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ABSTRACT 
The non-target effects of AmistarTM (azoxystrobin) and ScoreTM (difenoconazole) were studied in terms of changes in the soil microbial 
populations, soil respiration and activity of soil enzymes. Both the fungicides significantly reduced the fungal population in the soils even 
at the lowest concentration used (0.44 �g. (a.i.) g-1 soil) and totally eliminated it at the recommended dose for field application (2.2 �g. 
(a.i.) g-1 soil). On the other hand, the populations of bacteria and actinomycetes in the treated soil increased with increasing concentrations 
of the fungicides. Soil respiration decreased significantly with increasing concentrations of Azoxystrobin and Difenoconazole. However, 
there was an increase in the rate of soil respiration when up to 0.44 �g. (a.i.) g-1 soil of Difenoconazole was applied. The activities of soil 
enzymes cellulase, xylanase and protease increased with increasing concentrations of the fungicides Azoxystrobin and Difenoconazole. 
On the other hand, the activities of urease and acid phosphatase decreased with the application of these fungicides. Both the rate of soil 
respiration and the activities of the tested soil enzymes reached the same level as controls after prolonged incubation. Degradation of 
Azoxystrobin and Difenoconazole in two different soils was estimated using HPLC. Azoxystrobin was degraded by 95% in a period of 96 
hours in the slightly alkaline Coimbatore soil, whereas in the acidic Valparai soil, the degradation was only 70% during the same period. 
Difenoconazole, however, was quickly degraded in both Coimbatore (95%) and Valparai (97%) soils after 96 hours. 
_____________________________________________________________________________________________________________ 
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INTRODUCTION 
 
An ideal fungicide is one that selectively kills or inhibits 
pathogenic fungi in soil when used at concentrations non-
toxic to all other soil microorganisms. The remaining micro-
organisms could then serve as a biological buffer against 
the reestablishment of plant pathogens and also contribute 
activities essential for soil fertility. 

Extensive use of fungicides can lead to marked changes 
in the microbial equilibrium of agricultural soils, both in 
terms of numbers of microorganisms and their activity. The 
changes may bring either beneficial or detrimental effects 
on plant growth, either by ameliorating or limiting the vari-
ous microbial populations and their activities (Ingham and 
Coleman 1984; Akinyanju and Fadayomi 1989; El-Abyad 
and Gharrel 1991). 

Efforts to quantify soil quality on the basis of soil bio-
logy are not new (Dick 1994; Turco et al 1994; Staben et al. 
1997). Numerous reports have been published on the main-
tenance or improvement of soil quality on the basis of soil 
physical and chemical characteristics (Papendick and Parr 
1992; Karlen and Stott 1994). In the past decade also micro-
biological, chemical and physical soil properties have all 
been used to obtain a more complete and precise definition 
of soil fertility (Schinner et al. 1991). Soil biological para-
meters are potential and sensitive indicators of soil ecolo-
gical stresses or restoration (Dick 1994; Gregorich et al. 
1994). Continuous inputs of pesticides might affect the soil 
microflora and so impair soil fertility (Schuster and Schro-
der 1990). Agricultural management practices may influ-
ence the size and composition of microflora in soils (Arden-
Clarke and Hodges 1988). The combined metabolism of 
mixed populations of microorganisms in complex substrates 
such as soil can be quantitatively determined by measure-

ments of microbial respiration, which is characterized by 
the production of CO2 or the uptake of O2 as a result of 
metabolism (Parkin et al. 1996). 

Enzyme activities are useful for assessing the influence 
of fertilizers and agrochemicals on the metabolic properties 
of the soil (Lethbridge and Burns 1976; Bayer et al. 1982; 
Schinner et al. 1990; He et al. 2001). The relationship 
between enzyme content and the levels of microbial bio-
mass appeared to vary with sampling time (Banerjee et al. 
1999). Treatment of soils with agrochemicals sometimes 
produces no changes in soil microflora and hence no change 
in enzymatic activity as reported by earlier workers (Gian-
freda et al. 1993; Mohanty and Padhan 1993; Tu 1993). 
Even the most hazardous pollutant, diesel oil, was found to 
have only a slight effect on the activity of acid and alkaline 
phosphatases (Wyszkowska 2002). However, some of the 
tested agrochemicals were said to have a positive co-rela-
tion with soil enzymes. Urease was induced by nematicides 
tetone II, telone C17, vorlex, vorlex CP, fenamiphos and 
fungicides propamocarb (Tu et al. 1995), benomyl and cap-
tan (Chen et al. 2001); Phosphatases were induced by mefe-
noxam, metalaxyl (Monkiedje and Spiteller 2002) and fono-
fos (Stepniewska et al. 2003); Proteases were induced by 
imazethapyr (Perucci 1994) and metsulfuron-methyl (Ismail 
et al. 1998). 

On the other hand, a decrease in enzymatic activity was 
also reported by many workers. Inhibition of urease and 
phosphatase was reported with 32 pesticides (Tu 1981), me-
tolachlor (Ismail et al. 1996), benomyl, copperoxychloride, 
mancozeb (Shukla and Mishra 1996), treflan 480 EC (Wys-
zkowska 2002), and protease, cellulase and xylanase by 
linuron (Hasan and AbdelSater 2000) and metasulphuron- 
methyl (Ismail et al. 2000). 

Use of fungicides is on the rise and their extensive and 
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indiscriminate use is a cause for concern as: (i) they may 
have a longer half-life, (ii) their residues are also toxic and 
(iii) a major part of fungicides reaches non-target organisms. 
In order to safeguard the environment, degradation of fungi-
cides and their residues is essential. Banerjee and Dey 
(1992) observed an initial decrease in the fungal population 
followed by an increase as a result of the degradation of 
fungicide. Degradation of agrochemicals may be possible 
by photolytic, chemical or biodegradation methods (Gowri-
sankar et al. 2002). Many physical, chemical and biological 
parameters like potency of hydrogen (Hance 1979; Blum-
horst and Weber 1994), soil properties (Seta and Karatha-
nasis 1997; Jenks et al. 1998), humic matter content (John-
son et al. 1998), moisture content (Topp et al. 1995; Bollag 
et al. 1996), and the presence of alternative nutrients (Mg, 
Mn, and P) (Javanjal and Deopurkar 1994) play an impor-
tant role on the fate of the pesticides in soil (Gowrisankar et 
al. 2002). The lower the half-life, the safer the fungicide. 
The fungicide pefurazoate is said to have a half-life of less 
than a week (Takenaka et al. 1991) and the fungicide die-
thofencarb a half-life of 0.3 to 6.2 days (Sakata et al. 1992). 

AmistarTM (Azoxystrobin 25% EC) and ScoreTM (dife-
noconazole 25% EC) are two broad spectrum, foliar, syste-
mic fungicides, yet to be released to farmers and planters in 
India by Syngenta India Limited, Mumbai. The objective of 
the present study was to investigate the effects of these fun-
gicides on soil microbial population, soil respiration and 
soil enzyme activities. Besides, degradation of the fungi-
cides at their recommended dose (2.2 μg (a.i.) g-1 soil) over 
a period of 96 hours was studied using HPLC. Experiments 
were carried out mostly at concentrations ranging from 
0.44-44 �g (a.i.) g-1 soil. 
 
MATERIALS AND METHODS 
 
This study was conducted in the Department of Botany, Bharathiar 
University, Coimbatore during 2001-2004. 
 
Fungicide treatment of soil 
 
Five hundred grams of garden soil samples (from Coimbatore) 
were mixed with the respective fungicide concentrations ranging 
from 0.44 to 44 (μg (a.i.). g-1 soil) of Azoxystrobin and Difeno-
conazole and filled separately in cotton cloth bags of 15 x 15 cm. 
The soil samples in bags were watered regularly in order to main-
tain the soil moisture content to field capacity with tap water. 
Three replicates were maintained for each treatment. Required 
amounts of soil samples were removed from the treatment bags 
periodically and used for various analyses. 
 
Effect of fungicides on total microbial population 
in soil 
 
A dilution plate method was employed for the enumeration of 
microbial population in the soil samples. The slimy, colourless and 
coloured bacterial colonies appeared in the nutrient agar medium 
after 24 h incubation. The fungal colonies appeared in the potato 
dextrose agar – rose bengal medium after 3 days incubation and 
small white chalky colonies of actinomycetes appeared in Kuster’s 
agar medium after 6 days incubation. Three replicates were main-
tained for each of the organisms studied. 
 
Procedure for dilution plate method 
 
Soil dilutions of 10-3 for fungi, 10-7 for bacteria and 10-6 for acti-
nomycetes were used for plating. One ml each from the soil dilu-
tions were pipetted into sterile Petri-dishes and about 20 ml of the 
respective molten, warm medium was poured into each Petri dish, 
rotated gently by hand so that the diluted sample was uniformly 
dispersed in the agar medium, labeled and incubated at room tem-
perature in an inverted position. All these procedures were carried 
out under aseptic conditions. Observations were made on the 4th 
day for fungi, the 7th day for actinomycetes and after 24 h for bac-
teria. The microbial populations per ml samples were calculated as 
follows: 

Colony forming units (CFU) ml-1 = Average number of colonies 
per plate X dilution factor 
 
Determination of soil dry matter 
 
Ten grams of moist soil was weighed into a porcelain dish (deter-
mine the tare) and the sample was dried to constant weight at 
105�C for at least 3 hours. The sample was allowed to cool for a 
few minutes and was re-weighed. 

 
 
 
 

 
Estimation of soil respiration 
 
Soil samples were incubated in closed vessels at 25�C. The CO2 
evolved was absorbed by potassium hydroxide and was quantified 
by titration following the method of Jaggi (1976). 
 
Enzyme assays 
 
The colorimetric assay of carboxymethyl cellulase activity was 
carried out according to the procedure of Schinner et al. (1990). 
CM-cellulase activity was expressed as μg of glucose equivalents 
(GE) g-1 dry matter and incubation time. The method developed by 
Schinner et al. (1990) was employed for estimating xylanase 
activity. Xylanase activity was expressed as μg of glucose equiva-
lents (GE) g -1 dry matter and incubation time. Using casein as 
substrate, protease activity was assayed following the method of 
Ladd (1978). Protease activity was expressed as μg tyrosine equi-
valents (tyr) per gram dry matter and incubation time. Assay of 
urease activity was according to the method of Kandeler and Ger-
ber (1988) and the urease activity was expressed as �g N per gram 
dry matter and incubation time. The method of Eivazi and Tatabai 
(1976) was used for assaying acid phosphatase activity. Acid phos-
phatase activity was expressed as μg p-nitrophenol (pNP) per 
gram dry matter and incubation time. 
 
Degradation of Azoxystrobin and Difenoconazole 
in soil 
 
Two soil samples one from Coimbatore (garden soil) and the other 
from a tea plantation, Valparai were collected from A1 horizon, en-
suring that they were not exposed to previous application of either 
Azoxystrobin or Difenoconazole. The physico-chemical and biolo-
gical properties of the soils are given in Table 1. These soils were 
sieved through 1 mm mesh and the recommended doses of Azoxy-
strobin and Difenoconazole per gram of soil were amended sepa-
rately and incubated at field moisture level. 

Fungicides were estimated in a HPLC (Hewlett Packard series 
1100, USA) using micro Bondapak C18 column. Stock solutions 
of Azoxystrobin and Difenoconazole containing 100 mg (a.i.) l -1 

were prepared from which working standards of 0.1, 1, 5 and 10 
mg (a.i.) l -1 were prepared using volumetric flasks for each fungi-
cide. 

Mobile phase A was prepared with methanol, acetic acid and 
water (1: 0.1: 8.9) and phase B with the same solvents but at a 
ratio of 8.9: 0.1:1. The flow rate was 1 ml min-1. The UV detector 
was set at 255 nm. 20 �l of each working standard was injected 
into the column. 

Soil (~1 g) from the fungicide-treated soil samples was placed 
in a centrifuge tube and was mixed with 9 ml water, shaken on an 

100
 weightsoil Initial
matterdry  Soil  (dm)matter dry cent Per ��

Table 1 Physico-chemical and biological properties of the soils. 
Parameter Coimbatore soil Valparai soil 
pH 7.2 4.35 
Moisture content 13.295% 19.53% 
Total nitrogen 0.37% 0.27% 
Available phosphorous 83.68 mg/kg 112.47 mg/kg 
Exchangeable potassium 114.99 mg/kg 141.50 mg/kg 
Bacterial CFU 15.8 x 10-6 CFU/g 12.5 x 10-6 CFU/g 
Fungal CFU 12.2 x 10-3 CFU/g 14 x 10-3 CFU/g 
Actinomycetes CFU 10.2 x 10-6 CFU/g 7.3 x 10-6 CFU/g 
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orbital shaker for 1 h, spun at 5000 rpm (1960 × g) for 5 min and 
the supernatant was filtered through a filter of 0.45 �m pore size. 
20 �l of the filtrate was injected into the column. Periodic samp-
lings of the soil at 24 h intervals were made for 4 days to deter-
mine the left over Azoxystrobin and Difenoconazole in the soil 
samples. Each sample was injected thrice. 
 
Statistical analysis 
 
All sets of measurements were repeated by conducting a separate 
set of measurements on a separately executed experiment. Since 
there was no statistical significance between the data of first and 
second experiments, the results of the first experiment alone is 
presented in this paper. 
 
RESULTS 
 
Effect on fungal, bacterial and actinomycete 
populations of soil 
 
The changes in the population of fungi, bacteria and actino-
mycetes in soils treated with different concentrations of 
Azoxystrobin and Difenoconazole are presented in Tables 2, 
3 and 4, respectively. Both the fungicides significantly re-

duced the fungal populations with increasing concentrations 
of their active ingredients in the treated soil (Table 2). The 
toxic effects of the fungicides were more pronounced im-
mediately after the period of application of the fungicides. 
With an increasing incubation period, the fungal population 
tended to revive. Among the two fungicides, Difenocona-
zole was more fungitoxic than Azoxystrobin. 

The bacterial (Table 3) and actinomycete (Table 4) 
populations of the soil were not adversely affected by Azo-
xystrobin and Difenoconazole. On the other hand, the popu-
lations tended to increase with an increase in the concentra-
tion of the fungicides tested. Though the bacterial and ac-
tinomycete populations in the fungicide treated soils were 
significantly higher than the untreated control, their popula-
tions tended to decrease slightly after 12 days of incubation. 
Among the two fungicides, Difenoconazole favoured bacte-
rial populations while the actinomycetes were favoured 
more by Azoxystrobin. 
 
Effect on soil respiration 
 
Table 5 shows soil respiration as influenced by the different 
concentrations of Azoxystrobin and Difenoconazole. In the 
Azoxystrobin-treated soil, respiration decreased signifi-
cantly with an increase in concentration of the active ingre-
dients on the 7th and 14th day after treatment. However, on 
the 21st day after fungicide treatment, respiration was simi-
lar to that of the untreated control soil. A similar trend was 
also observed in Difenoconazole-treated soil. 
 

Table 2 Effect of various concentrations of Azoxystrobin and Difeno-
conazole on the fungal populations (x103 CFU g-1 dry soil) of the treated 
soil. 

Days after treatment Conc. 
(μg.a.i.g-1 soil) 0 4 8 12 16 20 
Control 52 a 53 a 53 a 54 a 51 a 50 a 
Azoxystrobin 
0.44 16 b 18 b 20 b 21 b 22 b 24 b 
1.10 12 bc 13 bc 15 c 16 bc 16 bc 17 bc
1.46 10 c 11c 12 c 14 c 15 c 15 c 
2.20 - - - 5 d 6 d 7 d 
4.40 - - - 1 d 2 de 2 de
22.00 - - - - - - 
Difenoconazole 
0.44 9 c 10 c 11 c 12 c 12 c 13 c 
1.10 5 d 8 c 8 cd 10 c 11 c 11 c 
1.46 - 2 de 3 d 4 d 4 d 5 cd
2.20 - - - - - 1 e 
4.40 - - - - - - 
22.00 - - - - - - 

In a column, means followed by a common letter are not significantly different at 
the 5% level by DMRT. 
Comparison   S.E.D.   LSD (5%)   LSD (1%) 
Concentration vs days vs fungicide means 2.77     5.46        7.21 
 

Table 3 Effect of various concentrations of Azoxystrobin and Difenoco-
nazole on the bacterial populations (x106 CFU g-1 dry soil) of the treated 
soil. 

Days after treatment Conc. 
(μg.a.i.g-1 soil) 0 4 8 12 16 20 
Control 25 cd 26 d 22 e 26 c 29 ab 29 a 
Azoxystrobin 
0.44 25 cd 28 cd 29 d 29 bc 29 ab 28 a 
1.10 26 cd 28 cd 30 cd 29 bc 28 a 28 a 
1.46 27 c 30 c 33 c 30 bc 28 a 29 a 
2.20 29 c 32 c 32 c 31 b 28 a 27 a 
4.40 29 c 29 c 30 cd 31 b 27 a 28 a 
22.00 30 c 30 c 30 cd 28 b 26 a 29 a 
Difenoconazole 
0.44 30 c 31 c 32 c 28 b 29 ab 29 a 
1.10 30 c 33 c 36 bc 28 b 29 ab 29 a 
1.46 32 bc 35 c 39 b 32 b 29 ab 29 a 
2.20 38 b 40 b 42 b 39 a 29 ab 28 a 
4.40 39 ab 44 b 50 a 44 a 32 a 28 a 
22.00 44 a 49 a 52 a 45 a 33 a 29 a 

In a column, means followed by a common letter are not significantly different at 
the 5% level by DMRT. 
Comparison   S.E.D.   LSD (5%)   LSD (1%) 
Concentration vs days vs fungicide means  3.363    6.639       8.761 

Table 4 Effect of various concentrations of Azoxystrobin and Difenoco-
nazole on the actinomycete populations (x105 CFU g-1 dry soil) of the 
treated soil. 

Days after treatment Conc. 
(μg.a.i.g-1 soil) 0 4 8 12 16 20 
Control 39 ab 35 bc 39 de 40 c 40 b 40 a 
Azoxystrobin 
0.44 35 b 36 bc 40 c 40 c 40 b 40 a 
1.10 37 b 38 bc 42 cd 42 c 40 b 40 a 
1.46 39 ab 40 b 44 cd 43 c 42 ab 40 a 
2.20 41 a 42 b 49 bc 46 bc 41 ab 39 a 
4.40 42 a 49 a 55 ab 52 ab 49 a 39 a 
22.00 44 a 46 a 62 a 55 a 42 ab 38 a 
Difenoconazole 
0.44 39 ab 40 b 40 cd 40 b 40 b 40 a 
1.10 39 ab 40 b 41 cd 40 b 38 bc 39 a 
1.46 41 a 43 ab 43 cd 42 ab 40 b 40 a 
2.20 42 a 42 ab 48 bc 42 ab 41 b 39 a 
4.40 43 a 45 a 49 bc 47 ab 43 ab 39 a 
22.00 45 a 48 a 51 b 49 a 46 ab 40 a 

In a column, means followed by a common letter are not significantly different at 
the 5% level by DMRT. 
Comparison   S.E.D.   LSD (5%)   LSD (1%) 
Concentration vs days vs fungicide means  4.098   8.089    � 10.674 

 

Table 5 Effect of Azoxystrobin and Difenoconazole on soil respiration 
(mg CO2.g-1 dm.24 h-1). 

Days after treatment 
Azoxystrobin Difenoconazole 

Concentration 
(μg.(a.i.)g-1 
soil) 7 14 21 7 14 21 
Control 2.102 a 2.102 a 2.102 a 2.102 d 2.102 c 2.102 a
0.44 1.887 b 2.098 a 2.086 a 4.349 b 2.281 b 2.102 a
1.10 1.305 c 1.826 b 2.086 ab 7.152 a 2.385 a 2.102 a
1.40 1.202 d 1.826 c 2.086 ab 3.216 c 2.136 c 2.102 a
2.20 1.190 d 1.489 c 2.067 ab 1.638 e 1.891 d 2.102 a
4.40 1.142 d 1.535 b 2.048 ab 1.332 f 1.687 e 2.102 a
22.00 1.045 e 1.389 d 2.010 b 0.482 g 1.585 f 2.102 a
44.00 0.827 f 1.229 e 2.010 b 0.244 h 1.576 f 2.102 a

In a column, means followed by a common letter are not significantly different at 
the 5% level by DMRT. 
Comparison   S.E.D.   LSD (5%)   LSD (1%) 
Concentration vs days of incubation       0.0378   0.0750      0.0632 
vs fungicide means
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Effect on soil enzyme activity 
 
Changes in the activities of the soil enzymes cellulase, xyla-
nase, protease, urease and acid phosphatase as influenced 
by different concentrations of the fungicides Azoxystrobin 
and Difenoconazole are given in Tables 6, 7, 8, 9 and 10, 
respectively. 

The activity of cellulase increased progressively with an 
increase in Azoxystrobin concentration up to 44 μg (a.i.) g-1 
soil. A similar trend was observed on the 14th day of incuba-
tion, but cellulase activity was lower than equivalent values 
at 7 days incubation. The difference in the cellulase activity 
in the treated soils on 21st and 28th day, however, was not 
statistically significant when compared with that of control 
soil. Treatment with difenoconazole also enhanced cellulase 
activity, but the increases were noted only up to 2.20 μg 
(a.i.) g-1 soil and were less pronounced. Upon prolonged in-
cubation, the enzyme activity reached the same level as 
controls. 

Xylanase and protease activities were also enhanced by 
increase in the concentration of Azoxystrobin and 
Difenoconazole on the 7th day after treatment. Azoxystrobin 
treatment resulted in highest activity of xylanase while 
Difenoconazole enhanced protease activity. Activities of 
both these enzymes were at approximately the same level as 
the untreated control on the 14th day of incubation. 

Urease activity generally decreased with an increase in 
concentration of both Azoxystrobin and Difenoconazole on 
the 7th day of treatment. However, at its lowest 
concentration (0.44 μg (a.i.) g-1 soil), Azoxystrobin 
enhanced the activity of urease. On 14th day of incubation, 
the urease activity was more or less equal to that of control 
soil. The acid phosphatase activity also attenuated with 
increasing concentrations of Azoxystrobin and 
Difenoconazole on the 7th and 14th day of incubation. 
Difenoconazole, however, enhanced the enzyme activity at 
its lower concentrations (0.44-1.46 μg (a.i.) g-1 soil) as 
observed on 7th and 14th days of incubation. On the 21st day 
of incubation, the enzyme activity in treatment soils was 
more or less equal to that of control soil. 
 
Degradation of fungicides in soil 
 
The retention time for Azoxystrobin and Difenoconazole 
were 19.4 min and 16.1 min, respectively. The left over 
fungicides in the soil at the end of different incubation 
periods was quantified from the peak area from which the 
per cent degradation was arrived at. 

Table 11 shows the percentage degradation of the 
systemic fungicides Azoxystrobin and Difenoconazole in 
two different soils over a period of time. Azoxystrobin was 
degraded by 95% in a period of 96 hours in the slightly 
alkaline Coimbatore soil whereas in acidic Valparai soil, the 
degradation was only 70% during this period. 
Difenoconazole, however, was almost completely degraded 
in both Coimbatore (95%) and Valparai (97%) soils after 96 
hours. 
 

Table 6 Cellulase activity (�g GE.g-1 dm.24h-1) in Azoxystrobin- and Difenoconazole-treated soils. 
Days after treatment 

Azoxystrobin Difenoconazole 
Concentration  
(μg.a.i.g-1 soil) 

7 14 21 28 7 14 21 28 
Control 324.859 f 324.859 e 324.859 e 324.859 a 324.859 f 324.859 d 324.859 a 324.859 a 
0.44 383.061 e 326.544 de 326.084 d 324.859 a 347.254 e 326.482 cd 324.859 a 324.859 a 
1.10 396.539 d 329.760 d 327.310 d 324.859 a 396.539 c 327.922 c 324.859 a 324.859 a 
1.46 505.132 d 332.364 c 331.598 c 324.859 a 397.918 b 332.057 b 324.859 a 324.859 a 
2.20 530.474 a 386.737 b 345.077 b 325.499 a 408.349 a 385.165 a 324.859 a 324.859 a 
4.40 589.525 b 432.839 a 383.061 a 325.679 a 376.950 d 327.616 c 325.165 a 324.859 a 
22.00 413.387 c 327.157 f 325.625 e 324.866 a 79.951 g 317.967 e 321.183 b 324.859 a 
44.00 146.883 g 306.326 g 324.706 e 324.706 a 43.804 h 271.099 f 307.245 c 324.859 a 

In a column, means followed by a common letter are not significantly different at the 5% level by DMRT. 
Comparison                   S.E.D.   LSD (5%)   LSD (1%) 
Concentration vs Days of incubation vs Fungicide means     0.864    1.709       2.259 

Table 7 Xylanase activity (�g GE.g-1 dm.24 h-1) in Azoxystrobin- and 
Difenoconazole-treated soils. 

Days after treatment 
Azoxystrobin Difenoconazole 

Concentration
(μg.a.i.g-1 soil) 

7 14 7 14 
Control 8.270 h 8.270 b 8.270 h 8.270 a 
0.44 52.994 g 8.576 ab 12.865 g 8.270 a 
1.10 60.499 f 8.729 ab 15.049 f 8.270 a 
1.46 62.950 e 8.730 ab 20.064 e 8.270 a 
2.20 65.247 d 8.730 ab 28.181 d 8.117 a 
4.40 140.144 b 8.883 ab 81.520 b 8.117 a 
22.00 257.314 a 8.883 ab 171.389 a 8.270 a 
44.00 135.089 c 9.189 a 76.581 c 8.270 a 

In a column, means followed by a common letter are not significantly different at 
the 5% level by DMRT. 
Comparison                 S.E.D.   LSD (5%)   LSD (1%)
Conc. vs Days of inc. vs Fungicide means   0.337    0.673       0.894 
 

Table 8 Protease activity (μg tyr.g-1 dm) in Azoxystrobin- and Difenocona-
zole-treated soils. 

Days after treatment 
Azoxystrobin Difenoconazole 

Concentration 
(μg.a.i.g-1 soil) 

7 14 7 14 
Control 26.915 e 28.248 a 28.248 f 28.248 a 
0.44 109.220 d 28.248 a 170.838 e 28.248 a 
1.10 217.585 e 28.248 a 315.143 c 28.248 a 
1.46 218.258 c 28.248 a 435.425 b 28.248 a 
2.20 223.122 c 28.248 a 451.376 b 28.248 a 
4.40 274.268 c 28.248 a 672.565 a 28.248 a 
22.00 511.829 a 28.248 a 362.452 c 28.248 a 
44.00 445.020 b 28.248 a 241.102 c 28.248 a 

In a column, means followed by a common letter are not significantly different at 
the 5% level by DMRT. 
Comparison                 S.E.D.   LSD (5%)   LSD (1%)
Concentration vs Days of incubation         1.802    3.600      4.784 
vs Fungicide means 
 

Table 9 Urease activity (�g N.g-1 dm.24 h-1) in Azoxystrobin- and Difeno-
conazole-treated soils. 

Days after treatment 
Azoxystrobin Difenoconazole 

Concentration
(μg.a.i.g-1 soil) 

7 14 7 14 
Control 210.078 b 210.078 d 210.078 a 210.078 a 
0.44 229.744 a 212.008 a 186.736 b 209.894 a 
1.10 178.741 c 211.089 bc 178.833 c 209.435 b 
1.46 177.822 d 210.997 b 175.892 d 206.219 c 
2.20 165.355 e 210.997 bc 144.555 e 204.289 d 
4.40 143.820 f 210.813 b 115.240 f 195.467 e 
22.00 34.277 g 210.629 b 23.985 g 195.466 e 
44.00 30.418 h 210.078 d 6.616 h 195.375 e 

In a column, means followed by a common letter are not significantly different 
 at the 5% level by DMRT. 
Comparison                S.E.D.   LSD (5%)   LSD (1%)
Concentration vs Days of incubation         0.127    0.254       0.338 
vs Fungicide means   
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DISCUSSION 
 
Determination of microbially mediated reactions is limited 
because present assays for determining the overall rate of 
entire metabolic processes (such as respiration) or specific 
enzyme activities (such as urease, protease and phospho-
monoesterase activity) do not allow any identification of the 
microbial species directly involved in the measured pro-
cesses (Nannipieri et al. 2003). However, the only accurate 
way to determine the combined metabolism of mixed popu-
lations of microorganisms is by measuring soil respiration 
(Parkin et al. 1996) and/or enzyme activities (He et al. 
2001). Singh et al. (2002) found that the soil microbial 
parameters (enzyme activities and total microbial biomass) 
were stable in the pesticide-free control soils throughout the 
90-d incubation period, but they were all adversely affected 
by the presence of chlorothalonil in the soil. The effects 
from fenamiphos or chlorpyrifos on the soil microbial cha-
racteristics were either very small or insignificant (Singh et 
al. 2002). 

In the present investigation, data on the population den-
sity of microorganisms in soils treated with Azoxystrobin 
and Difenoconazole indicate a significant reduction in fungi 
even at the lowest concentration used (0.44 μg (a.i.) g-1 soil). 
At the recommended dose (2.2 μg (a.i.) g-1 soil) and above, 
the fungal population was totally eliminated. The outcome 
is expected as both the chemicals are broad-spectrum fungi-
cides. On the other hand, the populations of bacteria and 
actinomycetes in the treated soil tended to increase with an 
increase in concentration of the fungicides. This can be 
attributed to the elimination of fungal competitors for nutri-
tion in the treated soils or increased substrate in the form of 
dead hyphae (Ingham and Coleman 1984). The increase in 
the population of bacterial and actinomycete components of 
the soil may also be due to their ability to degrade the orga-
nic fungicides Azoxystrobin and Difenoconazole for nutri-
tion, which is supported by the faster disappearance of the 
applied fungicides from the soil (Table 11). The present 
study also recorded the tendency of fungal populations to 
recover over a period of time. In a similar study with the 
soils amended with fungicides captan, thiram and verdasan, 
Anderson et al. (1981) recorded the restoration of fungal to 

bacterial balance within 8 days of incubation. 
A dose-dependant and significant inhibition of soil res-

piration by treatment with increasing concentrations of Azo-
xystrobin and Difenoconazole was noticed (Table 5). The 
decrease in respiration may be related to a marked reduction 
in the population of fungi, an important component of soil 
microflora. However, the sharp increase in the rate of respi-
ration at lower concentrations of Difenoconazole treatment 
is perplexing. The increased CO2 liberation may be due to 
the oxidative degradation of Difenoconazole by microorga-
nisms. The immediate depression in the respiratory activity 
of the fungicide treated soils tended to recover with an in-
crease in incubation period. This means that, the deleterious 
effects of the added fungicides gradually disappeared, pos-
sibly because of the degradation of the toxic substances 
(Table 11). 

The enzyme activity in the soil might be a direct 
reflection of microbial activity. Furthermore the activities of 
cellulase, xylanase, protease, urease and acid phosphatase 
release easily utilizable carbon, nitrogen and phosphorous 
sources for microbial growth. Hence, their assay in soil may 
serve as a useful pointer in the assessment of soil health. 
Experiments on the influence of fungicides on soil enzy-
matic activity are very limited (Gowrisankar et al. 2002). In 
the present study, the activities of cellulase, xylanase and 
protease increased significantly with an increase in Azoxy-
strobin and Difenoconazole concentrations (Tables 6-8). As 
the fungal populations were inhibited at higher doses of 
fungicides, the other probable microbial source of these en-
zymes might be bacteria and actinomycetes, whose popula-
tions improved with an increase in Azoxystrobin and Dife-
noconazole concentrations (Tables 3-4). Reduction in the 
activities of enzymes such as urease, xylanase and protease 
following fungicide (metachlor and metasulfuron-methyl) 
treatment in the soil is also known (Ismail et al. 1996, 1998, 
2000). 

A significant decrease in the activity of urease and acid 
phosphatase with an increase in Azoxystrobin and Difeno-
conazole concentrations applied to soils (Tables 9, 10) are 
in line with the observations made by other workers (Shukla 
and Mishra 1996; Nowak et al. 2000; Wyszkowska 2002; 
He et al. 2003). The decreased activities of these enzymes 
were concomitant with a decrease in fungal population and 
an increase in bacterial and actinomycete populations as a 
consequence of fungicide treatment. As such, the predomi-
nant contribution of the fungal population to the urease and 
phosphatase enzyme pool in soil is obvious. Direct inhibi-
tion of their activities by fungicides is another possibility. 

Pesticides or their left over residues in the soil can be 
detected using three different methods. The first method in-
volves the use of gas chromatography (GC) (Slade and Ful-
lerton 1992). The second method of analysis employs Li-
quid Scintillation (LSC) Spectrometry (Saxena et al. 1987; 
Sakata et al. 1992). The third and the most recent one use 
High Performance Liquid Chromatography (HPLC) (Hod-
geson et al. 1992). Mitchell and Cain (1999) found that en-
hanced degradation of the dicarboximide fungicides, iprodi-
one and vinclozolin, was stimulated by only one application 
of the fungicides in a soil with no previous history of any 
pesticide input and concluded that agent(s) of enhanced 
degradation was probably bacterial. In the present investi-
gation, the faster degradation of Azoxystrobin and Difeno-
conazole within a week as revealed by the HPLC studies, 
qualify them to be environmentally friendly. 
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