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A b s t r a c t. The main objective of the studies was to
determine the changes of microbiological activity and content of
the labile fraction of organic matter (POM) in soils under reduced
tillage and no-tillage systems, as compared to the conventional
tillage. At a private farm in Rogów the content of microbial
biomass C was about 13 and 8% higher in soil under no-tillage and
reduced tillage, respectively, than in soil managed in the conventional manner. Similar trends in microbial biomass C content were
noticed in the soil sampled from the fields in ¯elis³awki. Microbial
respiration, measured under laboratory conditions as the intensity
of CO2 evolution, was higher in soils under no-tillage than under
conventional tillage in Rogów and ¯elis³awki, at up to 30 and 22%
(on average), respectively. The highest values of the activity of
dehydrogenases were obtained also in soils under no-tillage system
at both experimental sites. The microbial quotient (microbial
biomass C/Corg ratio) showed the highest values in no-tillage soils,
but the metabolic quotient qCO2 in conventionally managed soils at
both experimental sites. The increase of POM fraction expressed as
a percentage of total OM was higher by about 34% in Rogów soil
under no-tillage, as compared to the soil under conventional tillage.
Also, in ¯elis³awki, a higher increase of POM in total organic
matter content was observed in soil under conservation tillage
systems (reduced and no-tillage) than under conventional tillage,
by about 10-15%.
K e y w o r d s: tillage, microbial biomass C, soil dehydrogenase
activity, particulate organic matter

INTRODUCTION

Simplifications in soil management are applied on a wide
scale, especially in USA and in many countries of Western
Europe. A simplified management protects soil against the
negative effects caused by conventional treatment, such as
high rate of organic matter decomposition, intensive evolution of carbon dioxide, low stability of soil aggregates,
nutrients leaching and runoff. Preliminary analyses of
Polish soil-climatic conditions, potential risk of soil erosion
and customarily applied crop rotation systems showed an increased interest in simplified management systems in
Poland lately. The ability to estimate organic matter fractions
quantitatively in both conventional and simplified soil management practices is especially important for understanding soil organic matter dynamics. The microbial biomass C
is one of the most important indicators of ongoing changes in
soil organic matter. Published results show that microbial
biomass C comprises 1-5% of total Corg (Anderson and
Domsh, 1989; Gajda, 2008; Gajda and Martyniuk, 2005;
Sparling, 1992). Soil quality does not depend just on the
physical and chemical properties of the soil, but it is very
closely related to its biological properties as well. The
estimations of CO2 evolution indicated that about 95% of
total CO2 evolved from soil was of microbial origin, which
confirmed an extremely important role of microorganisms
in soil metabolism (Masto et al., 2006). Considering the
above findings, numerous authors who discuss problems of
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activity) as indicators of soil quality and productivity. It has
also been observed that the labile fraction of soil organic
matter showed high sensitivity to changes in soil environment caused by the management system applied (Cambardella and Elliott, 1992; Lal, 2002; Liebig et al., 2004;
Marriott and Wander, 2006; Wander and Yang, 2000). For
example, particulate organic matter represents a pool of
organic materials that is intermediate in the decay continuum between organic residues and well-decomposed humic
substances. Published data indicate that POM is a very dynamic fraction of organic matter and an important source of C
in soil (Cambardella and Elliott, 1992; Cambardella et al.,
2001; Denef et al., 2007; Gajda et al., 2001; Galantini and
Rosell, 2006), therefore, during the last decade the idea of
using labile fraction of organic matter (POM) as an indicator
of soil quality was accepted by many researchers in USA and
around the world.
The aim of the investigations was to determine the effect
of reduced tillage and no-tillage systems on changes of chosen parameters of biological activity and particulate organic
matter content in two different soils, in comparison to the
changes resulting from conventional tillage use.
MATERIALS AND METHODS

The studies were based on field experiments conducted
in the years 2003-2007. The experimental fields were located
in two regions of Poland differing in soil and climatic conditions: at a private farm in Rogów (Zamoœæ region, E Poland)
and an experimental station in ¯elis³awki (Gdañsk region, N
Poland). The private farm in Rogów is located on a silt soil
(>40% silt and clay fraction) and the experimental station in
¯elis³awki on a silty loam soil (>30% of silt and clay fraction).
Some properties of the soils are presented in Table 1. Crops
in this experiment were grown in different soil tillage
systems – conventional tillage (CT), reduced tillage (RT)
and no-tillage (NT) on non-replicated experimental fields of
about 1 ha each. In the applied crop rotation system the
following plants were grown: in Rogów – winter wheat,
peas, and winter wheat with intercrop; in ¯elis³awki – spring
barley, winter wheat, and sugar beet. Soil samples were

taken in a random manner twice a year from the in-row planting area at a depth of 0-15 and 15-30 cm across each trial.
The internal diameter of the probe tip was 29 mm. A representative sample of soil taken from the experimental fields
weighed about 2000 g for each depth. Immediately following field sampling, samples were placed in double plastic
bags and stored at 4°C for analyses completed within two
weeks. Soil samples from each site and depth were first
weighed, then thoroughly mixed, and 13 to 15 g subsamples
were dried at 105°C for 24 h to determine soil water content.
Composite soil samples were sieved through a 2 mm mesh
sieve in field moist condition before using them for biologically sensitive analyses. The fresh homogenized soil samples were analyzed as follows:
– microbial biomass C content using fumigation-incubation
(F-I) method originally described by Jenkinson and Powlson
(1976a, b) with modifications of Gajda and Martyniuk
(2005b). Microbial biomass C was calculated from the
difference between CO2 evolved from fumigated soil in
a vacuum desiccator for 18-24 h at 25°C in vapours of
ethanol-free chloroform and unfumigated soil in 0-10 days
of incubation, and divided by conversion factor Kc = 0.45
(fraction of biomass C mineralized to CO2);
– rate of CO2 evolution from soil was measured using the
titration method only in control soil samples which were
treated the same way as samples for microbial biomass C
content, except for the fumigation procedure, and calculated from cumulative CO2-C evolved from control soil in
10 days of incubation;
– activity of dehydrogenases according to the Casida et al.
(1964) method.
All analyses of chosen parameters of soil microbiological activity were performed in three replicates for each representative soil sample.
For better characterization of the soil environment, two
ecophysiological parameters – the microbial quotient (the
microbial biomass C-to-Corg ratio) and the metabolic
quotient (qCO2) (the basic respiration to microbial biomass
C ratio) were calculated as well. For Corg, total N and POM
analyses air dried soil was used. Carbon and nitrogen

T a b l e 1. Some physical and chemical properties of soils under conventional (CT), reduced (RT) and no-tillage (NT)
management systems
Granulometric composition
(%, dia in mm)

Site
1.0-0.1

Rogów

¯elis³awki

4

36

0.1-0.02

54

35

Tillage

pHH 2 O

EC
(dS m-1)

Corg

Ntotal

C:N

CT

6.2

1.16

0.88

0.06

14.7

RT

6.7

1.42

0.90

0.06

14.9

NT

6.8

1.19

0.81

0.06

13.5

CT

6.2

1.28

1.05

0.07

15.0

RT

6.4

0.89

0.81

0.06

13.5

NT

6.5

1.23

0.74

0.06

12.3

<0.02

42
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concentrations were determined once a year using the
Dumas method – FP-528-LECO. The quantity of POM was
measured using the Cambardella et al. (2001) modified
method in which POM was estimated according to the
loss-on-ignition (LOI) procedure as detailed by Schulte and
Hopkins (1996). The modified method for POM estimation
was published by Gajda et al. (2001).
Data were statistically analysed using the ANOVA method. Differences at P<0.05 were considered as significant.
RESULTS AND DISCUSSION

The measurement of microbial biomass C is used to
evaluate soil quality (Gil-Sotres et al., 2005; Spedding et al.,
2004). During the five-year study the highest measurements
of microbial biomass C were obtained in soil under NT taken
from Rogów. As compared to soils managed conventionally, the measured contents of microbial biomass C in soils
under NT and RT were higher by about 13 and 8%, respectively. A significant increase of microbial biomass C pool
(about 2-fold) was noticed in NT soil in Rogów in 2007 as
compared to microbial biomass C measurements obtained in
2003 (Fig. 1A). Similar trends in microbial biomass C content were also observed in soil taken from the experimental
fields in ¯elis³awki. The highest content of microbial biomass C was measured in soil under NT system. As compared
to the RT and CT soil, the microbial biomass C content in NT
soil was higher by about 11 and 21%, respectively. Also, a significant increase of microbial biomass C pool (about 2-fold)
was noticed in ¯elis³awki in NT soil in 2007, as compared
to the quantity of microbial biomass C estimated in 2003

(Fig. 1B). The higher measurements of microbial biomass C
content in soils under conservation tillage systems demonstrate that less soil disturbance favoured larger microbial
populations and activities in comparison to conventional
soil disturbed by repeated tilling. Similar results were reported by Calderon et al. (2002), Doran et al. (1998) and
Flieâbach and Mäder (2000). Liebig et al. (2004), Lalande et
al. (2005) and Marinari et al. (2006) observed that lower
microbial biomass C content in soils under conventional tillage was often due to reduced Corg in those soils.
Soil microbial biomass, the living and most dynamic
component of soil organic matter, may also indicate potential biological activity of soil (Doran and Parkin, 1996). For
example, this activity is reflected by soil respiration measured in this study by CO2 evolution. As it was indicated by
eg Doran and Parkin (1996) and Masto et al. (2006), soil
respiration gives an estimate of microbial decomposition
activities and the carbon cycling in the soil. In this study,
considerable differences in CO2 concentrations were found
among the studied management systems. Similarly to microbial biomass C contents, in all experimental years the highest
rate of soil respiration was detected in the NT soil taken from
Rogów (Fig. 2). The amounts of CO2 evolved from Rogów
NT soil averaged 30 and 18% higher as compared to CT and
RT soil, respectively (Fig. 2A). Also, in ¯elis³awki the
amounts of CO2 evolved from NT soil were significantly
higher, by about 22 and 8% on average, as compared to CT
and RT, respectively (Fig. 2B). Differences between
management systems in soil expressed by microbial
biomass C contents and CO2 evolution were statistically
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B
B
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Fig. 1. Comparison of microbial biomass C content in Rogów (A) and ¯elis³awki (B) soils under conventional (CT), reduced (RT)
and no-tillage (NT) management systems in 2003-2007; a, b, c – values marked with different letters are statistically significant
at P>95.0%, LSD – the lowest statistical difference.
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Fig. 2. Comparison of the rate of CO2 evolution from Rogów (A) and ¯elis³awki (B) soils. Explanations as in Fig. 1.
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Fig. 3. Comparison of the activity of dehydrogenase system in Rogów (A) and ¯elis³awki (B) soils. Explanations as in Fig. 1.

significant at 95% confidence level (P ³ 95.0) (Figs 1 and 2).
These results are consistent with observations reported by
Balota et al. (2003), Calderon et al. (2000), Doran et al.
(1998), and Flieâbach and Mäder (2000) who suggest that
the lack of major disturbance in soil, such as tilling, provides
a steady source of Corg which supports higher microbial
populations and its activity.
Changes in biological activity and fertility of soil in response to various soil management practices can also be
determined using the activity of soil enzymes eg the activity
of the dehydrogenase system (Doran and Parkin, 1996;
Martyniuk et al., 2001; Gajda and Martyniuk, 2005; Gajda,
2008). In our studies, the effect of applied soil tillage system

on the activity of dehydrogenases in soil was quite noticeable, regardless of the season and climatic conditions (Fig. 3).
At the private farm in Rogów, the activity of the dehydrogenase system was higher in NT soil by about 1.3 times, on
average, as compared to the CT soil (Fig. 3a). Similar trends
in the activity of dehydrogenases were observed in soil
sampled on the experimental fields in ¯elis³awki. In comparison to the CT soil, the measurements of the activity of
dehydrogenases in NT soil were higher by about 1.3 times,
also (Fig. 3B). Statistical analyses confirmed that the applied management systems differentiated the activity of dehydrogenases in soil significantly at the 95% confidence level (P³95.0) (Fig. 3). Previous research has shown that soil
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microbial biomass and enzyme activity respond more quickly
to management practices than the soil chemical properties
do (eg organic matter) thus should be considered as sensitive
indicators of soil quality (Bergstrom et al., 1998; Beyer et
al., 1999; Marinari et al., 2006).
The effect of soil depth on the studied parameters of
biological activity was also observed. In general, the activity
of the dehydrogenase system and microbial biomass C
content differed most significantly (up to 60 and 50% on
average, respectively) in the surface (0-15 cm) and subsurface (15-30 cm) layers of soils under applied tillage systems at both experimental sites (Fig. 4). Probably, the results reflected a lower number of microorganisms and associated activity in the subsurface layers than in the surface
layers of both studied soils. Similar results were published
by Angers et al. (1999) and Gajda (2008).
The microbial quotient (proportion of total soil Corg
present as microbial biomass C) can be an indicator of the
changes undergone by the organic matter of the soil (Masto
et al., 2006). In this field trial the ratio of microbial biomass
C/total Corg was higher in soil under NT system (5.75 and
5.16 at Rogów and ¯elis³awki, respectively) than in soil
under CT (4.43 and 2.86, at Rogów and ¯elis³awki, respectively). The larger pool of microbial biomass C in NT soil
indicates that no-tillage system creates more beneficial conditions in soil environment for the development (proliferation) and activity of soil microorganisms (Table 2). Similar
results were published by Böhme et al. (2005), Dilly (2005)
and Gajda (2008). Sparling (1992) suggests that a higher
ratio of microbial biomass C/total Corg indicates also that
more active organic matter is present and that soil OM is
more susceptible to changes.
The metabolic quotient (qCO2) (basic respiration
divided by microbial biomass C) has been proposed over the
past decades as an indicator of ecosystem disturbance and
development (Dilly, 2006; Böhme et al., 2005). Also, it serves as an indicator of the physiological status of soil microorganisms. Differences in qCO2 are often discussed as a reaction to stress or different community structure. In our studies, in 2007 the qCO2 reached lower values under conservation tillage systems at both experimental sites (RT – 0.48
and NT – 0.46 at Rogów, and RT – 0,52 and NT - 0.50 at
¯elis³awki) as compared to CT in Rogów and ¯elis³awki
soils – 0.60 and 0.61, respectively (Table 2). Previous studies of Böhme et al. (2005) have also suggested that values
of qCO2 are greater in disturbed conditions. It indicates that
the repeated tillage was the most regularly disturbed treatment and no-tillage treatment was the least disturbed, especially as the experiment progressed. Similar results have
also been published by Wardle et al. (1999), Marinari et al.
(2006) and Gajda (2008).
During the five-year research the obtained results of
studied parameters of biological activity were more variable
for soils under CT system as compared to soils under NT and
RT tillage systems at both experimental sites.
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Applied management system significantly affects the
content of POM fraction (diameter of POM aggregates
0.053-0.5 mm) in soil (Denef et al., 2007; Flieâbach and
Mäder, 2000; Liebig et al., 2004; Tan et al., 2007). In this
study, at both experimental sites (Rogów and ¯elis³awki)
significantly higher contents of POM were obtained in soils
under conservation tillage systems (RT and NT) than in CT,
by about 26% on average (Fig. 5). Besides, the conducted observations indicated a significant decrease of POM fraction
in conventionally tilled soil. The concentrations of POM
measured in 2007 in CT soils in Rogów and ¯elis³awki decreased markedly as compared to POM concentrations measured in 2003, by about 2 and 7%, respectively. Although, in
both soils under RT and NT system, where large amounts of
rich plant residues are incorporated every year into the soil,
the increase of quantity of POM ranged from 16 to 27%
higher in 2007, respectively, as compared to the data obtained in 2003 (Fig. 6). In the presented research the amount
of crop residues, particularly those of roots, remaining in the
soils after the harvests were not measured. However, based
on relatively similar crop yields harvested on these soils eg
5.4-8.5 t ha-1 (on average) of winter wheat grain in 20032007, it could be assumed that the soils received comparable
amounts of organic residues each year.
Also, several authors reported rapid depletion of the
labile fraction of OM in soil as a result of cultivation practices, and rapid increase when soil was not disturbed by tilling
(Marriott and Wander, 2006; Sleutel et al., 2006; Wander
and Yang, 2000).
Moreover, it is interesting to point out that the increase
of POM fraction, expressed as the percentage of total soil
OM, was the highest in NT soil in Rogów, in 2007, and
averaged about 34% higher than the measurement made in
2003. Also, in ¯elis³awki in 2007 the observed increase of
POM fraction in total OM was higher in RT and NT soils
than in CT soil by about 10-15%, on average, as compared to
the measurements made in 2003 (Fig. 7). Statistical analyses
showed significant differences between the effect of the
applied tillage system on the content of POM fraction in
studied soils at the 95% confidence level (P³95.0). Albrecht
et al. (2000) and Tan et al. (2007) have also observed a
significant increase of the percentage of POM fraction in the
total OM contained in RT soil.
An effect of soil depth on the quantity of POM fraction
was also observed. The measured contents of POM in the 0-15
cm layer were greater by about 15-30% than in subsurface soil
- 15-30 cm layer, especially in the NT and RT soil (Fig. 8). The
measurements of POM distribution within the arable layer
(0-30 cm) made for Rogów soil showed that the POM content
was even higher in the deeper layers (below 15 cm depth) than
in the surface layer in soil under CT (by 15% on average) as an
effect of the plough use. In the soil under RT a significant
decrease of POM content simultaneously with soil depth
increase was observed (Fig. 9). Similar results were obtained
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Fig. 4. Effect of soil depth (0-15 and 15-30 cm) on microbial biomass C content and dehydrogenase activity in Rogów (A, C) and
¯elis³awki (B, D) soils. Explanations as in Fig. 1.
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Fig. 5. Comparison of the quantity of POM in Rogów (A) and ¯elis³awki (B) soils. Explanations as in Fig. 1.
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T a b l e 2. Microbiological characteristics of soils under conventional (CT), reduced (RT) and no-tillage (NT) management systems
2003

Site

2005

CT

RT

NT

2007
CT

RT

NT

Microbial biomass C (MBC) (mg C-CO2 g-1 d.m. soil)
Rogów

253

276

285

390

418

466

¯elis³awki

190

183

213

300

341

382

Microbial quotient MBC soil Corg (%)
Rogów

2.86

3.07

3.52

4.43

4.64

5.75

¯elis³awki

1.81

2.26

2.88

2.86

4.21

5.16

Metabolic quotient C resp. MBC (q CO2) (mg C-CO2 mg-1 MBC)
Rogów

0.65

0.70

0.60

0.60

0.48

0.46

¯elis³awki

0.80

0.80

0.70

0.61

0.52

0.50

40

20

30

POM (% OM)

25

POM (%)

15
10
5

20
10
0

0

-10

Rogow

Zelislawki

2003

-5

2007

2003

Rogow

-10

Fig. 6. Increase and/or decrease of POM quantity in soils estimated
in 2007 in relation to 2003. Explanations as in Fig. 1.

2007

Zelislawki

Fig. 7. Increase of POM expressed as % of total OM content in soils
under reduced tillage RT and no-tillage NT systems in relation to
soils under conventional tillage CT system in 2003 and 2007.
Explanations as in Fig. 1.
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Fig. 8. Effect of soil depth (0-15 and 15-30 cm) on POM content in Rogów (A) and ¯elis³awki (B) soils. Explanations as in Fig. 1.
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15-20

20-25

25-30

Depth (cm)

Fig. 9. Distribution of POM fraction in 0-30 cm layer of Rogów soil
under winter wheat in conventional CT and reduced RT tillage
system. Explanations as in Fig. 1.

by Albrecht et al. (2000). They also noticed that tillage created
an even distribution of POM throughout the soil profile, but
the decrease of tillage inten- sity increased the POM fraction,
especially in the upper soil depths.
CONCLUSIONS

1. Conservation tillage systems (reduced tillage and
no-tillage) exerted beneficial effects on the soil environment
at both experimental sites differing in soil type (silt soil in
Rogów and silty loam soil in ¯elis³awki).
2. In general, at both experimental sites, soils under
reduced tillage and no-tillage showed higher microbial
biomass content and associated activity of microorganisms
as measured by the rate of CO2 evolution, dehydrogenase
system activity and two ecophysiological parameters –
microbial and metabolic quotients, as compared to the
conventionally managed soils.
3. Among the three tillage systems studied, no-tillage
system caused the most significant increase of labile
fractions of organic matter as particulate organic matter and
microbial biomass C contents in studied soils at both
experimental sites.
REFERENCES
Albrecht S.L., Fauci M.F., Skirvin K.W., and Bezdicek D.F.,
2000. Organic matter fractions from pacific northwest soils:
depth and tillage effects. Columbia Basin Agricultural Research. Annual Report 1012, Oregon State Univ.-USDAARS Press, Pendleton, OR, USA.
Anderson T.H. and Domsh K.H., 1989. Ratios of microbial
biomass carbon to total organic carbon in arable soils. Soil
Biol. Biochem., 21, 471-479.
Angers D.A., Edwards L.M., Sanderson J.B., and Bissonnette
N., 1999. Soil organic matter quality and aggregate stability
under eight potato cropping sequences in a fine sandy loam
of Prince Edward Island. Can. J. Soil Sci., 79, 411-421.
Balota E.L., Colozzi-Filho A., Andrade D.S., and Dick R.P.,
2003. Microbial biomass in soils under different tillage and
crop rotation systems. Biol. Fert. Soils, 38, 15-20.

Bergstrom D.W., Monreal C.M., and King D.J., 1998. Sensitivity of soil enzyme activities to conservation practictoces. Soil
Sci. Soc. Am. J., 62, 1286-1295.
Beyer L., Sieling K., and Pingpank K., 1999. The impact of a low humus input level in arable soils on microbial properties, soil
organic matter quality and crop yield. Biol. Fert. Soils, 28,
156-161.
Böhme L., Langer U., and Böhme F., 2005. Microbial biomass,
enzyme activities and microbial community structure in two
European long-term field experiments. Agric. Ecosys.
Environ., 109, 141-152.
Calderon F.J., Jackson L.E., Scow K.M., and Rolston D.E.,
2000. Microbial responses to stimulated tillage and in cultivated and uncultivated soils. Soil Biol. Biochem., 32,
1547-1559.
Cambardella C.A. and Elliott E.T., 1992. Particulate soil organic
matter changes across a grassland cultivation sequences.
Soil Sci. Soc. Am. J., 56, 777-782.
Cambardella C.A., Gajda A.M., Doran J.W., Wienhold B.J.,
and Kettler T.A., 2001. Estimation of particulate and total
organic matter by weight loss-on-ignition. In: Assessement
Methods for Soil Carbon (Eds R. Lal, J. M. Kimble, R.F.
Follett, B.A. Stewart). CRC Press, Boca Raton, FL, USA.
Casida L.E., Jr. Klein D.A., and Santoro T., 1964. Soil dehydrogenase activity. Soil Sci., 98, 371-379.
Dilly O., 2005. Ratios of microbial biomass estimates to evaluate
microbial physiology in soil. Biol. Fert. Soils, 42, 241-246.
Dilly O., 2006. Microbial energetics in soils. In: Microorganisms
in Soils: Roles in Genesis and Functions (Eds F. Buscot,
A. Varna). Springer Verlag, Berlin-Heidelberg, Germany.
Denef K., Zotarelli L., Boddey R.M., and Six J., 2007. Microaggregate-associated carbon as a diagnostic fraction for
management-induced changes in soil organic carbon in two
oxisols. Soil Biol Biochem., 39, 1165-1172.
Doran J.W., Elliott E.T., and Paustian K., 1998. Soil microbial
activity, nitrogen cycling, and long-term changes in organic
carbon pools as related to fallow tillage management. Soil
Till. Res., 49, 3-10.
Doran J.W. and Parkin T.B., 1996. Quantitative indicators of soil
quality: A minimum data set. In: Methods for Assessing Soil
Quality (Eds J.W. Doran, A.J. Jones). SSSA Special Pub.,
49, Madison, WI, USA.
Flieâbach A. and Mäder P., 2000. Microbial biomass and sizedensity fraction differ between soils of organic and conventional agricultural systems. Soil Biol. Biochem., 32, 757-768.
Gajda A.M., 2008. Effect of different tillage system on some
microbiological properties of soils under winter wheat. Int.
Agrophysics, 22, 201-208.
Gajda A.M., Doran J.W., Kettler T.A., Wienhold B.J., Pikul
J.L. Jr., and Cambardella C.A., 2001. Soil quality evaluations of alternative conventional management systems in
the Great Plains. In: Assessment Methods for Soil Carbon
(Eds R. Lal, J.M. Kimble, R.F. Follett, B.A. Stewart). CRC
Press, Boca Raton, FL, USA.
Gajda A. and Martyniuk S., 2005a. Microbial biomass C and N
and activity of enzymes in soil under winter wheat grown
different management systems. Polish J. Environ. Studies,
14, 159-163.
Gajda A.M. and Martyniuk S., 2005b. Particulate organic matter
and microbial biomass C contents in soils with different
mechanical structure. Pamiêtniki Pu³awskie, 40, 49-58.

MICROBIAL ACTIVITY AND PARTICULATE ORGANIC MATTER CONTENT IN SOILS
Galantini J. and Rosell R., 2006. Long-term fertilization effects
on soil organic matter quality and dynamics under different
production systems in semiarid Pampean soils. Soil Till.
Res., 87, 72-81.
Gil-Sotres F., Trasar-Cepeda C., Leirós M.C., and Seoane S.,
2005. Different approaches to evaluating soil quality using
biochemical properties. Soil Biol. Biochem., 37, 877-888.
Jenkinson D.S. and Powlson D.S., 1976a. The effects of biocidal
treatments on metabolism in soil. I. Fumigation with chloroform. Soil Biol. Biochem., 8, 167-177.
Jenkinson D.S. and Powlson D.S., 1976b. The effects of biocidal
treatments on metabolism in soil. A method for measuring
soil biomass. Soil Biol. Biochem., 8, 209-213.
Lal R., 2002. Soil carbon dynamics in cropland and rangeland.
Environ. Poll., 116, 353-362.
Lalande R., Gagnon B., Chapman R.A., and Barnett G.M.,
2005. Soil microbial populations, activity, and community
structure in continuous corn or forage systems under organic
or inorganic fertilization in eastern Canada. Can. J. Soil Sci.,
85, 1, 27-35.
Liebig M.A., Tanaka D.L., and Wienhold B.J., 2004. Tillage and
cropping effects on soil quality indicators in the northern
Great Plains. Soil Till. Res., 78, 131-141.
Marinari S., Mancinelli R., Campiglia E., and Grego S., 2006.
Chemical and biological indicators of soil quality in organic
and conventional farming system in Central Italy. Ecol.
Indic., 6, 701-711.
Marriott E.E. and Wander M., 2006. Qualitative and quantitative differences in particulate organic matter fractions in
organic and conventional farming system. Soil Biol. Biochem., 38, 1527-1536.
Martyniuk S., Gajda A., and Kuœ J., 2001. Microbiological and
biochemical properties of soil under cereals grown in the

137

ecological, conventional and integrated systems. Acta Agrophysica, 52, 185-190.
Masto R.E., Chhonkar P.K., Singh D., and Patra A.K., 2006.
Changes in soil biological and biochemical characteristics in
long-term field trial on a sub-tropical inceptisol. Soil Biol.
Biochem., 38, 1577-1582.
Schulte E.E. and Hopkins B.G., 1996. Estimation of soil organic
matter by weight loss-on-ignition. In: Soil Organic Matter:
Analysis and Interpretation. SSSA Special Publ., 46,
Madison, WI, USA.
Sleutel S., De Neve S., Nemeth T., Toth T., and Hofman G.,
2006. Effect of manure and fertilizer application on the
distribution of organic carbon in different soil fractions in
long-term field experiment. Europ. J. Agron., 25, 280-288.
Sparling G.P., 1992. Ratio of microbial biomass carbon to soil
organic carbon as a sensitive indicator of changes in soil
organic matter. Australian J. Soil Res., 30, 195-207.
Spedding T.A., Hamel C., Mehuys G.R., and Madrmootoo
C.A., 2004. Soil microbial dynamics in maize-growing soil
under different tillage and residues management systems.
Soil Biol. Biochem., 36, 499-512.
Tan Z., Lal R., Owens L., and Izaurralde R.C., 2007. Distribution of light and heavy fractions of soil organic carbon as related to land use and tillage practice. Soil Till. Res., 92, 53-59.
Wander M.M. and Yang X., 2000. Influence of tillage on the dynamics of loose- and occluded-particulate and humified
organic matter fractions. Soil Biol. Biochem., 32,
1151-1160.
Wardle D.A., Yeates G.W., Nicolson K.S., Bonner K.I., and
Watson R.N., 1999. Response of soil microbial biomass
dynamics, activity and plant litter decomposition to
agricultural intensification over a seven year period. Soil
Biol. Biochem., 31, 1707-1720.

