-container to collect the irrigation water and return-
back to the pots. Then the pots were covered with filter papers. The pots were irrigated daily by tap water at
50% and 100% maoisture content daily and the loss of water were compensated by weighting each pot daily.
This experiment last for two months with five sampling periods at biweekly intervals at variable climatic
condition (Table: 4).

Table-3: Pot experimental design.

No. of treatments  Pesticide (P)  Soil order (S)  Moisture content (W) Combined treatments Replications
1 P1S1W1 Glyphosate Agholan 50% Glyphosate.Agholan.50% 3
2 P1S1W2 100% Glyphosate.Agholan.100% 3
3 P1s2w1 Debaga 50% Glyphosate.Debaga.50% 3
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19 CSiwi Control Agholan 50% Control.Agholan.50% 3
20 CS1w2 ©) 100% Control.Agholan.100% 3
21 CS2w1 Debaga 50% Control.Debaga.50% 3
22 CS2w2 100% Control.Debaga.100% 3
23 CS3w1 Girdarasha 50% Control.Girdarasha.50% 3
24 CS3w2 100% Control.Girdarasha.100% 3
Table-4: Climatic condition during the study.
Parameters 1tsampling  2"¥sampling 3™ sampling 4™ sampling 5thsampling  Mean
9/6/2011 24/6/2011 9/7/2011 24/7/2011 8/8/2011
Maximum temperature (°C) 37.0 36.7 37.0 44.6 41.2 39.3
Minimum temperature (°C) 24.4 26.4 28.6 333 30.0 28.54
Dry temperature (°C) 311 315 33.3 38.9 35.1 33.98
Humidity (%) 29 31 23 20 29 26.4
Wind velocity (m.sec) 1.0 14 25 3.9 15 2.06
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Wind direction 320 240 220 40 320 228

Maximum wind velocity (m.sec?) 3 4 7 14 6 6.8

From: Directorate of Meteorology and Seismology in Erbil.

E.Preparation of culture media

Nitrogen-free Jensen’s brothwas used for counting of total non-symbiotic nitrogen-fixing bacteria. It was
prepared according to the instruction of Difco Company by adding and thorough mixing the following
components of two solutions as given in [16]. Solution A: [sucrose 20 g; MgSQO.4.7H-0 0.4 g; CaCl; 0.1 g;
FeSO4.7H,0 0.012 g and NaMo004.2H,0 0.01 g¢] and solution B: [K:HPO, 2 g and NaCl 0.4 g]. The two
solutions were autoclaved separately, and combined in equal volumes after cooling to bring into 1liter. The
pH of complete medium was adjusted to 7.0+£0.2.Ashbey’s Mannitol Agar was used for counting of total
Azotobacter sp. That can use mannitol and atmospheric nitrogen as a source of carbon and nitrogen
respectively. The composition of this medium per a litre of distilled water consists of the following:
[mannitol 15 g; CaCl,.2H,0 0.2 g; K:HPO4 0.2 g; MgS04.7H,0 0.2 g; MoOs (11% solution) 0.1 ml and
FeCls (11% solution) 0.05 ml]. The composition was then mixed, boiled and autoclaved [17].

F.Microbiological analysis

Most probable number (MPN) technique was used for enumeration of total non-symbiotic nitrogen-fixing
bacteria as described by [18] and [19]. The incubation period was two weeks at 28+0.5°C. However, total
Azotobactersp. was counted by MPN technique as described by [18], using Ashbey’s liquid medium by
which small numbers can be detected according to the indications of Al-Zubi et al., 2007 described by [17],
for a period of two weeks and incubation at 28+0.5°C.

G. Statistical analysis
Data was analysed statistically using SPSS version 11.5 and Microsoft Office Excel 2010 and the means
were compared using Revised Least Significant Differences (R.LSD) at the level of significant of 0.05.

Results

Diazinon(P3) caused the highest count of soil non-symbiotic nitrogen-fixing bacteria during the 1%tand
5hsamplingperiods(Figure: 1), while glyphosate (P1) showed the lowest total non-symbiotic nitrogen-fixing
bacterial population during this period; during the 2"sampling mancozeb(P2) showed the lowest total non-
symbiotic nitrogen-fixing bacterial population; during the 3"and 4"sampling periods glyphosate showed the
highest and diazinon showed the lowest population of total non-symbiotic nitrogen-fixing bacteria.
According to (Figure: 2), Debaga soil showed the highest number of soil total non-symbiotic nitrogen-fixing
bacteria during the 1%%and 4"sampling periods and Agholan soil showed the highest number during the
3"sampling, whereas Girdarasha soil caused the greatest population count of non-symbiotic nitrogen-fixing
bacteria during the 2"and 5"sampling periods.At the last sampling periods (4"and 5"sampling periods),
100% soil moisture content was significantly reduced soil total non-symbiotic nitrogen-fixing
bacteria(Figure: 3). Untreated Agholan soil (CS1) showed the highest non-symbiotic nitrogen-fixing
bacterial population during the 1%tand 2"sampling periods(Figure: 4). Glyphosate in Agholan soil (P1S1)
and Debaga soil (P1S2) showed the highest population of non-symbiotic nitrogen-fixing bacteria during the
3"and 4"sampling periods(Figure: 4 and 5). Mancozeb in Girdarasha soil (P2S3) showed the highest total
non-symbiotic nitrogen-fixing bacteria during 5"sampling period(Figure: 5).The combined treatment CW2
showed the highest total non-symbiotic nitrogen-fixing bacterial count during the 1%tand 2"sampling periods;
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during the 3™and 4"sampling periods, the combined treatment P1W2 caused the greatest count of total non-
symbiotic nitrogen-fixing bacteria; while the combinations P3W1 caused the highest population of non-
symbiotic nitrogen-fixing bacteria during the 5"sampling period(Figure: 6). Significant differences between
all of the combined treatments of pesticides and soil moisture content have been observed(Table: 5).The
combination S3W2 showed the highest non-symbiotic nitrogen-fixing bacterial population during the 1%and
2"samplings, and the combinations of S2W2, S2W1 and S3W1 caused the highest count of total non-
symbiotic nitrogen-fixing bacteria during the 3", 4""and 5"sampling periods respectively(Figure: 7). The
combined treatments P3S1W2, CS1W2, P1S1W2, P2S1W2 and P2S3W2 showed the highest total non-
symbiotic nitrogen-fixing bacterial population during the five sampling periods respectively(Figures: 8, 9,
10, 11 and 12).Mancozeb showed the highest population of total Azotobacter sp. during the 1%and
3"%sampling periods. Glyphosate showed the highest total Azotobacter sp. count during the 2"and
4"sampling periods. Diazinon and mancozeb decreased total Azotobacter sp. significantly during the last
sampling periods (Figure: 13). According to (Figure: 14), Debaga soil showed the highest number of total
Azotobactersp. during the first 3 sampling periods, Agholan soil showed the lowest number of total
Azotobactersp. during the experiment starting. At the last sampling periods Girdarasha soil showed the
greatest number and Agholan showed the lowest number of total Azotobactersp. As shown in (Figure: 15),
100% soil moisture content showed the highest population of total Azotobactersp. at the beginning and the
end of the study.Mancozeb in Debaga soil (P2S2) revealed the highest population of total Azotobactersp.
during the 1%and 3"sampling periods(Figure: 16). While the combined treatments P1S2, P1S3 and CS2
caused the highest Azotobactersp. count during the 2", 4tand 5™sampling periods respectively(Figure: 16
and 17).The combination of P2W2 during the 1%tand 3"sampling periods and the combination of P1W1
during the 2"and 4%"sampling periods showed the highest Azotobactersp. count(Figure: 18). The
combination of P3W2 caused significant increasing in total Azotobactersp. at the end of the study.
Significant differences between all of the combined treatments of pesticides and soil moisture content have
been observed(Table: 6). As shown in (Figure: 19), the combined treatment S2W1 during the first two
sampling periods showed the highest total Azotobactersp. count and the combination of S2W2 during the
3"%sampling periods showed the highest count of total Azotobactersp., both of the combinations S3W2 and
S3W1 during the 4"and 5"sampling periods respectively showed the highest total Azotobactersp. population.
The combined treatment S1IW1 decreased total Azotobactersp. at the end of the study. The combined
treatments P2S3W2, P1S2W1, P2S2W2, P1S3W1 and P3S3W2 showed the highest populations of total
Azotobactersp. during the five sampling periods respectively(Figures: 20, 21, 22, 23 and 24).
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Figure-2: Effects of pesticides on soil total non-symbiotic nitrogen-fixing bacterial populationx103.g™* dry soil during
five sampling periods.
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Figure-4: Effects of soil moisture contents on soil total non-symbiotic nitrogen-fixing bacterial populationx10%.g™* dry
soil during five sampling periods.
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Figure-5: Effects of the combined treatments between pesticides and soil orders on soil total non-symbiotic nitrogen-
fixing bacterial populationx103.g™* dry soil during the 1%, 2" and 3"sampling periods.
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Figure-7: Effects of the combined treatments between pesticides and moisture contents on soil total non-symbiotic
nitrogen-fixing bacterial populationx103.g* dry soil during five sampling periods.
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Table-5: Effects of different treatments on soil total non-symbiotic nitrogen-fixing bacterial populationx102.g* dry soil
during five sampling periods (MeanzS.E.).

Treatments 1st sampling 2nd sampling 3rd sampling 4th sampling 5th sampling

9/6/2011 (24h 24/6/2011 (2 9/7/2011 (4 24/7/2011 (6 8/8/2011 (8

after weeks after weeks after weeks after weeks after

application) application) application) application) application)
P1 (Glyphosate) 18.891+3.396 ¢ 3.300+0.647°¢ 8.669+4.9982 16.572+3.9612 10.859+4.044 ¢
P2 (Mancozeb) 21.179+3.714° 1.583+0.718¢ 6.215+3.806"° 10.427+4.082° 13.476+4.524"
P3 (Diazinon) 26.204+0.887? 3.570+1.427° 0.985+0.513¢ 8.161+3.250¢ 13.904+4.0852
C (Control) 25.320+2.787° 8.581+1.224° 1.607+0.764 ¢ 10.075+2.734 ¢ 12.236+3.305°¢
S1 (Agholan) 22.215+3.840° 4,577+1.517° 6.481+3.927°2 11.401+3.498" 6.710+2.664°¢
S2 (Debaga) 23.282+2.004° 3.560+1.075°¢ 5.310+2.849° 11.875+3.343%  14.293+3.260°
S3 (Girdarasha) 23.198+1.767° 4.638+1.3232 1.316+0.593° 10.651+2.784 ¢ 16.854+3.073¢
W1 (50% Moisture content) 20.818+2.302° 3.742+0.945" 3.540+1.997° 12.576+2.638°2 14.252+2.664?
W2 (100% Moisture content)  24.978+1.801°2 4.775%1.1462 5.198+2.629° 10.041+2.453" 10.986+2.705°
P1S1 15.517+8.944 3.751+0.124f 24.456+0.5252 13.089+9.966 2.414+1.971%
P1S2 17.164+7.2521 1.858+0.137 1.041+0.564°¢ 22.831+0.174% 13.811+9.371°9
P1S3 23.993+0.230f 4.290+1.057 ¢ 0.510+0.357" 13.796+8.771° 16.352+6.589 ¢
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10.857+0.811%°

4.818+0.356¢

10.067+0.380°

3.362+0.133¢

3.238+1.438°¢

0.653+0.124"

2.513£1.301°¢

2.887+1.337f

4.253+2.816°

0.876+0.721°9

16.730+7.114°

1.039+0.536 ¢

0.204+0.010%

2.437+0.875¢

0.312+0.1101

0.389+0.146'

1.032+0.612f

3.400+1.827°¢

8.425+0.775°

8.913+0.805*

4.263+2.6771

8.167+0.784°¢

0.726+0.423"

1.243+1.035°

13.729+9.344 9

11.998+1.0469

5.555+0.4011

5.205+0.430 %

3.239+1.685'

16.040+6.486°

13.582+0.928 ¢

9.429+0.002"

7.212+2.275'

16.116+6.497°

17.028+6.002*

9.463+0.655f

11.392+6.284 ¢

12.31945.2724¢

4.004+2.782"

0.908+0.006'

16.377+6.8524

23.143+0.420°

14.061+9.004 f

4.633+0.280/

23.019+0.355°

9.456+0.010"

22.350+0.008

4.901+0.006'

16.8366.226°

4.882+2.699"

11.05046.345F

15.902+7.495¢

16.881+5.9852

10.928+6.226 9
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JZS (2016) 18- 1 (Part-A)

Cwi1

Ccw2

S1w1

S1w2

S2w1

S2w2

S3w1

S3W2

P1S1W1

P1S1wW2

P1S2w1

P1S2w2

P1S3wW1

P1S3W2

P2S1W1

22.348+5.472°¢

28.291+0.243°2

20.641+5.8421

23.78945.748°¢

21.013+3.791¢

25.552+0.964°

20.801+3.124°¢

25.594+0.995%

24.461+0.006

6.574+0.002"

9.912+0.001"

24.417+0.008 ¥

23.763+0.004 °

24.223+0.010™

3.307+0.001"

8.065+1.805°

9.096+1.993*

4.899+1.997°

4.254+2.5854

2.644+0.818f

4.476%2.041°¢

3.682+1.076°¢

5.595+1.8022

3.627+0.001'

3.876+0.002

3.226+0.002™

0.489+0.000 ¢

3.233+0.001™

5.348+0.001¢

0.487+0.001"

0.745+0.417°9

2.469+1.416°

6.491+0.582°

6.471+0.617°

3.019+0.222¢

7.601+0.543%

1.109+0.283f

1.522+0.124°¢

23.93240.011°

24.981+0.005%

0.477+0.000°

1.605+0.001"

0.867+0.001'

0.153+0.002“

1.597+0.000'

12.407+5.383°¢

7.742+1.7189

9.968+4.513¢

12.834+5.947°¢

14.867+4.535%

8.882+5.061°

12.893+5.616°

8.408+1.128f

3.123+0.001°

23.054+0.003°

22.658+0.007 ¢

23.005+0.003 ¢

22.567+0.002

5.025+0.001"

4.385+0.001 4

12.240+5.2299

12.23245.222 ¢

9.455+4.866 ¢

3.965+0.210f

14.995+4.590 ¢

13.591+5.3114

18.306+4.471¢

15.402+4.762°

4.385+0.001°

0.444+0.001"

23.182+0.007 ¢

4.440+0.006"

22.941+0.007 f

9.763+0.001 %

0.902+0.001"
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JZS (2016) 18- 1 (Part-A)

P2S1wW2

P2S2w1

P2S2w2

P2S3w1

P2S3wW2

P3S1w1

P3S1wW2

P3S2w1

P3S2w2

P3S3w1

P3S3w2

CS1wi1

CS1w2

CS2w1

CS2w2

29.642+0.005°

22.962+0.004"

23.569+0.007P

23.524+0.009 4

24.068+0.013"

26.129+0.012"

30.266+0.009 2

24.251+0.012"

26.381+0.0059

24.469+0.012]

25.727+0.013!

28.667+0.010°¢

28.675+0.009°

26.927+0.010F

27.840+0.006 ¢

0.337+0.001"

0.576+0.001"

2.366+0.001"

0.895+0.000°¢

4.837+0.001

5.437+0.001f

1.137+0.0001

2.314+0.001°

9.875+0.001¢

0.912+0.001"

1.748+0.001°

10.046+0.008 ¢

11.668+0.0042

4.462+0.001

5.173+0.000"

0.155+0.001 ¢

9.617+0.001¢

23.844+0.002 ¢

1.576+0.0011

0.503+0.001"

0.195+0.000"

0.214+0.001"

1.562+0.001

3.312+0.001f

0.422+0.001°

0.203+0.001°

0.243+0.001 ¢

0.535+0.001™

0.420+0.000°

1.644+0.001°9

23.072+0.007 2

22.459+0.006 "

1.537+0.000"

1.543+0.001"

9.566+0.001

9.507+0.001*

0.903+0.001"

4.925+0.000°

1.554+0.001"

22.525+0.0099

9.554+0.000

22.858+0.007 ¢

4.306+0.001"

9.427+0.001™

9.432+0.000 ™

0.913+0.000“

9.525+0.001'

23.228+0.012°

22.723+0.004 9

23.564+0.0022

23.065+0.003 ¢

5.057+0.001°

4.913+0.000°

4.353+0.000"

22.664+0.004 "

23.3730.004°

9.466+0.001™

9.445+0.000"

22.358+0.007

22.3430.004
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JZS (2016) 18- 1 (Part-A)

CS3w1 11.449+0.012° 9.687+0.001° 1.573+0.000! 4.938+0.000° 4.895+0.000¢

CS3w2 28.359+0.016¢  10.447+0.013"° 5.227+0.001° 9.487+0.001' 4.907+0.001°
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Figure-9: Effects of the combined treatments between pesticides, soil orders and moisture contents on soil total non-
symbiotic nitrogen-fixing bacterial populationx103.g™* dry soil during the 1% sampling period.
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Figure-10: Effects of the combined treatments between pesticides, soil orders and moisture contents on soil total non-
symbiotic nitrogen-fixing bacterial populationx10%.g™* dry soil during the 2" sampling period.
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JZS (2016) 18- 1 (Part-A)
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Figure-11: Effects of the combined treatments between pesticides, soil orders and moisture contents on soil total non-
symbiotic nitrogen-fixing bacterial populationx102.g™* dry soil during the 3" sampling period.
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Figure-12: Effects of the combined treatments between pesticides, soil orders and moisture contents on soil total non-
symbiotic nitrogen-fixing bacterial populationx102.g™* dry soil during the 4" sampling period.
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Figure-13: Effects of the combined treatments between pesticides, soil orders and moisture contents on soil total non-
symbiotic nitrogen-fixing bacterial populationx102.g™* dry soil during the 5" sampling period.
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JZS (2016) 18- 1 (Part-A)
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16
B 14
f
°
- 12
o
S
< 10
s
5 8
g
< 6
g
< 4
B
k] 2

0 T T T T
1st sampling 2nd sampling 3rd sampling 4th sampling 5th sampling
9/6/2011 (24h after  24/6/2011 (2 weeks ~ 9/7/2011 (4 weeks ~ 24/7/2011 (6 weeks ~ 8/8/2011 (8 weeks
application) after application) after application) after application) after application)
Sampling periods

Figure-14: Effects of pesticides on soil total Azotobactersp.x10%.g dry soil during five sampling periods.
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Figure-15: Effects of soil orders on soil total Azotobactersp.x10%.g™* dry soil during five sampling periods.
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Figure-16: Effects of soil moisture contents on soil total Azotobactersp.x10%.g* dry soil during five sampling periods.
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Figure-17: Effects of combined treatments between pesticides and soil orders on soil total Azotobactersp.x10%.g* dry
soil during the 1%, 2" and 3"sampling periods.
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Figure-18: Effects of combined treatments between pesticides and soil orders on soil total Azotobactersp.x10%.g* dry
soil during the 4™ and 5™sampling periods.
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Figure-19: Effects of combined treatments between pesticides and soil moisture contents on soil total
Azotobactersp.x103.g* dry soil during five sampling periods.
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JZS (2016) 18- 1 (Part-A)

M 1st sampling M 2nd sampling M 3rd sampling M 4th sampling M 5th sampling
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Figure-20: Effects of combined treatments between soil orders and soil moisture contents on soil total
Azotobactersp.x103.g*t dry soil during five sampling periods.

Table-6: Effects of different treatments on soil total Azotobactersp.x10%.g dry soil during five sampling period

(MeanzS.E.).

Treatments 1st sampling 2nd sampling 3rd sampling 4th sampling 5th sampling
9/6/2011 (24h 24/6/2011 (2 9/7/2011 (4 24/7/2011 (6 8/8/2011 (8

after weeks after weeks after weeks after weeks after

application) application) application) application) application)

P1 (Glyphosate) 5.83+0.934 ¢ 2.54+0.758* 0.74%0.364° 3.93+1.335% 3.64+1.368°¢
P2 (Mancozeb) 14.61+4.120° 0.48+0.101°¢ 1.61+0.8542 2.48+0.794" 2.46+0.779¢
P3 (Diazinon) 3.78+1.598¢ 0.78+0.204° 0.49+0.316¢ 2.22+0.8974 3.81+1.346°
C (Contraol) 6.78+2.180° 0.21+0.081¢ 0.34+0.131¢ 2.33+0.847°¢ 4.57+1.616%
S1 (Agholan) 3.93+0.777°¢ 0.90+0.437" 0.61+0.278° 2.01+0.543¢ 2.02+0.638°¢
S2 (Debaga) 11.07+3.0002 1.37+0.5832 1.45+0.6642 2.26+0.788" 4,06+1.197°

118



JZS (2016) 18- 1 (Part-A)

S3 (Girdarasha)

W1 (50% Moisture content)

W2 (100% Moisture content)

P1S1

P1S2

P1S3

P2S1

P2S2

P2S3

P3S1

P3S2

P3S3

Cs1

CS2

CS3

8.26+2.720"°

6.70+1.791°

8.81+2.318%

5.55+0.209 f

4.28+1.046'

7.66+2.476°

3.65+2.001

23.24+0.3082

16.95+7.113"

5.38+0.3999

5.31+4.830"

0.65+0.300'

1.12+0.001%

11.44+0.190°¢

7.79+4.068¢

0.74+0.361°

1.13+0.4372

0.88+0.317°

2.28+1.602°

3.45+1.707¢

1.89+1.349°¢

0.27+0.0721

0.70+0.223f

0.49+0.0489

0.75+0.225°¢

1.26+0.354 ¢

0.33+0.116"

0.30+0.199

0.08+0.000'

0.25+0.178%

0.33+0.106 ¢

0.68+0.270°

0.92+0.4372

1.86+0.160°

0.24+0.239°9

0.11+0.029°

0.260.169f

4.17+1.0342

0.41+0.079°¢

0.16+0.006

1.23+0.819°

0.09+0.005'

0.15+0.060’

0.17+0.015"

0.71+0.228¢

3.95+1.0392

2.96+0.773°2

2.52+0.612°

3.48£1.544°¢

2.80+0.222f

5.50+3.931°2

2.35+0.780

2.66+2.2389

2.42+1.947"

1.03+0.888*

0.68+0.210"

4.95+0.034°

1.18+0.7501

2.90+0.202°¢

2.92+2.0344

4.79+1.2302

3.58+0.899°

3.67+0.930°

1.02+0.927]

2.56+0.600"

7.34+2.251°

0.17+0.022"

3.14+0.029°9

4.09+0.870¢

3.19+1.238°

1.2040.725

7.05+£2.723°¢

3.70+0.614 ¢

9.35+0.001%

0.68+0.200
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JZS (2016) 18- 1 (Part-A)

P1W1

P1W2

P2w1

P2w2

P3w1

P3W2

Cwi1

Cw2

S1w1

S1wW2

S2w1

S2w2

S3w1

S3W2

P1S1W1

4.59+0.677°9

7.07+1.5374

11.47+6.197°

17.75+6.0512

5.36+2.660

2.21+1.788"

5.37+3.036 ¢

8.20£3.541°¢

3.27+1.097F

4.58+1.152°¢

11.89+4.0862%

10.25+4.986 ¢

4.92+1.856 ¢

11.60+4.864°

5.34+0.001'

3.02+£1.298*

2.05+0.977°

0.37+0.089"

0.60+0.172°¢

0.78+0.166 ¢

0.78+0.424°¢

0.34+0.129¢

0.09+0.010"

0.59+0.164 ¢

1.21+0.893"

1.66+1.1792

1.09+0.381¢

1.14+0.700°¢

0.34+0.118°

0.67+0.001

0.88+0.579°¢

0.60+0.554°¢

1.35+0.894°

1.87+1.667%

0.22+0.101"

0.77+0.642¢

0.25+0.118°9

0.43+0.2521

0.67+0.456 ¢

0.54+0.388 ¢

1.05+0.697°

1.85+1.210%

0.30+0.108 "

0.36+0.200¢

2.02+0.001¢

3.98+2.755¢2

3.87+1.149"

2.83£1.285°¢

2.12+1.172fF

2.44+1.308°¢

2.01+1.504"

2.58+1.208¢

2.09+1.4379

2.23+0.3011

1.79+1.120f

2.71£1.265°¢

1.80+1.077°¢

3.93+2.092°

3.97+0.8112

1.94+0.0007

4.90+2.374°

2.38+1.460F

2.74+1.401°¢

2.19+1.000"

2.25%1.122°9

5.38+2.315¢

4.44+2 53719

4.71+2.570°

1.78+0.607

2.26x1.222°¢

4.02+1.882¢

4.10£1.773°

4.94+1.7932

4.64+1.956°

1.94+0.000°
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JZS (2016) 18- 1 (Part-A)

P1S1wW2

P1S2w1

P1S2w2

P1S3wW1

P1S3wW2

P2S1wW1

P2S1wW2

P2S2w1

P2S2w2

P2S3w1

P2S3wW2

P3S1w1

P3S1wW2

P3S2W1

P3S2W2

5.76+0.001’

3.23+0.001 9

5.33+0.001™

5.18+0.000"

10.14+0.008 9

1.65+0.001"

5.66+0.001

22.93+0.013°

23.55+0.005°

9.83+0.001"

24.06+0.007%

4.98+0.000°

5.78+0.001!

10.15+0.003°¢

0.48+0.003

3.88+0.000°

5.16+0.000*

1.74+0.001¢

3.24+0.002 ¢

0.54+0.001

0.19+0.001°

0.34+0.001¢

0.48+0.001™

0.92+0.001 ¢

0.44+0.001°

0.53+0.003!

0.98+0.001f

0.53+0.002

0.91+0.002"

1.61+0.002 ¢

1.70+0.001°¢

0.48+0.001

0.008+0.001"

0.14+0.001"

0.08+0.001"

0.43+0.001

0.09+0.000"

3.14+0.000°

5.20+0.001%

0.49+0.001°¢

0.33+0.001'

0.15+0.001 9

0.17+0.000°

0.42+0.001 K

2.05+0.000°¢

5.02+0.002°

0.57+0.001°

5.02+0.001°¢

9.44+0.0002

1.57+0.002'

3.13+0.000

1.57+0.000'

4.89+0.0029

0.42+0.006"

0.48+0.002°P

4.37+0.000"

1.92+0.000%

0.15+0.001°¢

0.47+0.001°

0.89+0.001™

0.09+0.000"

3.16+0.001 1

1.96+0.001™

9.60+0.002°

5.09+0.001¢

0.15+0.001"

0.19+0.001°

3.11+0.001 %

3.17+0.001/

4.96+0.001 ¢

3.22+0.002'

1.95+0.001"

4.43+0.001°

0.47+0.002"

1.93+0.001°
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JZS (2016) 18- 1 (Part-A)

P3S3w1 0.95+0.001" 0.45+0.002" 0.08+0.001" 4.92+0.001 " 4.33+0.001°¢
P3S3wW2 0.35+0.002" 0.21+0.003" 0.09+0.002° 4.98+0.000 ¢ 9.77+0.001°%
CSiwi1 1.12+0.001° 0.50+0.001" 0.09+0.000 ¢ 1.93+0.001! 3.09+0.000'
CS1w2 1.12+0.001° 0.10+0.002" 0.21+0.001™ 0.43+0.001 9 4.31+0.001"
CS2w1 11.25+0.011F 0.08+0.000 " 0.19+0.001" 4.92+0.001 9.35+0.002 ¢
CSs2w2 11.63+0.005° 0.09+0.001¢ 0.16+0.002P 0.88+0.001" 9.35+0.006 ¢
CS3w1 3.73+0.001° 0.42+0.002° 0.48+0.000" 0.88+0.001" 0.88+0.001¢
CS3w2 11.86+0.006 ¢ 0.07+0.000 " 0.94+0.000 4.95+0.001°¢ 0.48+0.003"
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Figure-21: Effects of the combined treatments between pesticides, soil orders and moisture contents on soil total
Azotobactersp.x10%.g* dry soil during the 18sampling period.
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Figure-22: Effects of the combined treatments between pesticides, soil orders and moisture contents on soil total
Azotobactersp.x10%.g™* dry soil during the 2"%sampling period.
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Figure-23: Effects of the combined treatments between pesticides, soil orders and moisture contents on soil total
Azotobactersp.x10%.g dry soil during the 3/sampling period.
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Figure-24: Effects of the combined treatments between pesticides, soil orders and moisture contents on soil total
Azotobactersp.x10%.g™* dry soil during the 4sampling period.
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Figure-25: Effects of the combined treatments between pesticides, soil orders and moisture contents on soil total
Azotobactersp.x10%.g™* dry soil during the 5"sampling period.

Discussion

Glyphosate caused the lowest total non-symbiotic nitrogen-fixing bacterial population during the 5%
sampling period because glyphosate application has been found to reduce nitrogen fixation and make
micronutrients less available [20] and [21]; during the 2nd sampling mancozeb showed the lowest total non-
symbiotic nitrogen-fixing bacterial population, probably, because this bacterial group is regarded as a
sensitive microbial indicator of environmental hazard in soil exposed to pesticides and other chemicals and
the effects of these compounds on nitrogen fixation appear to be species-specific; during the 3rd and 4th
sampling periods glyphosate showed the highest and diazinon showed the lowest population of total non-
symbiotic nitrogen-fixing bacteria, in this regard [22] stated that non-symbiotic nitrogen-fixing bacteria and
biological nitrogen fixation were more affected by pesticides than were other populations and activities of
nitrogen cycle, as well as they stated that one pesticide could produce negative or positive effect on non-
symbiotic nitrogen-fixing bacteria depend on the soil type.At the last sampling periods, 100% soil moisture
content (W2) significantly reduced soil total non-symbiotic nitrogen-fixing bacteria and this may refer to
higher temperature during these periods. The combined treatment CW2 showed the highest total non-
symbiotic nitrogen-fixing bacterial count during the 1st and 2nd sampling periods because there was no
pesticide treatment and typical water content was available for their growth. Diazinon and mancozeb
decreased total Azotobacter sp. significantly during the last sampling periods and similar observations given
by [23] when diazinon reduced Azotobacterpopulation. Agholan soil showed the lowest number of total
Azotobactersp. during the experiment starting as observed by [23] when Azotobacterpopulation reduced in
clay-loam soil. At the last sampling periods Girdarasha soil showed the greatest number and Agholan
showed the lowest number of total Azotobactersp. and this may refer to higher organic matter and nitrogen
content of Agholan which made Azotobactersp. less inhabitant in such soil type. 100% soil moisture content
showed the highest population of total Azotobactersp. at the beginning and the end of the study and this may
refer to proper humidity during this period.Mancozeb in Debaga soil (P2S2) revealed the highest population
of total Azotobactersp. during the 1st and 3rd sampling periods, probably because during mancozeb
hydrolysis in the soil ethylenethiourea and ethyleneurea produced which in turn increased nitrogen content of
soil and in the presence of excess nitrogen Azotobactersp. use the available nitrogen for their cell synthesis
[24]. The combination of P3W?2 caused significant increasing in total Azotobactersp. at the end of the study
and this may due to the degradation of pesticide and reduced its concentration in the presence of sufficient
water and thus the pesticide exhibited less effect. The combined treatment S1W1 decreased total
Azotobactersp. at the end of the study and this may due to the texture and composition of Agholan soil, in
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comparing with Debaga and Girdarasha soils, which has less pore size and oxygen content to be supplied for
this aerobic group of bacteria.

Conclusion

Glyphosate and diazinon showed more positive effects on counts of soil total non-symbiotic nitrogen-
fixing bacteria and total Azotobacter sp. than mancozeb. More increasing effect on counts of soil microbial
population was shown by girdarasha soil. 100% soil moisture content (W2) showed more significant effects
on soil total non-symbiotic nitrogen-fixing bacteria and total Azotobactersp. counts.Different significant
effects on soil characteristics were shown by the interactions between pesticides-soil orders, pesticides-soil
moisture contents, soil orders-soil moisture contents and pesticides-soil orders-soil moisture contents.
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