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Abstract 
The present study was designed to determine the effects of glyphosate, mancozeb and 

diazinon with three different soil orders and two soil moisture contents and their 
combinations on some soil microbial population in a pot experiment. The main results 
obtained at the last periods (4th and 5th samplings) of the study demonstrated as: glyphosate 
showed significant decrease in total actinomycetes and increased total bacteria, proteolytic 
bacteria and fungi. Mancozeb significantly decreased proteolytic bacteria and fungi. Diazinon 
significantly increased total bacteria and proteolytic bacteria. Agholan soil showed the 
greatest reduction in proteolytic bacteria, fungi and actinomycetes. Debaga soil significantly 
increased proteolytic bacteria. Girdarasha soil increased proteolytic bacteria, fungi and 
ac�nomycetes. 50% soil moisture content revealed significant increase in total bacteria and 
proteoly�c bacteria. 100% soil moisture content showed significant increase in 
actinomycetes. The interaction between P1S2 increased total bacteria and ac�nomycetes. 
The interac�on P1S3 increased proteoly�c bacteria and fungi. The combina�on P2S3 caused 
significant reduc�on in fungi and ac�nomycetes. The combina�on P2S2 revealed significant 
reduction in fungi and ac�nomycetes. The interac�on P2S3 showed the greatest increase in 
proteoly�c bacteria. The combina�on P3S1 reduced ac�nomycetes. The interac�on P3S2 
increased total bacteria and proteoly�c bacteria. The combina�on P3S3 increased 
proteolytic bacteria. The combina�on CS1 showed decreasing effect on proteoly�c bacteria; 
CS2 showed decreasing effect on total proteoly�c bacteria; CS3 increased ac�nomycetes and 
decreased proteoly�c bacteria. The combina�on P1W1 increased total bacteria and fungi, 
whereas P1W2 increased ac�nomycetes and proteoly�c bacteria. The combina�on CW2 
reduced proteoly�c bacteria and ac�nomycetes. The interac�on S1W1 decreased fungi, 
whereas, S1W2 reduced total bacteria and fungi. The interac�on S3W1increased total 
bacteria; the interac�on S3W2 caused the highest increasing in ac�nomycetes. The 
combina�ons: P1S2W1 increased total bacteria and ac�nomycetes; P1S2W2 increased 
ac�nomycetes; P1S3W1 increased total bacteria and fungi. The interac�on P2S3W2 
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increased ac�nomycetes. The interac�ons: CS3W1 caused significant increase in 
ac�nomycetes; and CS3W2 showed significant increase in ac�nomycetes. 
Keywords: Microbial population, Pesticides, Soil order, Moisture content. 
Introduction 

  

he increasing world population demands a continually growing supply of food and food 
products. Because of the relative lack of new areas suitable for agriculture, the 
performance of the existing agricultural areas has to be substantially enhanced. 

Pesticides such as insecticides, molluscicides, nematicides, rodenticides, avicides, piscicides, 
herbicides, plant growth regulators, defoliants, fungicides, algicides, etc. have been 
extensively used in agrochemical practice to protect plant against different pests. Although 
these pesticides are intended to be used at low concentrations, their application may cause 
contamination of soil, resulting in chemical and biological disturbance of this environment 
(1). Pes�cides affect microorganisms by reducing their numbers, biochemical ac�vity, 
diversity and changing microbial community structure. However, it is difficult to make a 
general conclusion regarding the impact of pesticides on soil microorganisms because a 
number of factors such as soil structure and texture, pH, organic matter content, 
temperature and moisture affect the behavior of these agrochemicals in soil (2 and 3). 
Pesticide is a general term that includes a variety of chemical and biological products used to 
kill or control pests such as rodents, insects, fungi, weeds and etc. (4). The ac�ve por�on of a 
pesticide known as the active ingredient is generally formulated by the manufacturer as 
emulsifiable concentrates or in solid particles (dust, granules, soluble powder, or wettable 
powder). Soil microorganisms are extremely important among non-target organisms since 
they are a key component of soil ecosystems, dominating the cycling of nutrient elements 
and playing a major role in maintaining soil quality through transformation and 
decomposition of organic matter in the soil and helping plants utilize soil nutrients to grow 
and thrive, as well as helping soil to store water and nutrients and filter pollutants (5). 
Microorganisms are found in large numbers in soil usually between 101 and 1010 
microorganisms.g-1 of soil with bacteria and fungi being the most prevalent (6 and 7). In 
2001, (8) observed that some organophosphorus insec�cides had no inhibitory effect on the 
development of soil microorganism groups. While, no detectable adverse effects were 
caused by some pesticides tested by (9) when they assessed the effect of those pes�cides on 
non-target soil microorganisms, total count and growth rate. The excessive use, abuse or 
repeated application of some pesticides like glyphosate or diazinon in Kurdistan Region may 
alter the diversity and population of microorganisms in soil environment. Due to insufficient 
knowledge and few studies on pesticide effects on soil microbial population in the study 
area, present investigation was designed. 
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Materials and methods 
A/ Soil sample collection 

Soils of different orders including Entisols, Vertisols and Inceptisols were collected in May 
2011 from three different agricultural fields in Erbil province including Agholan, Debaga and 

Girdarasha (Figure 1).  
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. Samples were collected from the upper 
layer of the soils (0-30 cm depth) at a random pa�ern around each field according to (10). 
The soil samples were brought to the greenhouse of the College of Science. Samples from 
each soil order were separately screened from gravels and stones, pulverized, air-dried and 
sieved by 2-mm sieve. Four portions from each soil order was separately weighted and 
placed on 57 cm2 of nylon-covered floor in dry and cool condition inside the greenhouse, 
and kept out from sunlight exposure.  
 
B/ Pesticide preparation 

The most abundant and usable pesticides in Kurdistan Region including glyphosate 
herbicide (48%), mancozeb fungicide (80%) and diazinon insec�cide (10%) were selected 
according to the yearly report of plant protection in the Department of Plant Protection in 
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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 
ac�ve ingredients (a.i.) as described by (11). Each pes�cide was placed in a sprayer (the 
amount of spraying water for each pes�cide was as 60 liters/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; while the last portion from each soil order was left 
without pesticide 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 (4×3×2) 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 1). For this purpose 72 pre-
labelled and similar plas�c pots (average diameter 15 cm and height 17 cm) were used and 
each filled with 4 kg pes�cide-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% moisture 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 clima�c condi�on (Table 2).   

 
Table 1: Pot experimental design. 

No. of 
treatments  

Pesticide  Soil 
order 

Moisture 
content 

Combined treatments  Replicatio
ns 

1 P1S1W
1 

Glyphosat
e  

Agholan 50% Glyphosate.Agholan.5
0% 

3 

2 P1S1W
2 

100% Glyphosate.Agholan.1
00% 

3 

3 P1S2W
1 

Debaga 50% Glyphosate.Debaga.5
0% 

3 

4 P1S2W
2 

100% Glyphosate.Debaga.1
00% 

3 

5 P1S3W
1 

Girdaras
ha 

50% Glyphosate.Girdarsha.
50% 

3 

6 P1S3W
2 

100% Glyphosate.Girdarash
a.100% 

3 

7 P2S1W
1 

Mancozeb Agholan 50% Mancozeb.Agholan.50
% 

3 

8 P2S1W
2 

100% Mancozeb.Agholan.10
0% 

3 

9 P2S2W
1 

Debaga 50% Mancozeb.Debaga.50
% 

3 
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Table 2: Clima�c condi�on during the study. 

Parameters 1st 
sampling 
9/6/2011 

2nd 
sampling 

24/6/2011 

3rd 
sampling 
9/7/2011 

4th 
sampling 

24/7/2011 

5th 
sampling 
8/8/2011 

Mean 

Maximum 
temperature (ºC) 

37.0 36.7 37.0 44.6 41.2 39.3 

Minimum temperature 
(ºC) 

24.4 26.4 28.6 33.3 30.0 28.54 

Dry temperature (ºC) 31.1 31.5 33.3 38.9 35.1 33.98 

Humidity (%) 29 31 23 20 29 26.4 

Wind velocity (m.sec-1) 1.0 1.4 2.5 3.9 1.5 2.06 

Wind direction  320 240 220 40 320 228 

Maximum wind 
velocity (m.sec-1)  

3 4 7 14 6 6.8 

From: Directorate of Meteorology and Seismology in Erbil. 

 
 
 

10 P2S2W
2 

100% Mancozeb.Debaga.10
0% 

3 

11 P2S3W
1 

Girdaras
ha 

50% Mancozeb.Girdarsha.
50% 

3 

12 P2S3W
2 

100% Mancozeb.Girdarsha.
100% 

3 

13 P3S1W
1 

Diazinon  Agholan 50% Diazinon.Agholan.50% 3 

14 P3S1W
2 

100% Diazinon.Agholan.100
% 

3 

15 P3S2W
1 

Debaga 50% Diazinon.Debaga.50% 3 

16 P3S2W
2 

100% Diazinon.Debaga.100
% 

3 

17 P3S3W
1 

Girdaras
ha 

50% Diazinon.Girdarsha.50
% 

3 

18 P3S3W
2 

100% Diazinon.Girdarsha.10
0% 

3 

19 CS1W1 Control  
(no 
pesticide)  

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 Girdaras
ha 

50% Control.Girdarasha.50
% 

3 

24 CS3W2 100% Control.Girdarasha.10
0% 

3 
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E/ Preparation of culture media    
For coun�ng of total soil bacteria, nutrient agar was prepared by adding 28 g of 

powdered medium into dis�lled water and bringing the volume to 1L and pH adjusted to 
7.0±0.2. Then mixing thoroughly and gently hea�ng and bringing to boiling in flasks. The 
medium was then autoclaved for 15 min at 15 psi and 121°C (12). Nutrient gela�n agar was 
used for counting of total soil proteolytic bacteria. It was prepared by adding the following 
components [agar 15 g; gela�n 15 g; peptone 4 g and yeast extract 1 g] to distilled water and 
bringing the volume to 1L and the pH of the medium was adjusted to 7.0±0.2. Then mixing 
thoroughly and gently hea�ng and bringing to boiling in flasks and then autoclaved (12). For 
counting of total soil fungi, potato dextrose agar was prepared by adding 39 g of powdered 
medium into dis�lled water and bringing the volume to 1L. Then mixing thoroughly and 
gently hea�ng and bringing to boiling in flasks. The medium was then autoclaved. Then 0.2 
mg Chloramphinicol was added (13). Starch casein agar was used for counting of total soil 
actinomycetes. It was prepared by adding and thorough mixing of the following components 
[starch 10 g; casein 3 g; KNO3 2 g; NaCl 2 g; K2HPO4 2 g; MgSO4.7H2O 0.05 g; CaCO3 0.02 g; 
FeSO4.7H2O 0.01 g and agar 15 g] with 1L dis�lled water and the pH of the complete medium 
was adjusted to 7.0±0.2. The mixture then brought to gentle hea�ng and boiling in flasks and 
then autoclaved. Before pouring the medium into petri plates containing soil suspensions, 50 
mg rifampcine as a bactericide and 50 mg cycloheximide as a fungicide were added (12).  

 
F/ Microbiological analysis  

Standard plate method was used for counting the studied microbial groups. Total number 
of bacteria and total proteolytic bacteria was estimated in a gram of dry soil using the 
incuba�on period 24-48 hours at 30-35°C. Normally the number of colonies within the range 
(30-300) was taken in to account (12 and 14). For total number of fungi, the plates were 
incubated for 5-7 days at 23±2°C (15). Total number of actinomycetes was estimated by 
spread plate method and the plates were incubated for 2 weeks at 30°C as described by (12). 

 
G/ Statistical analysis     

Data was analysed sta�s�cally using SPSS version 11.5 and Microso� Office Excel 2010 
and the means were compared using Revised Least Significant Differences (R.LSD) at the 
level of significant of 0.05.  
 
Results  

Glyphosate showed the highest total bacterial popula�on at 24h and 8 weeks a�er 
applica�on (table 3), but during the 4th sampling both glyphosate and diazinon produced the 
same increasing effect on soil total bacteria. During the 2nd and 3rd sampling the highest 
bacterial population was found in control treatment. Agholan soil showed the highest values 
(22.53×105±11.191 and 11.82×105±3.875) of total bacteria at 24h and 2 weeks a�er 
treatment, while Girdarasha soil gave the highest values (14.50×105±1.691 and 
20.67×105±6.649) of soil total bacteria 4 and 8 weeks a�er treatment. Soil moisture content 
of 100% showed highest total bacterial popula�on at 24h a�er treatment, while, 50% soil 
moisture content showed the highest total bacterial popula�on during the 3rd, 4th and 5th 
sampling periods. The combina�on P1S1 showed the highest total bacterial popula�on at 
24h a�er treatment. The combina�ons CS1, P3S2 and P1S2 during the 2nd, 3rd and 4th 
sampling periods showed the highest total bacterial population. At the end of the study the 
combina�on of P1S3 showed the highest total bacterial popula�on. The combined 
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treatments P1W2, CW2 and P3W1 showed the highest total bacterial count during the 1st, 
2nd and 3rd sampling periods and the combina�on P1W1 showed the highest total bacterial 
count at the last sampling periods. The combined treatment S1W2 at 24h and 2 weeks a�er 
treatment gave the highest total bacterial count; the combina�ons S2W1 during the 4th 
sampling and S3W1 during the 3rd and 5th sampling showed the highest total bacterial count. 
The combina�ons of P1S1W2, CS1W2 and P1S2W1 revealed the highest count of total 
bacteria at 24h, 2 and 6 weeks a�er treatment and the combina�on of P1S3W1 showed the 
highest count of soil total bacteria at 4 and 8 weeks a�er treatment. According to (table 4), 
glyphosate showed the highest count of soil total proteoly�c bacteria at 24h, 4 and 6 weeks 
after treatment, and diazinon showed the highest count of total proteolytic bacteria during 
the last sampling periods. Girdarasha soil showed the highest total proteolytic bacterial 
count, but Agholan soil showed the lowest soil total proteoly�c bacteria during the 3rd, 4th 
and 5th sampling periods. 100% soil moisture content revealed highest soil total proteoly�c 
bacterial count at 24h a�er treatment, but 50% soil moisture content showed the highest 
total proteoly�c bacteria 4 and 8 weeks a�er treatment. The combined treatment P1S3 
showed the highest total proteoly�c bacterial popula�on during the 1st, 3rd and 4th sampling 
periods and the combina�ons of CS1 and P3S3 during the 2nd and 5th sampling periods 
showed the highest total proteoly�c bacterial count. The combina�on of P3W2 showed the 
highest total proteolytic bacterial count at the beginning of the study, while the 
combina�ons of CW2, P3W1 and P1W2 revealed the highest total proteoly�c bacterial count 
during the 2nd, 3rd and 4th sampling periods. The combined treatment S3W2 at the beginning 
and S3W1 during the 3rd sampling showed the highest total proteolytic bacterial population. 
Glyphosate in Girdarasha soil with 100% soil moisture content (P1S3W2) showed highest 
total proteoly�c bacterial count during the 1st sampling probably. In the 2nd sampling the 
highest population of proteolytic bacteria was found in the combina�on of CS1W2. In the 3rd 
sampling the combina�on P1S3W1 showed the highest total proteoly�c bacterial count. 
According to the data shown in (table 5), glyphosate revealed the highest fungal popula�on 
during the studied periods except for the 2nd sampling. At the end of the study, mancozeb 
significantly decreased total fungi. Girdarasha soil showed the highest total fungi count 
during the 2nd, 3rd and 5th sampling periods. 100% soil moisture content showed the highest 
total fungi count during the 2nd and 3rd sampling periods, while 50% soil moisture content 
showed the highest total fungi count at the end of the study. Glyphosate in Girdarasha soil 
(P1S3) showed the highest total fungi count during the studied periods except for the 1st 
sampling in which Glyphosate in Agholan soil (P1S1) showed the highest count. The 
combina�on of P2S1 caused significant reduc�on in total fungi at the end of the study. 
During the 3rd and 5th samplings, the combined treatment P1W1 showed significant increase 
in total fungi, but P2W2 showed the least fungal popula�on during the 5th sampling. During 
the last sampling period the combined treatment S3W1 significantly increased total fungal 
popula�on, but both the combina�ons S1W1 and S1W2 caused significant decrease in total 
fungi during this period. The combina�on P1S3W1 during the 3rd and 5th sampling periods 
showed significant increase in total fungi. The combina�on of CS1W2 showed significant 
increase in total fungi during the 2nd sampling. All the treatments caused high reduction in 
ac�nomycetes popula�on during the 2nd sampling period except for glyphosate treatment 
(table 6) and more reduc�on was observed during the 3rd and 4th sampling periods with 
higher reduction in control; glyphosate caused significant reduction in soil total 
ac�nomycetes during the 3rd sampling period. Debaga soil showed the highest 
actinomycetes population at the beginning of the study and Girdarasha soil increased total 
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actinomycetes at the end of the study, organic matter of both Debaga and Girdarasha soils 
were increased during the studied period (table 7). Agholan soil caused significant reduc�on 
in soil total ac�nomycetes during the last sampling. 100% soil moisture content showed the 
highest total ac�nomycetes during the 1st, 2nd and 5th sampling periods. The combined 
treatments CS2, P3S3 and CS3 showed the highest soil total ac�nomycetes popula�on during 
the 1st, 2nd and 5th sampling periods. The combined treatments P1S2 and CS3 showed 
significant increasing in total actinomycetes at the last sampling period. During the 1st 
sampling the combined treatment CW2 showed the highest ac�nomycetes popula�on. The 
combina�on of P1W2 showed the highest ac�nomycetes popula�on during the 2nd and 5th 
sampling periods. The combina�on of P1W1 revealed the lowest soil total ac�nomycetes 
during the 2nd sampling. During the 2nd and 5th sampling periods, Girdarasha soil with 100% 
soil moisture content (S3W2) showed the highest total ac�nomycetes popula�on. The 
combina�ons of P1S3W2 and CS3W2 during the 2nd and 5th sampling respectively revealed 
the highest ac�nomycetes popula�on. The combina�ons of P1S2W1, P1S2W2, P2S3W2, 
CS3W1 and CS3W2 showed significant increasing in total ac�nomycetes during the last 
sampling.  
 
Table 3: Effects of different treatments on soil total bacterial popula�on×105.g-1 dry soil 

during five sampling periods (Mean±S.E.). 

Treatments 

1st 
sampling 
9/6/2011 
(24h a�er 

application
) 

2nd 
sampling 

24/6/2011 
(2 weeks 

after 
application

) 

3rd 
sampling 
9/7/2011 
(4 weeks 

after 
application

) 

4th 
sampling 

24/7/2011 
(6 weeks 

after 
application

) 

5th 
sampling 
8/8/2011 
(8 weeks 

after 
application

) 

P1 (Glyphosate) 
40.69±7.14

8 a 
4.69±1.101 

c 
10.56±2.78

7 b 
11.00±2.82

2 a 
21.29±3.22

1 a 

P2 (Mancozeb) 
7.15±1.422 

b 
7.40±2.240 

b 
8.30±1.770 

c 
9.04±1.957 

b 
12.91±2.24

1 b 

P3 (Diazinon) 
10.43±2.38

9 b 
8.62±1.121 

b 
13.28±2.61

0 a 
11.40±1.29

0 a 
13.03±3.01

3 b 

C (Control) 
7.05±1.250 

b 
20.20±3.76

6 a 
13.49±0.81

1 a 
6.43±0.920 

c 
8.84±1.423 

c 

S1 (Agholan) 
22.53±1.19

1 a 
11.82±3.87

5 a 
8.00±1.190 

c 
6.59±0.971 

c 
9.06±2.624 

c 

S2 (Debaga) 
9.59±1.903 

c 
10.03±2.58

3 b 
11.72±2.11

8 b 
12.06±1.94

8 a 
12.33±1.27

1 b 

S3 (Girdarasha) 
16.88±4.69

9 b 
8.84±1.207 

b 
14.50±1.69

1 a 
9.75±1.560 

b 
20.67±3.64

9 a 

W1 (50% Moisture 
content) 

8.61±2.302 

b 9.74±1.818 
12.47±1.83

8 a 
10.48±1.55

3 a 
17.92±4.70

0 a 

W2 (100% Moisture 
content) 

24.05±4.60
2 a 

10.72±4.52
0 

10.34±1.19
2 b 

8.45±1.165 

b 
10.12±1.35

7 b 

P1S1 
62.53±3.38

7 a 
7.04±0.000 

fg 
8.38±0.318 

fg 
4.91±0.088 

e 
5.78±0.693 

f 
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P1S2 
9.07±2.409 

cde 
3.03±1.053 

h 
5.65±0.351 

hi 
16.59±7.08

0 a 
15.03±2.68

5 bcd 

P1S3 
50.46±40.8

54 b 
11.04±0.16

3 cd 
17.66±3.07

5 a 
11.49±0.81

6 bc 
43.05±11.6

78 a 

P2S1 
5.98±3.991 

de 
2.05±0.712 

h 
4.51±1.095 

i 
8.37±2.807 

cd 
9.66±1.595 

ef 

P2S2 
8.37±1.694 

cde 
13.49±3.18

7 bc 
9.42±2.831 

ef 
8.38±1.518 

cd 
11.92±4.95

6 cde 

P2S3 
7.10±2.945 

de 
6.65±1.506 

g 
10.96±3.44

3 de 
10.38±3.67

8 c 
17.17±4.31

1 b 

P3S1 
14.55±14.0

78 c 
7.46±1.376 

g 
6.75±0.121 

gh 
8.84±0.771 

cd 
15.58±5.96

8 bc 

P3S2 
10.60±3.18

5 cd 
9.96±2.027 

de 
18.16±3.46

4 a 
14.65±0.13

1 ab 
10.20±0.68

1 def 

P3S3 
6.14±1.141 

de 
8.43±2.145 

g 
14.93±1.77

7 b 
10.71±2.61

0 c 
13.32±0.89

3 bcde 

CS1 
7.04±0.260 

de 
37.75±9.86

5 a 
12.38±1.42

6 cd 
4.24±1.161 

e 
5.21±0.966 

f 

CS2 
10.31±1.45

1 cd 
13.62±4.27

1 b 
13.67±0.46

1 bc 
8.61±1.023 

cd 
12.19±1.01

2 bcde 

CS3 
3.80±0.325 

e 
9.23±2.466 

def 
14.43±2.34

0 b 
6.44±0.867 

de 
9.14±1.980 

ef 

P1W1 
18.41±5.72

1 b 
4.99±1.172 

de 
12.58±2.66

6 a 
13.66±3.43

5 a 
29.97±8.17

1 a 

P1W2 
62.97±10.6

80 a 
4.39±1.452 

e 
8.55±1.632 

b 
8.34±1.790 

bcd 
12.60±4.41

4 bc 

P2W1 
6.24±2.337 

c 
11.53±3.87

1 bc 
9.20±2.604 

b 
8.26±2.308 

cd 
15.47±3.93

5 bc 

P2W2 
8.06±1.955 

c 
3.26±0.963 

e 
7.39±2.840 

b 
9.83±1.635 

abc 
10.36±1.75

9 bc 

P3W1 
2.30±1.146 

c 
8.78±1.051 

c 
14.47±4.95

0 a 
12.57±1.53

7 ab 
16.76±2.07

9 b 

P3W2 
18.56±5.37

1 b 
8.45±2.269 

cd 
12.09±2.85

5 a 
10.23±2.14

3 abc 
9.31±2.388 

bc 

CW1 
7.51±2.392 

c 
13.64±2.46

5 b 
13.64±1.69

4 a 
7.45±1.224 

cd 
9.49±1.657 

bc 

CW2 
6.59±1.368 

c 
26.75±5.88

9 a 
13.34±0.63

2 a 
5.41±1.304 

d 
8.20±2.638 

c 

S1W1 
9.73±3.636 

c 
7.37±2.961 

c 
8.22±1.035 

c 
7.80±1.536 

c 
11.81±4.93

0 b 

S1W2 
35.32±10.7

64 a 
16.26±13.8

46 a 
7.79±2.346 

c 
5.38±1.037 

d 
6.30±1.660 

c 

S2W1 
9.83±2.696 

c 
10.76±2.11

6 b 
12.18±2.19

0 b 
14.50±3.28

0 a 
13.82±2.04

1 b 

S2W2 
9.34±2.097 

c 
9.29±2.719 

b 
11.27±1.80

1 b 
9.62±1.725 

bc 
10.85±1.38

0 b 
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S3W1 
6.28±1.070 

c 
11.08±0.94

9 b 
17.02±2.36

3 a 
9.16±2.245 

c 
28.13±6.71

8 a 

S3W2 
27.47±7.33

2 b 
6.60±1.600 

c 
11.98±1.87

9 b 
10.35±2.46

6 b 
13.20±2.71

8 b 

P1S1W1 
29.14±4.36

7 b 
0.007±0.00

0 n 
8.70±0.251 

h 
4.99±0.120 

jkl 
6.47±0.844 

kl 

P1S1W2 
95.92±14.2

40 a 
0.008±0.00

0 n 
8.06±0.459 

hi 
4.82±0.121 

kl 
4.09±0.000 

l 

P1S2W1 
16.48±0.31

1 c 
4.08±0.000 

kl 
5.30±0.300 

k 
23.67±7.13

1 a 
17.71±1.33

9 cde 

P1S2W2 
1.66±0.064 

gh 
1.08±0.067 

m 
6.00±0.000 

jk 
9.51±0.181 

fgh 
12.34±2.01

0 ghi 

P1S3W1 
9.61±1.060 

d 
10.88±0.06

2 fg 
23.74±0.29

2 a 
12.31±0.11

8 cde 
65.73±4.21

6 a 

P1S3W2 
91.32±8.25

8 a 
11.20±0.00

0 ef 
11.59±0.37

2 fg 
10.68±0.36

3 defg 
20.37±0.00

0 cd 

P2S1W1 
1.99±0.000 

gh 
2.76±0.000 

lm 
6.60±0.246 

ijk 
11.17±1.99

0 def 
8.06±1.270 

ijkl 

P2S1W2 
9.97±2.644 

d 
1.34±0.000 

m 
2.41±0.000 

l 
5.56±0.424 

ijkl 
11.25±0.00

0 ghij 

P2S2W1 
6.68±0.964 

defg 
22.68±0.00

0 b 
6.59±1.268 

ijk 
9.90±0.177 

efgh 
16.87±1.61

4 def 

P2S2W2 
10.07±0.98

9 d 
4.31±0.000 

jkl 
12.25±0.68

8 defg 
6.86±0.414 

ijk 
6.96±0.000 

jkl 

P2S3W1 
10.04±0.00

0 d 
9.16±0.000 

fg 
14.41±0.66

8 c 
3.70±0.000 

l 
21.48±0.00

0 c 

P2S3W2 
4.15±0.000 

defgh 
4.15±0.000 

kl 
7.52±0.063 

hij 
17.06±0.72

1 b 
12.85±0.86

6 fgh 

P3S1W1 
0.47±0.000 

h 
8.84±1.701 

gh 
6.63±0.188 

ijk 
9.61±0.656 

fgh 
26.55±6.50

9 b 

P3S1W2 
28.63±2.54

3 b 
6.08±0.000 

ijk 
6.87±0.137 

hijk 
8.07±0.424 

ghi 
4.62±0.377 

l 

P3S2W1 
4.41±0.000 

defgh 
6.94±0.000 

hi 
23.62±0.66

1 a 
14.78±1.18

5 bc 
9.52±1.359 

hijk 

P3S2W2 
16.78±0.00

0 c 
12.99±3.16

1 de 
12.69±0.31

9cdefg 
14.52±0.71

8 bc 
10.88±0.22

9 ghij 

P3S3W1 
2.00±0.000 

gh 
10.58±1.95

4 fg 
13.15±0.54

7 cdef 
13.32±1.77

5 cd 
14.21±0.95

1 efg 

P3S3W2 
10.28±2.42

8 d 
6.29±0.000 

ij 
16.70±3.43

0 b 
8.10±0.000 

ghi 
12.43±0.30

7 ghi 

CS1W1 
7.30±0.000 

def 
17.88±0.63

0 c 
10.95±0.50

6 g 
5.40±0.480 

jkl 
6.17±1.663 

kl 

CS1W2 
6.78±0.000 

defg 
57.61±5.86

1 a 
13.81±0.87

1 cde 
3.08±0.000 

l 
4.24±0.421 

l 

CS2W1 
11.76±0.00

0 cd 
9.35±0.123 

fg 
13.21±0.72

6 cdef 
9.63±0.000 

fgh 
11.17±1.29

0 ghij 
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CS2W2 
8.86±0.000 

de 
17.89±0.12

4 c 
14.13±0.31

6 cd 
7.59±0.000 

hij 
13.20±1.75

8 fgh 

CS3W1 
3.48±0.000 

fgh 
13.69±0.24

3 d 
16.77±0.60

5 b 
7.30±1.247 

hijk 
11.12±1.11

9 ghij 

CS3W2 
4.13±0.000 

defgh 
4.76±0.000 

jkl 
12.09±3.45

9 efg 
5.57±0.000 

ijkl 
7.16±1.299 

jkl 

  

Table 4: Effects of different treatments on soil total proteoly�c bacterial popula�on×105.g-1 
dry soil during five sampling periods (Mean±S.E.). 

Treatments 

1st 
sampling 
9/6/2011 
(24h a�er 

application
) 

2nd 
sampling 

24/6/2011 
(2 weeks 

after 
application

) 

3rd 
sampling 
9/7/2011 
(4 weeks 

after 
application

) 

4th 
sampling 

24/7/2011 
(6 weeks 

after 
application

) 

5th 
sampling 
8/8/2011 
(8 weeks 

after 
application

) 

P1 (Glyphosate) 
6.32±2.017 

a 2.68±0.292 
5.50±1.621 

a 
5.38±1.410 

a 
5.94±1.320 

b 

P2 (Mancozeb) 
3.49±0.713 

c 1.63±0.345 
4.49±1.712 

b 
3.07±0.553 

b 
6.64±1.405 

ab 

P3 (Diazinon) 
4.29±1.828 

b 5.98±1.165 
4.88±1.678 

ab 
4.52±1.411 

a 
7.95±1.316 

a 

C (Control) 
2.48±0.421 

d 9.82±2.226 
2.45±0.494 

c 
2.57±0.937 

b 
1.15±0.420 

c 

S1 (Agholan) 
3.86±1.483 7.14±2.551 

2.31±0.623 

c 
1.63±0.474 

c 
3.26±0.475 

b 

S2 (Debaga) 
4.10±0.655 3.71±1.031 

4.59±1.267 

b 
4.21±0.741 

b 
5.91±1.304 

a 

S3 (Girdarasha) 
4.47±1.593 4.23±1.090 

6.10±1.464 

a 
5.81±1.122 

a 
7.08±1.678 

a 

W1 (50% Moisture 
content) 

3.55±0.755 

b 3.63±0.800 
5.53±1.208 

a 4.13±0.917 
6.56±1.181 

a 

W2 (100% Moisture 
content) 

4.74±1.253 

a 6.42±1.667 
3.13±0.690 

b 3.64±0.742 
4.28±0.919 

b 

P1S1 
4.58±0.208 

c 
0.09±0.000 

b 
2.94±0.008 

cd 
1.31±0.161 

fg 
3.36±0.924 

cd 

P1S2 
4.16±1.054 

c 
2.25±0.084 

b 
3.39±1.002 

cd 
6.13±1.189 

bc 
7.17±2.318 

abc 

P1S3 
10.23±2.29

2 a 
9.79±1.609 

b 
10.18±2.34

6 a 
8.71±0.399 

a 
7.29±2.148 

ab 

P2S1 
1.56±1.004 

fg 
1.34±0.784 

b 
0.27±0.058 

e 
3.29±1.510 

defg 
3.27±0.299 

d 

P2S2 
4.66±0.694 

c 
1.15±0.502 

b 
6.14±1.335 

b 
3.48±1.028 

def 
6.48±0.890 

abcd 

P2S3 4.26±0.654 2.40±0.097 7.05±2.888 2.43±0.790 10.16±2.23
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c b b efg 2 a 

P3S1 
6.19±2.194 

b 
3.73±0.688 

b 
3.95±0.586 

c 
0.93±0.410 

h 
4.31±1.350 

bcd 

P3S2 
4.46±0.817 

c 
6.99±1.889 

b 
6.65±2.214 

b 
5.10±1.469 

cd 
9.31±0.742 

a 

P3S3 
2.21±1.764 

ef 
7.22±1.981 

b 
4.04±1.803 

c 
7.51±2.322 

ab 
10.22±1.82

9 a 

CS1 
3.13±0.260 

d 
23.51±2.30

6 a 
2.06±0.011 

d 
0.98±0.149 

g 
2.12±1.071 

e 

CS2 
3.11±0.323 

de 
4.44±0.128 

b 
2.16±0.012 

d 
2.15±1.230 

fg 
0.69±0.330 

e 

CS3 
1.20±0.167 

g 
1.51±0.600 

b 
3.13±0.955 

cd 
4.58±1.209 

cde 
0.66±0.025 

e 

P1W1 
6.98±0.546 

a 
3.91±0.442 

b 
5.95±1.292 

b 
4.80±1.069 

ab 8.07±1.913 

P1W2 
5.67±1.428 

b 
1.45±0.930 

b 
5.06±1.448 

b 
5.96±1.307 

a 3.81±0.718 

P2W1 
3.14±1.325 

cd 
2.09±0.245 

b 
5.32±1.106 

b 
2.97±0.948 

bc 7.78±2.554 

P2W2 
3.84±0.815 

c 
1.17±0.567 

b 
3.66±2.079 

c 
3.17±0.786 

bc 5.50±1.431 

P3W1 
1.36±1.147 

f 
5.91±1.650 

b 
8.08±1.928 

a 
5.92±1.473 

a 8.76±1.847 

P3W2 
7.21±2.615 

a 
6.05±2.014 

b 
1.68±0.350 

d 
3.12±1.372 

bc 7.13±2.141 

CW1 
2.73±0.681 

de 
2.62±1.006 

b 
2.77±0.860 

cd 
2.85±1.971 

bc 1.63±0.786 

CW2 
2.23±0.598 

e 
7.01±14.43

5 a 
2.13±0.616 

d 
2.29±0.652 

c 0.68±0.201 

S1W1 
2.93±1.780 

d 1.94±0.935 
2.94±1.088 

d 2.03±0.930 4.18±0.544 

S1W2 
4.80±2.551 

b 2.35±3.173 
1.67±0.600 

e 1.23±0.269 2.35±0.453 

S2W1 
4.56±0.892 

b 3.41±0.640 
5.05±2.393 

b 3.72±1.260 6.61±1.915 

S2W2 
3.63±1.031 

c 4.00±1.120 
4.12±1.274 

bc 4.71±0.903 5.21±1.985 

S3W1 
3.17±1.335 

cd 5.55±1.885 
8.60±1.922 

a 6.64±1.779 8.89±2.768 

S3W2 
5.78±2.986 

a 2.91±0.907  
3.60±1.464 

cd 4.97±1.498 5.27±1.816 

P1S1W1 
7.79±0.514 

c 
0.002±0.00

0 b 
2.93±0.314 

fghij 1.14±0.180 4.28±1.868 

P1S1W2 
1.37±0.158 

hi 
0.004±0.00

0 b 
2.95±0.131 

fghij 1.47±0.121 2.43±0.766 

P1S2W1 7.22±0. 3.33±0.062 2.39±0.300 4.94±0.357 9.49±2.800 
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187 c b ghijk 

P1S2W2 
1.11±0. 

640 ij 
1.16±0.671 

b 
4.39±1.299 

efg 7.32±0.604 4.85±0.487 

P1S3W1 
5.94±0. 

312 d 
8.40±2.363 

b 
12.53±0.46

7 a 8.31±0.415 
10.43±2.21

6 

P1S3W2 
14.52±0.38

1 a 
3.18±0.368 

b 7.83±0.86 b 9.11±0.906 4.14±1.164 

P2S1W1 
0.55±0.064 

ij 
2.13±0.000 

b 
0.21±0.000 

l 4.80±0.844 3.57±1.929 

P2S1W2 
2.56±0.078 

gh 
0.56±0.064 

b 
0.33±0.063 

kl 1.78±0.545 2.97±1.594 

P2S2W1 
3.96±0.361 

ef 
1.65±0.119 

b 
4.81±0.483 

def 2.45±0.471 7.37±1.960 

P2S2W2 
5.35±0.989 

d 
0.65±0.124 

b 
7.48±0.313 

bc 4.51±0.000 5.59±1.401 

P2S3W1 
4.92±0.000 

de 
2.50±0.481 

b 
10.94±0.48

6 a 1.64±0.119 
12.39±3.57

7 

P2S3W2 
3.61±0.694 

fg 
2.30±0.399 

b 
3.16±0.189 

fghi 3.22±0.300 7.93±1.608 

P3S1W1 
0.09±0.000 

j 
4.42±0.981 

b 
5.54±1.199 

cde 1.34±0.060 5.66±0.363 

P3S1W2 
12.39±0.79

5 b 
3.04±0.687 

b 
2.37±0.000 

ghijk 0.52±0.061 2.96±0.846 

P3S2W1 
3.64±0.446 

efg 
4.10±0.182 

b 
11.86±0.48

1 a 6.57±0.948 8.57±2.327 

P3S2W2 
5.27±0.554 

d 
9.88±0.496 

b 
1.43±0.319 

ijkl 3.63±0.539 
10.05±0.65

8 

P3S3W1 
0.44±0.257 

ij 
8.20±1.893 

b 
6.84±0.547 

bcd 9.84±4.496 
12.05±1.84

3 

P3S3W2 
3.97±0.944 

ef 
5.24±0.202 

b 
1.23±0.583 

ijkl 5.19±1.998 8.39±0.184 

CS1W1 
2.39±0.151 

fg 
1.20±0.567 

b 
3.07±0.632 

fghij 0.83±0.000 3.19±0.535 

CS1W2 
2.87±0.151 

fg 
15.81±6.45

0 a 
1.04±0.067 

jkl 1.13±0.059 1.05±0.130 

CS2W1 
3.43±0.566 

fg 
4.57±1.269 

b 
1.15±0.545 

ijkl 0.92±0.414 1.02±0.469 

CS2W2 
2.78±1.023 

fg 
4.31±0.000 

b 
3.18±0.063 

fghi 3.38±0.414 0.36±0.053 

CS3W1 
1.37±0.215 

hi 
2.11±0.000 

b 
4.09±0.424 

efgh 6.79±0.238 0.68±0.230 

CS3W2 
1.03±0.447 

ij 
0.91±0.000 

b 
2.18±0.000 

hijkl 2.37±0.179 0.63±0.236 
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Table 5: Effects of different treatments on soil total fungal popula�on×105.g-1 dry soil during 
five sampling periods (Mean±S.E.). 

Treatments 

1st 
sampling 
9/6/2011 
(24h a�er 

application
) 

2nd 
sampling 

24/6/2011 
(2 weeks 

after 
application

) 

3rd 
sampling 
9/7/2011 
(4 weeks 

after 
application

) 

4th 
sampling 

24/7/2011 
(6 weeks 

after 
application

) 

5th 
sampling 
8/8/2011 
(8 weeks 

after 
application

) 

P1 (Glyphosate) 
8.11±2.353 

a  
20.74±5.59

9 b 
10.95±2.02

6 a 
10.02±1.88

1 a 
15.65±4.52

2 a 

P2 (Mancozeb) 
2.20±0.366 

b 
3.43±0.482 

d 
5.89±1.736 

c 
2.33±0.037 

b 
1.66±0.434 

c 

P3 (Diazinon) 
2.25±0.657 

b 
11.90±3.46

7 c 
6.28±1.614 

c 
2.69±0.235 

b 
4.67±1.176 

b 

C (Control) 
3.60±0.798 

b 
32.66±9.76

9 a 
7.63±1.204 

b 
8.57±2.281 

a 
4.59±1.309 

b 

S1 (Agholan) 
5.40±1.907 

20.41±9.39
3 a 

6.38±1.394 

c 4.45±0.909 
3.07±0.686 

c 

S2 (Debaga) 
3.01±0.736 

11.80±3.15
7 b 

7.84±1.473 

b 6.54±1.876 
6.67±2.194 

b 

S3 (Girdarasha) 
3.72±1.228 

19.33±4.50
1 a 

8.85±1.769 

a 6.71±2.516 
10.19±4.00

4 a 

W1 (50% Moisture 
content) 4.31±1.181 

13.02±3.57
3 b 

7.23±1.282 

b 5.75±1.525 
8.55±2.794 

a 

W2 (100% Moisture 
content) 3.77±1.089 

21.34±6.08
3 a 

8.15±1.256 

a 6.05±1.547 
4.74±1.453 

b 

P1S1 
14.00±0.02

0 a 
15.52±0.91

3 cd 
9.51±1.793 

c 
4.70±0.956 

c 
5.37±0.061 

cde 

P1S2 
1.76±0.463 

c 
11.77±0.96

2 de 
8.77±0.472 

c 
11.40±0.94

9 a 
15.34±5.32

2 b 

P1S3 
8.59±2.753 

ab 
34.93±8.22

4 a 
14.55±4.03

5 a 
13.96±2.34

5 a 
26.24±7.77

5 a 

P2S1 
2.37±1.267 

c 
2.16±0.819 

f 
3.87±1.672 

ef 
5.55±0.327 

b 
0.82±0.168 

g 

P2S2 
2.28±0.188 

c 
3.75±0.450 

f 
10.79±2.43

1 b 
1.18±0.053 

c 
1.97±0.473 

g 

P2S3 
1.94±0.518 

c 
4.37±0.003 

e 
3.00±0.538 

f 
0.26±0.157 

c 
2.19±0.122 

fg 

P3S1 
1.95±0.529 

c 
3.79±0.745 

f 
7.97±0.493 

d 
4.24±0.424 

c 
3.84±1.219 

ef 

P3S2 
2.80±1.837 

bc 
11.74±0.52

2 d 
3.30±0.867 

ef 
2.12±0.109 

c 
4.32±0.797 

de 

P3S3 
2.01±1.544 

c 
20.16±4.29

1 c 
7.57±0.729 

d 
1.70±0.143 

c 
5.86±0.405 

cd 

CS1 3.26±0.652 30.15±15.9 4.15±0.670 3.30±0.122 2.26±0.203 
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bc 88 b e c fg 

CS2 
5.20±2.138 

bc 
19.94±5.27

9 c 
8.49±1.043 

c 
11.48±0.20

2 a 
5.06±0.387 

cde 

CS3 
2.33±0.525 

c 
17.86±3.32

8 cd 
10.27±0.62

5 b 
10.93±0.58

9 ab 
6.46±0.405 

c 

P1W1 
8.88±3.873 

15.10±7.12
2 c 

11.31±4.19
6 a 

10.80±3.70
8 

20.04±8.25
7 a 

P1W2 
7.34±3.477 

26.39±8.61
1 b 

10.58±1.66
7 b 9.24±1.824 

11.26±3.84
8 b 

P2W1 
1.88±0.404 

3.55±0.421 

d 
5.62±1.565 

d 2.15±1.564 
2.28±0.704 

de 

P2W2 
2.51±0.640 

3.30±0.984 

d 
6.16±3.543 

d 2.51±1.701 
1.04±0.248 

e 

P3W1 
3.21±0.943 

8.97±3.494 

c 
4.68±1.126 

e 3.78±0.236 
5.88±2.138 

c 

P3W2 
1.30±0.605 

14.82±6.27
1 c 

7.88±3.032 

c 1.59±0.928 
3.46±0.939 

d 

CW1 
3.28±0.323 

24.45±9.85
7 b 

7.30±1.394 

c 6.27±2.839 
6.00±2.454 

c 

CW2 
3.92±1.726 

40.85±17.6
85 a 

7.97±2.278 

c 
10.87±3.55

7 
3.18±0.744 

d 

S1W1 
5.11±3.033 

17.03±0.95
3 

6.18±1.788 

c 4.88±0.136 
2.77±0.948 

d 

S1W2 
5.68±2.779 

23.78±1.77
0 

6.58±2.418 

c 4.01±0.137 
3.37±1.112 

d 

S2W1 
2.77±0.719 6.66±0.282 

6.01±1.112 

c 6.55±0.316 
8.42±0.414 

b 

S2W2 
3.24±1.404 

16.94±0.45
7 

9.67±2.578 

a 6.54±0.253 
4.93±1.820 

c 

S3W1 
5.05±2.108 

15.37±0.45
7 

9.50±3.325 

a 5.82±0.364 
14.46±0.67

1 a 

S3W2 
2.38±1.184 

23.29±0.79
5 

8.19±1.806 

b 7.60±0.397 
5.91±0.419 

c 

P1S1W1 
14.02±4.75

2 
16.44±3.07

0 efgh 
11.30±0.00

0 cd 3.75±0.000 
5.43±0.000 

de 

P1S1W2 
13.98±7.75

3 
14.61±6.49

4 fghi 
7.72±0.000 

gh 5.66±0.000 
5.31±0.000 

def 

P1S2W1 
1.29±0.498 

2.15±0.000 

i 
4.05±0.600 

jk 
12.35±0.00

0 
20.66±0.00

0 b 

P1S2W2 
2.22±1.281 

21.40±0.00
0 def 

13.50±0.00
0 b 

10.46±0.00
0 

10.02±3.04
5 c 

P1S3W1 
11.34±5.92

3 
26.71±7.46

2 cd 
18.59±0.00

0 a 
16.31±2.30

9 
34.01±0.00

0 a 

P1S3W2 
5.83±2.986 

43.16±1.39
7 bc 

10.52±0.00
0 cde 

11.62±4.2.
90 

18.46±0.00
0 b 

P2S1W1 1.10±0.637 2.98±0.000 5.54±0.000 5.22±1.809 0.98±0.000 
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i i g 

P2S1W2 
3.64±1.011 

1.34±0.000 

i 
2.19±0.000 

l 5.88±0.000 
0.65±0.061 

g 

P2S2W1 
2.09±0.000 

3.30±0.714 

i 
8.36±0.000 

fg 1.12±0.530 
2.44±0.574 

fg 

P2S2W2 
2.46±1.051 

4.20±1.305 

hi 
13.23±0.00

0 b 1.23±0.473 
1.50±0.475 

g 

P2S3W1 
2.46±1.049 

4.37±1.202 

hi 
2.94±0.000 

kl 
0.10±0.059

3 
3.41±0.417 

defg 

P2S3W2 
1.42±0.442 

4.38±0.000 

hi 
3.05±0.503 

kl 0.42±0.240 
0.98±0.315 

g 

P3S1W1 
1.42±0.000 

4.53±0.000 

hi 
3.04±0.502 

kl 8.48±4.655 
2.62±0.908 

efg 

P3S1W2 
2.48±0.159 

3.04±1.298 

i 
12.91±0.75

2 c 
0.009±0.00

0 
5.06±1.947 

def 

P3S2W1 
4.63±2.421 

6.52±0.000 

ghi 
4.16±0.000 

ijk 1.03±0.593 
5.12±0.591 

def 

P3S2W2 
0.96±0.554 

16.96±0.00
0 defg 

2.43±1.275 

l 3.21±1.736 
3.52±0.000 

defg 

P3S3W1 
3.56±1.796 

15.87±0.00
0 defg 

6.84±0.911 

h 1.84±0.118 
9.91±2.010 

c 

P3S3W2 
0.47±0.000 

24.45±1.27
7 def 

8.30±0.000 

gh 1.56±0.230 
1.81±0.184 

g 

CS1W1 
3.91±2.258 

44.17±6.61
2 b 

4.82±0.000 

ij 2.08±0.000 
2.06±0.000 

fg 

CS1W2 
2.61±1.506 

76.14±0.00
0 a 

3.48±0.670 

kl 4.51±2.132 
2.46±0.948 

efg 

CS2W1 
3.06±1.061 

14.66±2.57
6 efgh 

7.44±0.545 

gh 
11.68±5.08

7 
5. 

44±0.680 d 

CS2W2 
7.34±3.068 

25.22±5.35
0 de 

9.53±1.707 

ef 
11.28±5.32

7 
4.67±0.000 

def 

CS3W1 
2.88±1.219 

14.53±1.33
8 efgh 

9.64±4.842 

def 5.04±1.841 
10.51±3.35

6 c 

CS3W2 
1.81±1.043 

21.19±8.50
5 def 

10.89±0.00
0cd 

16.81±8.15
9 

2.41±0.968 

fg 

 
Table 6: Effects of different treatments on soil total ac�nomycetes popula�on×104.g-1 dry 

soil during five sampling periods (Mean±S.E.). 

Treatments 

1st 
sampling 
9/6/2011 
(24h a�er 

application
) 

2nd 
sampling 

24/6/2011 
(2 weeks 

after 
application

) 

3rd 
sampling 
9/7/2011 
(4 weeks 

after 
application

) 

4th 
sampling 

24/7/2011 
(6 weeks 

after 
application

) 

5th 
sampling 
8/8/2011 
(8 weeks 

after 
application

) 

P1 (Glyphosate) 2.29±0.576 2.55±0.558 1.6±0.693 a 1.7±0.347 a 9.39±3.299 
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c b b 

P2 (Mancozeb) 
5.04±1.028 

b 
2.36±0.425 

b 0.2±0.181 b 1.7±0.345 a 
6.06±2.871 

d 

P3 (Diazinon) 
5.58±0.605 

ab 3.2±0.558 a 0.5±0.370 b 2.1±0.007 a 
6.75±1.451 

c 

C (Control) 
6.27±1.435 

a 
2.65±0.486 

b 0.1±0.086 b 0.3±0.344 b 
10.03±3.30

6 a 

S1 (Agholan) 
4.27±0.845 

b 
2.32±0.430 

b 0.7±0.457 1.6±0.342 
3.23±0.532 

c 

S2 (Debaga) 
5.4±1.185 a 

2.74±0.336 

a 0.3±0.172 1.3±0.377 
9.49±2.477 

b 

S3 (Girdarasha) 
4.72±0.898 

ab 
3.01±0.516 

a 0.8±0.497 1.6±0.339 
11.47±2.59

7 a 

W1 (50% Moisture 
content) 

3.48±0.639 

b 
2.38±0.274 

b 0.8±0.406 1.2±0.306 
7.05±1.903 

b 

W2 (100% Moisture 
content) 

6.11±0.747 

a 3.0±0.401 a 0.4±0.202 1.7±0.234 
9.07±2.004 

a 

P1S1 
3.15±1.371 

fg 
1.78±0.809 

c 1.6±1.630 2.1±0.007 
4.45±1.524 

f 

P1S2 
1.43±0.786 

h 
2.24±0.088 

c 0.5±0.519 1.0±1.045 
19.62±0.00

5 a 

P1S3 
2.3±1.003 

gh 
3.62±1.469 

b 2.6±1.484 2.1±0.021 
4.12±2.034 

f 

P2S1 
3.3±2.087 

fg 
2.18±0.053 

c 
0.009±0.00

0 2.1±0.005 2.0±0.119 g 

P2S2 
4.23±0.055 

ef 
3.18±1.122 

b 0.5±0.542 2.0±0.004 
2.09±0.020 

g 

P2S3 
7.58±1.166 

b 
1.72±0.569 

c 
0.008±0.00

0 2.1±1.040 
14.08±5.20

1 b 

P3S1 
5.01±0.498 

de 1.7±0.113 c 1.1±1.089 2.07±0.015 
2.63±0.519 

g 

P3S2 
6.58±0.617 

bc 
3.39±0.814 

b 
0.009±0.00

0 2.1±0.011 
10.3±0.065 

c 

P3S3 
5.17±1.838 

de 4.5±0.160 a 0.5±0.526 2.1±0.014 
7.34±1.159 

d 

CS1 
5.61±2.999 

cd 
3.63±1.448 

b 
0.009±0.00

0 
0.007±0.00

0 
3.84±1.265 

f 

CS2 
9.37±2.018 

a 
2.14±0.016 

c 0.3±0.257 
0.009±0.00

0 
5.94±1.133 

e 

CS3 
3.82±1.338 

ef 
2.19±0.080 

c 
0.008±0.00

0 1.0±1.031 
20.32±0.12

8 a 

P1W1 
1.24±0.3.2

83 d 
1.76±0.3.9

49 d 2.8±0.899 a 1.4±0.689 
8.21±0.571 

c 

P1W2 
3.35±0.6.6

53 c 
3.33±0.8.8

21 a 0.4±0.358 b 2.1±0.001 
10.58±0.45

2 a 
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P2W1 
3.93±1.5.0

54 c 
2.16±0.067

7 cd 
0.007±0.00

0 b 1.4±0.688 
4.28±0.230 

e 

P2W2 
6.14±1.3.4

13 b 
2.56±0.9.2

54 bc 0.4±0.361 b 2.1±0.015 
7.84±0.572 

c 

P3W1 
4.60±0.7.5

88 c 
3.45±0.8.2

00 a 0.4±0.351 b 2.1±0.006 
6.52±0.205 

d 

P3W2 
6.57±0.5.3

44 b 
2.94±0.9.0

45 ab 0.7±0.726 b 2.1±0.007 
6.99±0.250 

d 

CW1 
4.15±1.6.0

12 c 
2.14±0.022

5 cd 
0.006±0.00

0 b 
0.007±0.00

0 
9.19±0.554 

b 

CW2 
8.38±1.8.0

01 a 
3.17±0.9.5

57 a 0.2±0.172 b 0.7±0.688 
10.87±0.48

2 a 

S1W1 
2.53±0.720 

1.77±0.280 

c 0.8±0.815 1.6±0.520 
2.63±0.275 

d 

S1W2 
6.01±0.895 

2.87±0.764 

ab 0.5±0.545 1.6±0.524 
3.83±1.003 

c 

S2W1 
4.53±1.449 

2.63±0.523 

b 0.3±0.260 1.0±0.591 
9.18±3.868 

b 

S2W2 
6.27±1.987 

2.84±0.496 

ab 0.4±0.258 1.6±0.518 
9.79±3.689 

b 

S3W1 
3.38±1.093 

2.72±0.540 

b 1.3±0.955 1.0±0.592 
9.33±3.880 

b 

S3W2 
6.05±1.174 

3.29±0.946 

a 0.3±0.268 2.1±0.006 
13.6±3.659 

a 

P1S1W1 
1.78±0.000 

0.97±0.000 

e 3.3±0.188 2.1±1.202 
2.92±0.000 

g 

P1S1W2 
4.52±0.237 

2.59±0.000 

b 
0.0009±0.0

00 2.1±0.000 
5.97±0.000 

ef 

P1S2W1 
0.65±0.159 

2.15±0.000 

bc 1.0±0.060 
0.0008±0.0

00 
19.61±0.00

0 a 

P1S2W2 
2.22±0.000 

2.33±0.000 

bc 
0.0008±0.0

00 2.1±0.000 
19.62±0.00

0 a 

P1S3W1 
1.3±0.499 

2.15±0.000 

bc 4.0±0.233 2.1±0.000 
2.09±0.000 

g 

P1S3W2 
3.3±0.635 

5.09±0.000 

a 1.1±0.062 2.1±1.208 
6.15±0.000 

ef 

P2S1W1 
1.21±0.000 

2.13±0.000 

bc 
0.0005±0.0

00 2.1±0.000 
1.88±0.000 

g 

P2S1W2 
5.39±0.000 

2.23±0.000 

bc 
0.0006±0.0

00 2.1±1.212 
2.12±0.000 

g 

P2S2W1 
4.17±0.000 

2.06±0.000 

bcd 
0.0005±0.0

00 2.0±1.178 
2.07±0.000 

g 

P2S2W2 
4.28±0.000 

4.31±1.243 

a 1.1±0.063 2.0±1.182 
2.11±0.000 

g 

P2S3W1 
6.41±0.000 

2.29±0.000 

bc 
0.0007±0.0

00 
0.0008±0.0

00 
8.88±0.000 

cd 
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P2S3W2 
8.74±0.000 

1.15±0.000 

de 
0.0008±0.0

00 2.1±1.201 
19.28±0.00

0 a 

P3S1W1 
4.51±1.507 

1.81±0.000 

bcde 
0.0008±0.0

00 2.1±0.000 
3.14±0.000 

g 

P3S1W2 
5.51±1.589 

1.59±0.000 

cde 2.2±0.126 2.1±0.000 
2.11±0.000 

g 

P3S2W1 
5.96±0.000 4.2±0.000 a 

0.0007±0.0
00 2.1±1.185 

10.24±0.00
0 bc 

P3S2W2 
7.19±0.000 

2.58±0.000 

b 
0.0006±0.0

00 2.1±1.197 
10.36±0.00

0 b 

P3S3W1 
3.33±0.000 

4.34±1.160 

a 1.1±0.061 2.0±0.000 
6.18±0.000 

ef 

P3S3W2 
7.01±2.698 

4.66±0.000 

a 
0.0007±0.0

00 2.1±1.199 
8.5±0.000 

de 

CS1W1 
2.61±0.000 

2.18±0.000 

bc 
0.0008±0.0

00 
0.0008±0.0

00 
2.57±0.514 

g 

CS1W2 
8.61±0.301 

5.08±0.000 

a 
0.0008±0.0

00 
0.0007±0.0

00 5.1±0.342 f 

CS2W1 
7.35±0.000 

2.12±0.000 

bc 
0.0007±0.0

00 
0.0007±0.0

00 
4.81±0.677 

f 

CS2W2 
11.39±0.00

0 
2.16±0.000 

bc 0.5±0.030 
0.0007±0.0

00 
7.07±2.606 

e 

CS3W1 
2.48±0.000 

2.11±0.000 

bc 
0.0007±0.0

00 
0.0008±0.0

00 
20.19±0.00

0 a 

CS3W2 
5.16±0.000 

2.27±0.000 

bc 
0.0007±0.0

00 2.1±0.000 
20.45±0.00

0 a 

 
Discussion   

Glyphosate showed the highest total bacterial popula�on at 24h and 8 weeks a�er 
application and similar observa�ons were reported by (16) and (17) and this is probably 
because glyphosate decomposi�on resulted in increasing of microbial ac�vity (18) so 
glyphosate can be quickly used by microorganisms as a source of energy, carbon and 
nitrogen which result in stimulation of the activity and functional diversity of cultivable 
por�on of heterotrophic soil microbial community (19 and 20); but during the 4th sampling 
both glyphosate and diazinon produced the same increasing effect on soil total bacteria as 
the same findings of (21) and (22) as well as observa�ons of (23) when diazinon increased 
bacterial popula�on by 16.4% a�er 30-60 days of soil applica�on. Agholan soil showed the 
highest total bacteria at 24h and 2 weeks a�er treatment and this may due to the highest 
organic matter and total nitrogen contents of this soil which utilized by bacteria as a source 
of energy. Soil moisture content of 50% showed the highest total bacterial popula�on during 
the 3rd, 4th and 5th sampling periods and this may refer to the environmental temperature 
during these periods (table 2). The combina�on P1S1 showed the highest total bacterial 
popula�on at 24h a�er treatment which may be due to non-biological degradation of 
pesticides by organic matter, so the behavior and fate of glyphosate is greatly influenced by 
this process which is depend on some factors such as clay mineral composition, pH, 
exchangeable ca�ons, moisture, temperature and type pes�cide (24). The combina�on 
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P1W1 showed the highest total bacterial count at the last sampling periods and this 
increasing response to glyphosate may be due to soil moisture (25). The combined 
treatment S1W2 at 24h and 2 weeks a�er treatment gave the highest total bacterial count 
and this may refer to the type and amount of organic matter and type of microbial 
population in addition to sufficient moisture content in Agholan soil which preferred the 
growth and replica�on of bacteria. The combina�ons S2W1 during the 4th sampling and 
S3W1 during the 3rd and 5th sampling showed the highest total bacterial count, and this may 
agree with the statement of (26) who stated that water has a strong a�rac�on to soil 
colloidal particles; microorganisms and plants that depend upon each other’s biological 
functions for survival are inhibited by the lack of water, where there is little water in the soil 
there is an abundance of air which can limit the accumulation of organic matter by 
accelera�ng decomposi�on and remaining the low level of soil colloids. According to table 5, 
glyphosate showed the highest count of soil total proteoly�c bacteria at 24h, 4 and 6 weeks 
after treatment, and diazinon showed the highest count of total proteolytic bacteria during 
the last sampling periods. Similar observa�ons were recorded by (21); (23); (27) and (28). 
The increasing in total proteolytic bacterial population during pesticide treatment indicates 
that this group of bacteria is capable of degrading the studied pesticides and uses them as a 
source of carbon and energy (29). The lowest number of total proteolytic bacteria was 
recorded in control during the study and similar conclusions were given by (30). Girdarasha 
soil showed the highest total proteolytic bacterial count, but Agholan soil showed the lowest 
soil total proteolytic bacteria during the 3rd, 4th and 5th sampling periods and this may refer 
to the amount and type of organic ma�er of the studied soils. 100% soil moisture content 
revealed highest soil total proteoly�c bacterial count at 24h a�er treatment, but 50% soil 
moisture content showed the highest total proteoly�c bacteria 4 and 8 weeks a�er 
treatment and probably this may refer to the proper moisture content which resulted in 
increasing total proteolytic bacteria during the first days of treatment in comparing with the 
soils containing lower moisture content which increased total proteolytic bacteria 
subsequently (table 2). The combina�ons of CS1 and P3S3 during the 2nd and 5th sampling 
periods showed the highest total proteoly�c bacterial count, however the statements of (28) 
and (23) who described that total proteoly�c bacterial popula�on was increased in silt loam 
soil a�er diazinon treatment seem to confirm the fact with the combina�on of P3S3. The 
combined treatment S3W2 at the beginning and S3W1 during the 3rd sampling showed the 
highest total proteolytic bacterial population and this may refer to the texture of Agholan 
soil which absorb more water and reduced oxygen in the pores thus proteolytic bacterial 
population was reduced. Glyphosate in Girdarasha soil with 100% soil moisture content 
(P1S3W2) showed highest total proteoly�c bacterial count during the 1st sampling probably 
because glyphosate used as a source of nutrient, carbon and energy in the presence of 
sufficient moisture in a fertile soil as described by (31). In the 3rd sampling the combination 
P1S3W1 showed the highest total proteoly�c bacterial count and this may refer to 
degradation of the studied pesticides and utilized by such group of bacteria or according to 
explana�on men�oned by (32) that increasing moisture content in loam soil reduce 
adsorption of pesticides to soils and the pesticide may undergo several processes of 
degradation, hydrolysis, leaching and volatilization and produce less effect. According to the 
data shown in (table 5), glyphosate revealed the highest fungal population during the 
studied periods except for the 2nd sampling and this also concluded by (16); (17); (25); (33) 
and (34) who observed that fungal population increased in response to glyphosate so its 
application at field rate stimulate microbial population and activity. At the end of the study, 
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mancozeb significantly decreased total fungi in accordance with the results of (17), (35) and 
(36) in which a significant decline in the number of soil fungi occurred during fungicide 
treatment and this is due to the effect of fungicide on the reduction of growth of hyphae and 
their division as well as on the decrease in the activity of enzyme responsible for the 
decomposition of the fungicide thus an increase in organic matter in soil occur and resulted 
in increasing microbial ac�vity (37). Girdarasha soil showed the highest total fungi count 
during the 2nd, 3rd and 5th sampling periods, probably, because the higher organic matter 
content of this soil supply carbon and energy to soil microbes and provide sites for microbes 
to colonize and decompose organic pollutants. 100% soil moisture content showed the 
highest total fungi count during the 2nd and 3rd sampling periods, while 50% soil moisture 
content showed the highest total fungi count at the end of the study and this may refer to 
proper humidity during this period (table 2). The combina�on of P2S1 caused significant 
reduc�on in total fungi at the end of the study and the observa�ons of (36) who observed 
that mancozeb in soil with decreased organic matter content result in decreasing soil fungi 
so Debaga soil containing the least amount of organic matter among the studied soils. 
During the 3rd and 5th samplings, the combined treatment P1W1 showed significant increase 
in total fungi, but P2W2 showed the least fungal popula�on during the 5th sampling as 
obtained by (36) who found that fungicide concentra�on and soil moisture contribute to the 
decline in the number and ac�vity of soil fungi. Both the combina�ons S1W1 and S1W2 
caused significant decrease in total fungi during this period; (37) stated that fungi find the 
upper layers of soil conducive for growth and they are only able to grow when there is 
adequate oxygen in the soil water; when the pH of soil is acidic, fungi overcome bacterial 
growth and when the soil is low in nitrogen, fungi are able to produce more protoplasm than 
bacteria on the limited nitrogen; fungi can also grow under less moist conditions than 
bacteria; Agholan soil contains more clay and has less pore size which becomes poorer in 
oxygen, as well as it has higher pH value and nitrogen content in comparing with Debaga and 
Girdarasha soils which may be the possible cause of reduced fungal population. The 
combina�on P1S3W1 during the 3rd and 5th sampling periods showed significant increase in 
total fungi and similar finding of (36) who found that herbicide with moisture content and 
organic matter result in increasing soil fungi. All the treatments caused high reduction in 
actinomycetes population during the 2nd sampling period except for glyphosate treatment 
(table 6) and more reduc�on was observed during the 3rd and 4th sampling periods with 
higher reduction in control and this may refer to competition between bacteria and fungi 
with actinomycetes for their food sources, but diazinon showed the higher population of 
ac�nomycetes during the 2nd sampling while lower than the 1st sampling and similar 
observa�on was given by (21) and (23) when diazinon decreased actinomycetes population; 
glyphosate caused significant reduc�on in soil total ac�nomycetes during the 3rd sampling 
period and similar observa�ons were given by (39) and this may be due to the inhibi�on of 
aromatic amino acid synthesis in soil microorganisms which exhibit short or long-term 
effects on soil biological processes (25) or may refer to suscep�bility of ac�nomycetes 
population to the products of soil-pesticide interactions which could have a microbicidal 
property; at the last sampling period the highest actinomycetes population was observed in 
control as the same observa�on of (16) when they noted an increase in ac�nomycetes 
popula�on in control at the end of 60 days of glyphosate treatment. Debaga soil showed the 
highest actinomycetes population at the beginning of the study and Girdarasha soil 
increased total actinomycetes at the end of the study, probably, because actinomycetes can 
metabolize most naturally occurring organics and require less nitrogen than most bacteria 
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for cell growth, thus actinomycetes tend to metabolize the more resistant forms of organic 
matter; after the normal bacteria and fungi metabolize the readily biodegradable 
components, the actinomycetes are able to continue to metabolize the residual organics 
(38). Agholan soil caused significant reduc�on in soil total actinomycetes during the last 
sampling as the same observations given by (21) when actinomycetes population decreased 
in clay-loam soil. 100% soil moisture content showed the highest total ac�nomycetes during 
the 1st, 2nd and 5th sampling periods, probably, because when sufficient water is available, 
faster dilution of pesticides might be expected and fewer effects on soil microorganisms 
expressed (40). The combined treatments P1S2 and CS3 showed significant increasing in 
total actinomycetes at the last sampling period possibly because glyphosate was degraded 
completely at the end of the 60th day of application and increased soil phosphorus and 
nitrogen content which became sources of energy and nitrogen for actinomycetes and in the 
latest combination there was no pesticide application which made soil more preferable for 
their growth. During the 1st sampling the combined treatment CW2 showed the highest 
actinomycetes population because there was no pesticide treatment and the moisture was 
available. The combina�on of P1W1 revealed the lowest soil total ac�nomycetes during the 
2nd sampling probably because glyphosate concentra�on was higher in 50% and made more 
negative effect, or due to a microbial competition for nutrient and energy source during the 
1st, 2nd and 3rd samplings between bacteria, proteolytic bacteria and fungi in one side (tables 
3, 4 and 5) and ac�nomycetes on the other side thus ac�nomycetes popula�on was lower 
during these periods. The combina�ons of P1S2W1 showed significant increasing in total 
ac�nomycetes during the last sampling, (32) stated that increasing moisture content in loam 
soil reduce adsorption of pesticides to soils and the pesticide may undergo several processes 
of degradation, hydrolysis, leaching and volatilization and reduced their effects.  

 
Conclusion 

Glyphosate and diazinon showed more positive effects on soil microbial population 
counts than mancozeb. More increasing effect on soil microbial population was shown by 
girdarasha soil. 100% soil moisture content showed more significant effects on soil microbial 
population. 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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