
A b s t r a c t. Two concepts and methods for determining the
number of culturable bacteria were compared in soil under conven-
tional ie mineral fertilizers, herbicides, fungicides or organic ma-
nagement ie manure or compost, mechanical or manual weeding.
In the first method, colony-forming units (CFUs) of bacteria were
counted after 14 days of incubation of soil dilutions on two dif-
ferent media ie diluted nutrient broth agar (DNBA) and soil extract
agar (SEA). In the second method, the First Order Reaction (FOR)
model was used to determine the CFUs of bacteria that were
counted 7 times on successive days after plating the soil dilutions
on the media. The CFUs were also expressed on the basis of 1 g of
fresh soil, 1 g of oven-dry soil, 1 cm3 of soil, 1 cm3 (ml) of soil
dilution, 1 cm3 of soil porosity, and 1 cm2 of pore surface. The
numbers of bacteria were compared with the organic carbon
content of the soils, as soil organic matter was assumed to be the
major substrate for the growth of the bacteria. The content of
carbon was 0.96% (in soil receiving mineral fertilizers) and 1.34%
(in soil receiving organic fertilizers), resulting in a comparative
ratio of 0.96:1.34 = 0.72.

K e y w o r d s: soil bacteria, methods of determining bacterial
numbers, first order reaction (FOR) model.

INTRODUCTION

The numbers of bacteria in soil have been determined by
both direct and indirect methods. Direct methods eg micro-
scopic observations generally do not provide adequate infor-
mation about the physiologic and taxonomic characteristics
of the bacteria. Indirect methods eg plating, immunological,

molecular, measurements of microbial activity also have
deficiencies. Methods that determine the number of physio-
logical groups by measuring the metabolites produced eg

CO2, NH3, fatty acids from the introduction of specific sub-
strates can be biased as a result of errors in interpreting the
kinetics of the production of metabolites. Molecular and im-
munological methods can provide considerable information
on community structure and microbial diversity, but many
of the organisms detected may be nonculturable, thus pre-
venting their precise identification. The number of bacteria
determined by serial dilution and plating on different media
depends on:
– how soil samples are stored before the preparation of the

dilutions (Stotzky et al., 1962);
– the suitability for growth of the media (Hattori and

Hattori, 1980); and
– the interpretation of the results (Malicki, 1980; 1981;

D¹bek-Szreniawska, 1992).
The purpose of this study was to compare two concepts

and methods of determining the number of culturable
bacteria in a soil under different methods of fertilizing: one
receiving mineral fertilizers and the other receiving organic
fertilizers. In the first method eg Parkinson et al., 1971, the
colony-forming units (CFUs) of bacteria were counted after
a specific period of incubation of soil dilutions (14 days) on
different media. In the second method, the First Order
Reaction (FOR) model (Ishikuri et al., 1984; Ishikuri and
Hattori, 1987; Hattori, 1988; Hattori and Hattori, 2000) was
used to determine the CFUs of bacteria which were counted
7 times on successive days for 14 days after plating the soil
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dilutions on different media. Although counting the num-
bers of CFUs only once after a definite period of incubation
saves time, this method provides only limited information.
In contrast, the FOR model, although requiring more time,
provides information on the kinetics of colony growth, on
the suitability of the medium for the growth of the bacteria,
on the time of appearance of the first colony, and on the
potential number of CFUs in the soils.

The FOR model provides an equation that describes the
relation between the number of colonies and incubation
time:

N t N t t t tr r( ) [ exp( ( )],� � � � � �1 � ,

where: N(t) and N� are numbers of colonies observed at
time t and after an infinite time; tr (retardation time) is a para-
meter reflecting the delay or lag in growth; and � is a para-
meter indicating the rate of colony formation. This model
allows one to estimate the number of colonies that are
potentially able to grow on the medium used. The time
required for the appearance of the first colony and the rate of
the increase of the number of colonies are also characte-
ristics of the FOR model.

Hattori (1988) and Hattori and Hattori (2000) described
how to estimate the parameters mentioned above. According
to the FOR model, it is possible to estimate N� from counts
made on successive days. In the FOR model, the minimum
number of counts of CFUs is three on three successive days.
Hattori and Hattori (2000) also described the possibility of
estimating the value of N� from counting the data in a much
shorter period than that of the standard method. Moreover,
they discussed how to estimate N� for a mixed population
of bacteria in a complex environment such as soil. Based on
the FOR theory, the parameter tr may be estimated because
there is a linear relation between the division rate and tr,
suggesting that tr is closely, but not exactly, related to the
division rate of an organism. Moreover, the FOR theory
indicates that, generally, the tr value can be divided into two
parts: the first part is the time before cell division begins, and
the second part is the time required for a dividing cell to
produce a colony of a visible size which is affected by
several factors, such as the generation time of the organism,

the spatial arrangement of ‘newly born cells on the solid
medium’, the production of slime substances by the cells,
and the ‘threshold size for the visual detection of the
colony’. Hattori and Hattori (2000) also discussed how to
estimate the parameter � which corresponds to the rate
constant in first-order kinetics and, in terms of statistical
analysis, is defined as ‘the probability of forming colonies in
an interval of unit time’. The parameter � reflects the rate, or
the probability, for the initiation of cell division in a unit of
time. Moreover, they reported that � depends greatly on the
age of the inoculum and is the highest when inoculated cells
are in the ‘exponential phase’ and becomes lower when cells
are in the stationary and death phases.

We evaluated the FOR model to see how the serial
dilution technique in the enumeration of culturable soil
bacteria from the soil treated with conventional ie mineral
fertilizers, herbicides, fungicides or organic management ie

manure or compost, mechanical or manual weeding is
affected by the composition of the media, by the method of
expressing the number of CFUs, and the interpretation the
results.

MATERIALS AND METHODS

Soil samples from an Orthic Luvisol (FAO classifica-
tion) were obtained from fields planted long-term with
wheat at the Institute of Soil Science and Plant Cultivation in
Pu³awy, Poland (Kuœ, 1998). The field experiments utilized
two crop management as systems: conventional ie mineral
fertilizers, herbicides, and fungicides and organic ie fertili-
zed with manure or compost and with mechanical and
manual weeding. Some physicochemical characteristics of
the soil samples are presented in Table 1. The content of
organic carbon was determined by the methods of Tiurin
(1931); total porosity, total pore volume, and bulk density
with a Carlo Erba Mercury Porosimeter Series 2000 as descri-
bed by Hajnos et al. (1998); specific surface area by water-
vapour adsorption (Soko³owska et al., 1998); pH and water
content by the methods of McLean (1982). Other
physicochemical characteristics of the soils have been
described by Soko³owska et al. (1999) and D¹bek-
Szreniawska et al. (2002).
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Soil property
Mineral

fertilizers

Organic
fertilizers

Ratio
(M : O)

Organic carbon content (%) 0.96 1.34 0.72

Bulk density (g cm-3) 2.3 2.1 1.1

pH (in H2O) 6.7 7.5 –

Total pore volume (cm3 g-1) 40.9 68.1 0.60

Total porosity (%) 9.4 14.3 0.66

Water content (%) 53.0 60.0 0.88

Specific pore surface area (m2 g-1) 0.43 0.83 0.52

T a b l e 1. Physicochemical characteristics of the soils



Mercury intrusion porosimetry (MIP)

This technique involves forcing of mercury into brown
coals samples at increasing hydraulic pressure. Because
mercury does not adhere to most of solids (the contact angle
is higher than 90°), it enters the pores only when an external
pressure (pm) is applied (for example water of contact angle
close to 0° enters the pores spontaneously). The higher the
pressure, the narrower the pores mercury is forced into. The
pores should be empty at the beginning, and so the sample is
out-gassed at a vacuum prior to the mercury intrusion. The
MIP apparatus registers the volume of mercury forced into
the sample against the intrusion pressure V V pm� ( ). This
volume V is related directly to the pore volume, and the
intrusion pressure may be related to the (equivalent) pore
radius using the Washburn equation:

r pm m m0 2�� � �cos / ,

where: � m – is mercury surface tension, �m – is mercury-
solid contact angle (for soils this equals to 141.3°).

The volume of pores having radius less than given r0 is
calculated as:

V r r V V V ps m( ) ( )� � � �0 0 ,

where:Vs – is volume of the solid phase of the porous body,
V0 – is volume of all pores before the intrusion of mercury and
V(pm) is volume of the intruded mercury at a pressure pm.

The pore size and pore volume distributions were
determined in the range from 3.7 to 7500 nm radius by MIP
as described by Hajnos and Œwieboda (2004). Cumulative
pore size distributions and pore size distributions were
analysed. The measurements were done using the Carlo
Erba 2000 porosimeter. The surface tension and the contact
angle of mercury were assumed to be 480 mJ m-2 and 141.3,
respectively. Using the computer programme Milestone
100, and assuming the cylindrical pore model, such
parameters as: bulk density, pore specific surface area
(PSSA), and total porosity (TP) were calculated.

Structural analyses of soil samples were done in five
replications. Before porosimetric analyses, the samples
were oven-dried at 105°C and then outgassed up to 10-3 Pa to
remove physically adsorbed water from their surface.

Between microbiological experiments, the soil samples
were kept at 4	1°C. Serial 10-fold dilutions of the soils
were made daily for 6 days and inoculated into plates with
the medium that were incubated at 25 	 1°C for 14 days.
Colonies were counted at 1, 2, 3, 5, 7, 10, and 14 days after
inoculation (Tables 2 and 7a,b,c,d), and the number of CFUs
of bacteria was determined on the basis of the FOR model.
The number of CFUs of bacteria was also determined once
after 14 days of incubation (Parkinson et al., 1971). The
following media were used: Diluted Nutrient Broth + agar
(DNBA) (Hattori and Hattori, 1980) containing (per litre):
0.1 g peptone, 0.1 g beef extract, 0.05 g NaCl, and 15 g agar;

and Soil Extract Agar (SEA) containing 100 ml of soil
extract and 0.2 g K2HPO4, 1 g dextrose, 15 g agar, and 900
ml tap water (Stotzky et al., 1993).

The CFUs were expressed on the basis of 1 g of fresh
soil, 1 g of oven-dry soil, 1 cm3 of soil, 1 cm3 (ml) of soil
dilution, 1 cm3 of soil porosity, and 1 cm2 of pore surface.

Examples of calculations: SEA, Organic fertilizer,
Standard (Table 5): N CFUx106 g-1 fresh soil = 159.7 eg

SEA and organic fertilizers:
N CFU x106 g-1 dry soil = (100% / 100% - % moisture)
(N CFU x106 g-1 fresh soil);
(100% / 100% - 60%) 159.7 = (100% / 40%) 159.7 = 399.2
N CFU x106 cm-3 soil = bulk density (N CFU x106 g-1 dry
soil); 2.1x 399.2 = 838.3
N CFU x106 cm-3 soil solution = (100% / moisture %)
(N CFU x106 g-1 fresh soil);
(100% / 60%) 159.7 = 266.1
N CFU x106 cm-3 porosity = (1000 mm-3 / porosity)
(N CFU x106/ g dry soil);
(1000 / 68.1) 399.2 = 5861.2
(N CFU x106 cm-2 surface of pores = (1 / surface of pores)
N CFU x106 g-1 dry soil;
(1 / 8300 cm2) 399.2 = 0.048.

The CFUs of bacteria were related to the organic carbon
content of the soils, as soil organic matter was assumed to be
the major substrate for the growth of the bacteria (Monod,
1950). Statistical analyses of CFUs were done according to
Snedecor (1956), Dmitriev (1972), and Parkin and Robinson
(1994). The agreement between the results of analysis of
replicates of the same soil samples was determined by
calculating Pearson’s coefficient of variance (% CV) for
each individual series which determines the percentage of
the means that constitutes the standard deviation. The
equality of variance was determined by the Fisher-Snedecor
test (Snedecor, 1956).

RESULTS AND DISCUSSION

The soils differed in their organic carbon depending on
the type of fertilization (Table 1), which apparently influen-
ced the numbers of bacteria.

The results obtained with the FOR model are presented
in Tables 2 and 4. According to the FOR model, the bacteria
were counted on a minimum of three successive days after
making dilutions and inoculating the media: the media were
inoculated daily for six consecutive days. The highest num-
ber of CFUs was obtained from the organically-fertilized
soil on DNBA, and the lowest number of CFUs was obtained
on SEA from the minerally fertilized soil. Counts on the first
and second days on SEA were relatively low, suggesting that
SEA does not support well the growth of rapidly growing
bacteria. The media used influenced the number of CFUs
and also the time of the appearance of the first colony. The
appearance of the first colony, tr, was earlier on DNBA than
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Day of diluting
and inoculating

Estimated parameters (FOR model)
N t N t t t tr r( ) [ exp( ( )],� � � � � �1 � Standard error

Correlation
coefficient

N � tr �

Soil with mineral fertilizers cultured on DNBA, moisture content of 53%

1 176.4 0.307 0.21745 12.956 0.971

2 126.5 1.022 0.24348 7.363 0.987

3 141.6 1.032 0.21331 6.261 0.992

4 160.8 0.948 0.08159 5.867 0.988

5 166.8 0.719 0.23345 6.492 0.993

6 118.4 0.756 0.27334 9.567 0.973

Mean 148.41 0.797 0.21043

SD 21.2217 0.2505 0.06087

Soil with mineral fertilizers cultured on SEA, moisture content of 53%

1 142.2 0.723 0.08634 6.665 0.980

2 99.6 0.938 0.17472 11.954 0.936

3 99.0 1.324 0.10533 10.851 0.933

4 116.5 1.333 0.08208 12.723 0.914

5 196.7 1.326 0.08935 10.751 0.978

6 102.3 0.871 0.12988 5.563 0.985

Mean 126.05 1.0858 0.11712

SD 34.97 0.2500 0.003267

Soil with organic fertilizers cultured on DNBA, moisture content of 60%

1 420.0 0.131 0.17778 19.047 0.986

2 348.9 0.514 0.20645 16.119 0.989

3 327.0 0.603 0.21283 19.308 0.984

4 253.6 0.648 0.17079 12.023 0.989

5 330.7 0.587 0.20437 8.713 0.997

6 299.6 0.227 0.32743 22.466 0.968

Mean 329.96 0.4516 0.21661

SD 50.378 0.19872 0.05189

Soil with organic fertilizers cultured on SEA, moisture content of 60%

1 234.6 1.106 0.13760 16.832 0.973

2 258.6 1.247 0.14706 19.788 0.972

3 282.7 1.518 0.08185 15.047 0.977

4 157.7 1.102 0.15617 9.404 0.987

5 198.4 1.102 0.13118 9.278 0.989

6 330.1 1.067 0.23315 10.772 0.996

Mean 243.683 1.1903 0.14783

SD 55.881 0.15732 0.04488

T a b l e 2. Colony forming units (CFUs) 106 g-1 of fresh soil according to the FOR model
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Day of diluting
and inoculating

Mineral fertilizers Organic fertilizers

DNBA SEA DNBA SEA

1 x SD
 165.5
10.2 93.8
10.3 387.4
23.1 193.8
21.6

n 5 5 5 4

%CV 6.2 11.1 5.9 11.1

2 x SD
 118.3
2.77 87.6
17.0 329.2
19.1 210.0
20.7

n 4 5 5 5

%CV 2.3 19.5 5.8 9.9

3 x SD
 130.7
4.2 70.3
14.2 311.0
14.5 172.8
15.2

n 3 3 3 4

%CV 3.2 20.2 4.6 8.8

4 x SD
 99.7
3.8 72.3
15.1 233.3
13.7 131.3
1.7

n 3 3 3 3

%CV 3.9 20.8 5.9 1.33

5 x SD
 158.7
7.4 127.7
9.7 312.0
7.1 159.7
10.5

n 3 3 3 3

%CV 4.6 7.6 2.3 6.6

6 x SD
 115.7
10.6 80.3
4.5 309.0
15.5 309.7
9.9

n 3 3 3 3

%CV 9.2 5.6 5.0 3.2

x – mean, SD – standard deviation, % CV – coefficient of variance, % CV ~
SD

x
100, n – number of repetitions of the sample.

T a b l e 3. Colony forming units (CFU) 106 g-1 of fresh soil counted once after 14 days of incubation; standard method

Days after making
dilutations

and inoculating

Mineral fertilizers (at 53% moisture content) Organic fertilizers (at 60% moisture content)

DNBA SEA DNBA SEA

1 N � 176.4
12.956 142.2
6.665 410.1
19.047 234.6
16.832

%CV 7.34 4.68 4.53 7.17

2 N � 126.4
7.363 99.6
11.954 348.9
16.119 258.6
19.788

%CV 5.82 12.00 4.62 7.65

3 x SD
 141.6
6.261 99.0
10.851 327.0
19.308 282.7
15.047

%CV 4.42 10.96 5.90 5.32

4 N � 160.8
5.867 116.5
12.723 253.6
12.023 15.77
9.404

%CV 3.65 10.92 4.74 5.96

5 N � 166.8
6.432 196.7
10.751 330.7
8.713 98.4
9.278

%CV 3.89 5.46 2.63 4.67

6 N � 118.4
9.567 102.3
5.563 299.6
22.466 330.1
10.772

%CV 8.08 5.44 7.49 3.26

Explanations as in Table 3.

T a b l e 4. Colony forming units (CFUs)106 g-1 of fresh soil according to the FOR model



on SEA, and the growth kinetics, l, were faster on DNBA
(Table 2). Although colonies appeared earlier from the orga-
nically-fertilized soil, the subsequent rate of development of
colonies was essentially the same for both the methods of
fertilization and calculation. Table 3 shows the number of
CFUs that grew on DNBA and SEA and were counted only
once after 14 days of incubation according to the standard
method (Parkinson et al., 1971). Table 4 is based on the
results presented in Table 2. The physicochemical data in
Table 1 were used for the calculations in Table 5, which
shows the numbers of CFUs of soil bacteria (taken from
Tables 3 and 4 when they were made 5 days after collection
of the soil samples the soil dilutions and inoculation). The
5th day was chosen for the calculations because it had the
lowest value of %CV of Pearson’s coefficient. In Table 5,
the data in the first line (fresh soil) are taken from Tables 3
and 4. The second line is the CFUs g-1 of oven dry soil and
these calculations are shown in the footnote. When the
results were expressed on a basis other than 1 g of fresh soil

(Table 5, using the data from Tables 1, 3, and 4), the numbers
of CFUs differed not only in the methods of fertilization and
cultivation and the method of measurement but also with
how the results were expressed. The highest numbers of
bacteria in soil were obtained when the results were
expressed as the number of bacteria cm-3 of soil porosity,
using the FOR model and the DNBA medium.

The importance of soil organic matter in environmental
protection and for the nutrient supply of the plants has
strongly decreased in the last decades (Korschens, 2004). In
our experiments the ratio of soil bacteria and organic carbon
content is discussed. Table 6 shows the comparison of the
ratios of CFUs of bacteria and organic carbon contents from
soil receiving mineral fertilizers to organically-fertilized
soil (Table 5). The ratio of CFUs of bacteria in soil receiving
mineral fertilizers to organically-fertilized soil that most
closely approximated the ratio of the organic carbon content
of minerally to organically-fertilized soil is also shown. The
numbers of bacteria were compared with the organic carbon
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Number of CFUs
of bacteria (N)

Mineral fertilizer Organic fertilizer

DNBA SEA DNBA SEA

Standard FOR Standard FOR Standard FOR Standard FOR

N g-1 fresh soil 158.7 166.7 127.7 196.7 312.0 330.7 159.7 198.4

N g-1 dry soil 337.6 354.9 271.6 418.5 780.0 826.8 399.2 496.1

N cm-3 soil 776.4 816.4 624.7 962.6 1638.0 1736.0 838.3 1041.8

N cm-3 soil dilution 299.4 314.8 240.9 371.1 520.0 551.2 266.1 330.7

N cm-3 porosity 8259.7 8684.6 664.6 10240.1 11454.5 12142.2 5861.2 7285.4

N cm-3 pores surface 0.078 0.082 0.063 0.097 0.094 0.099 0.048 0.059

T a b l e 5. Colony forming units (CFU) 106 g-1 of soil by standard method and FOR model when keeping the soil samples for 5 days
before inoculation of the dilutions

Number of CFUs
of bacteria

Standard method FOR model

DNBA SEA DNBA SEA

The ratio of organic carbon content of minerally fertilized soil to organic carbon content
of organically-fertilized soil was 0.96:1.34 = 0.72

N g-1 fresh soil 0.51 0.80 0.50 1.0

N g-1 dry soil 0.43 0.68 0.43 0.84

N cm-3 soil 0.47 0.74* 0.47 0.92

N cm-3 soil dilution 0.57 0.90 0.57 1.12

N cm-3 porosity 0.72* 1.13 0.71* 1.40

N cm-3 pores surface 0.83 1.31 0.83 1.64

*Ratio of CFUs of bacteria that most closely approximates to the ratio of organic carbon content of minerally- to organically-fertilized soil.

T a b l e 6. Comparison of the ratio of CFUs of bacteria (from Table 5) and the ratio of organic carbon content of minerally and
organically-fertilized soil
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Day of
diluting

and
inoculating

Sample number Time of counting colonies (days)

1 2 3 5 7 10 14

1 1 28 37 67 119 138 156 169

2 29 40 62 94 117 134 149

3 31 49 84 125 144 158 167

4 38 54 86 134 157 168 177

Pearson’s coefficient %CV 12.4 15.1 13.9 12.6 10.4 8.0 6.2

Mean value of Pearson’s coefficient: %CV =11.23 SD=2.97

2 1 7 18 56 80 102 117 117

2 5 12 56 74 107 118 123

3 3 11 48x 71 92 111 116

4 4 18 59 83 95 113 117

Pearson’s coefficient %CV 31.1 22.2 2.5 6.2 5.9 2.5 2.3

Mean value of Pearson’s coefficient: %CV=10.38 SD =10.66

3 1 7 18 50 84 106 122 132

2 5 12 50 80 99 117 125

3 3 17 53x 81 110 125 135

Pearson’s coefficient %CV 32.6 16.7 0.0 2.1 4.3 2.7 3.2

Mean value of Pearson’s coefficient: %CV=8.8 SD =10.95

4 1 6 9 26 42 74 89 105

2 1 10 31 43 54 84 96

3 3 10 25 36 53 83 98

Pearson’s coefficient %CV 61.6 4.9 9.6 7.66 16.0 3.1 3.9

Mean value of Pearson’s coefficient: %CV=15.25 SD =19.35

5 1 11 48 75 106 135 161 168

2 9 38 64 97 121 140 150

3 9 44 77 103 128 148 158

Pearson’s coefficient %CV 9.7 9.5 7.9 3.7 4.5 5.8 4.6

Mean value of Pearson’s coefficient: %CV=6.53 SD =2.30

6 1 9 36 46 68 85 95 103

2 5 29 47 86 99 107 115

3 8 44 60x 92 113 119 129

Pearson’s coefficient %CV 23.2 16.8 1.0 12.4 11.5 9.1 9.2

Mean value of Pearson’s coefficient: %CV=11.88 SD =6.39

Mean value: %CV 28.43 14.20 5.81 7.45 8.76 5.20 4.90

Standard deviation 17.12 5.57 5.03 3.98 4.26 2.62 2.27

xRejected with probability of 90% (Dmitriev, 1972).

T a b l e 7a. Colony forming units (CFUs) 106 g-1 fresh soil with mineral fertilizers; cultured on DNBA
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Day of
diluting

and
inoculating

Sample
number

Time of counting colonies (days)

1 2 3 5 7 10 14

1

1 11 16 26 42 68 88 94

2 6 13 21 42 62 76 83

3 7 11 21 39 58 76 82

4 6 10 17 36 58 85 101

5 8 15 24 43 65 93 109

Pearson’s coefficient %CV 24.4 17.5 14.0 6.4 6.3 8.0 11.1

Mean value of Pearson’s coefficient: %CV =12.53 SD=6.17

2

1 3 10 23 44 54 64 69

2 6 12 22 50 69 84 90

3 9 14 32 53 70 84 92

4
5

6
0

16
10

39
25

69x

45
89
50

107
65

116
71

Pearson’s coefficient %CV 63.7 18.8 22.8 7.6 20.8 19.48 19.46

Mean value of Pearson’s coefficient: %CV=24.66 SD =16.57

3

1 0 5 11 25 35 51 57

2 1 7 13 45x 64 82 90

3 0 4 9 26 38 57 64

Pearson’s coefficient %CV 1.4 23.4 14.8 1.9 28.5 21.2 20.2

Mean value of Pearson’s coefficient: %CV=35.91 SD =43.76

4

1 3 4 14 31 62 75 83

2 2 3 20 32 55 75 83

3 1 1 2x 14x 27 40 51

Pearson’s coefficient %CV 40.8 46.8 46.9 1.6 31.1 26.0 20.8

Mean value of Pearson’s coefficient: %CV=30.57 SD =15.07

5

1 1 4 13 50 69 106 118

2 1 6 19 53 79 110 124

3 7 14 17 62 93 130 141

Pearson’s coefficient %CV 94.3 54.0 15.3 9.3 12.25 9.1 7.6

Mean value of Pearson’s coefficient: %CV=28.83 SD =30.70

6

1 3 6 26 42 62 75 83

2 1 8 27 44 65 76 84

3 0 6 21 40 58 64 74

Pearson’s coefficient %CV 93.5 14.1 10.6 3.9 4.6 7.6 5.6

Mean value of Pearson’s coefficient: %CV=19.98 SD =30.19

Mean value: %CV 76.35 29.10 20.73 5.11 17.25 15.23 14.13

Standard deviation 38.67 15.44 12.25 2.87 10.29 7.28 6.25

xExplanations as in Table 7a.

T a b l e 7b. Colony forming units (CFUs) 106 g-1 fresh soil with mineral fertilizers; cultured on SEA
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Day of
diluting

and
inoculating

Sample
number

Time of counting colonies (days)

1 2 3 5 7 10 14

1

1 76 134 170 234 284 314 356

2 76 120 169 252 335 365 414

3 84 104 166 245 318 362 413

4 82 99 148 219 289 326 370

5 89 104 160 250 300 331 384

Pearson’s coefficient %CV 6.1 11.6 4.9 5.1 6.2 5.9 5.9

Mean value of Pearson’s coefficient: %CV =6.52 SD=2.12

2

1 21 94 163 187 256 296 319

2 25 107 165 196 272 303 325

3 20 87 135 192 231 273 301

4 28 98 152 197 266 320 352

5 30 110 158 200 262 314 349

Pearson’s coefficient %CV 15.6 8.5 6.9 2.3 5.5 5.4 5.8

Mean value of Pearson’s coefficient: %CV=7.14 SD =3.86

3

1 31 87 168 227 269 308 331

2 25 70 134 190 237 271 305

3 29 66 123 177 218 259 297

Pearson’s coefficient %CV 8.8 12.2 13.5 10.7 8.7 7.5 4.6

Mean value of Pearson’s coefficient: %CV=9.43 SD =2.77

4

1 8 55 107 128 163 179 215

2 10 51 94 119 173 200 237

3 10 48 99 123 174 204 248

Pearson’s coefficient %CV 10.1 5.6 5.3 2.9 2.9 5.6 5.8

Mean value of Pearson’s coefficient: %CV=5.46 SD =2.23

5

1 20 88 129 198 243 290 317

2 22 93 129 187 226 270 302

3 17 95 138x 200 234 290 317

Pearson’s coefficient %CV 10.4 3.2 0.0 2.9 2.9 3.3 2.3

Mean value of Pearson’s coefficient: %CV=3.57 SD =2.98

6

1 42 158 171x 207 238 275 298

2 46 171 188 236 271 311 331

3 56 164 188 218 248 280 298

Pearson’s coefficient %CV 12.3 3.2 0.0 5.4 5.4 5.5 5.0

Mean value of Pearson’s coefficient: %CV=5.26 SD =3.41

Mean value: %CV 10.55 7.38 5.10 4.88 5.26 5.53 4.90

Standard deviation 2.93 3.66 4.58 2.85 1.99 1.22 1.25

xExplanations as in Table 7a.

T a b l e 7c. Colony forming units (CFUs) 106 g-1 fresh soil with organic fertilizers; cultured on DNBA
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Day of
diluting

and
inoculating

Sample
number

Time of counting colonies (days)

1 2 3 5 7 10 14

1

1 1 11 35 82 112 126 156

2 5 15 45 86 119 149 185

3 3 23 56 111 157 179 216

4 6 23 60 114 155 180 202

5 8 18 49 105 145 181 210

Pearson’s coefficient %CV 52.5 25.8 17.8 13.2 13.5 13.5 11.1

Mean value of Pearson’s coefficient: %CV =1.06 SD=13.61

2

1 8 10 50 99 161 194 202

2 8 10 51 92 152 180 198

3 10 20 66x 127 197 237 251

4 2 9 50 108 160 191 204

5 3 5 73 90 143 173 195

Pearson’s coefficient %CV 50.4 45.9 6.6 13.0 11.3 11.4 9.9

Mean value of Pearson’s coefficient: %CV=21.21 SD =17.17

3

1 1 3 11 65 121 164 182

2 1 5 19 63 98 153 167

3 3 7 21 78x 117 171 191

2 5 15 62 98 129 151

Pearson’s coefficient %CV 47.4 28.3 23.3 9.4 1.9 10.3 8.8

Mean value of Pearson’s coefficient: %CV=18.54 SD =14.47

4

1 4 10 35 61 94 122 132

2 11 17 44 77 105 123 129

3 3 7 33 68 108 125 133

Pearson’s coefficient %CV 59.3 36.9 12.8 9.5 5.9 1.0 1.3

Mean value of Pearson’s coefficient: %CV=18.10 SD =20.27

5

1 5 7 38 78 106 137 149

2 5 8 50 88 119 149 174

3 5 15 48 75 101 131 156

Pearson’s coefficient %CV 0.0 35.6 11.6 6.9 6.9 5.4 6.6

Mean value of Pearson’s coefficient: %CV=10.43 SD =10.74

6

1 3 53 122 203 259 294 314

2 5 44 116 195 243 278 296

3 2 50 133 196 256 301 319

Pearson’s coefficient %CV 37.4 7.6 5.7 1.8 2.7 3.3 3.2

Mean value of Pearson’s coefficient: %CV=8.81 SD =11.81

Mean value: %CV 41.16 30.01 12.97 7.72 8.35 7.48 6.81

Standard deviation 19.53 11.93 6.12 4.66 3.59 4.53 3.54

xExplanations as in Table 7a.

T a b l e 7d. Colony forming units (CFUs) 106 g-1 fresh soil with organic fertilizers; cultured on SEA



content of the soil, as soil organic matter was assumed to be
the major substrate for the growth of the bacteria (Monod,
1950). The CFUs ratio of bacteria in the soil receiving
mineral fertilizer compared with the CFUs of bacteria in the
soil organically fertilized was similar or the same as the ratio
of organic carbon contents when the results were expressed
per cm3 of soil porosity.

The results of these studies showed that the determi-
nation of the numbers of bacteria in soil depends greatly on
the method of measurement and the method of presenting
the data. Moreover, as previous studies have also shown, it is
useful to include the physicochemical characteristics of the
soils studied (Malicki, 1980; 1981; D¹bek-Szreniawska,
1992; Stotzky et al., 1993), especially the physical characte-
ristics, when interpreting the results, as this provides more
information. For example, although measurements were
made on fresh soil and the results presented on the basis of
oven-dry soil, not providing data on the water content, bulk
density, and porosity of the soils would make it difficult to
compare the soils. Presenting the physical characteristics of
the soils studied facilitates the comparison of microbio-
logical data from different soils and other complex environ-
ments. Stotzky (1997) pointed out that ‘by understanding
the specific physicochemical factors of soils that affect posi-
tive and negative interactions, it might be possible to mani-
pulate these factors to enhance natural biocontrol of desired
and undesired microbes’. Knowledge on how soil characte-
ristics control the activity of microorganisms in soil is
essential to predict the occurrence and rate of microbially
mediated functions that are of agronomic and environmental
importance (Chenu and Stotzky, 2002).

CONCLUSIONS

1. The concentration of organic carbon in the soils
affected the number of bacteria enumerated, as the number
of CFUs was higher in the organically-fertilized soil than in
the soil receiving mineral fertilizers.

2. The media used influenced the number of CFUs
obtained, and determined both the time of appearance of the
first colony and the kinetics of the growth of the colonies.

3. The FOR model, which requires that the colonies are
repeatedly counted over a period of time, should be used to
determine the potential number of bacteria in a soil and to
evaluate the adequacy of the media used for the growth of
the bacteria present.

4. The results obtained depend on the method of
handling the soil samples, the method of measurement of
growth, and how the data are expressed. In these studies, the
CFUs ratio of bacteria in the minerally fertilized soil
compared with the CFUs of bacteria in the soil organically
fertilized was similar or the same as the ratio of organic
carbon content of minerally fertilized soil compared with
organic carbon content of organically fertilized soil when
the results were expressed per cm3 of soil porosity.

5. Regardless of which method is used to present the
results, the physicochemical characteristics, especially the
physical characteristics of the soil, must be provided.
Obviously, more studies with a larger variety of soils and
cultivation systems are necessary to confirm the results of
this study as well as of previous studies of Hattori and
co-workers.

6. It is necessary to confirm the results on determination
of the numbers of bacteria in soil depends on the method of
measurement and the method of presenting the data and that
it is useful to include the physicochemical especially the
physical characteristics of the soil.
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