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THE EFFECT AUTO-INOCULATION
OF THE SOIL ON THE CHANGE IN THE AMOUNT

OF LIVE MICROBIAL BIOMASS
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¯YWYCH MIKROORGANIZMÓW

Abstract: Out of three light soils of various parameters were isolated bacteria’s, actinomycetes and fungi.
Using those, autovaccines were prepared, individually for each of them. Then, in laboratory soil-conditions
were given autovaccines and during incubation, samples were being taken, in which the content of biomass of
living microorganisms were determined. The largest amount of biomass of living microorganisms was found
in the soil from Stuchowo, the lowest in the soil from Swierzno. During the incubation of soils in the
laboratory, the amount of biomass of living microorganisms decreased in soils from Stuchowo and Swierzno,
while it increased in the soil from Kepica. Bioaugmentation resulted in a statistically significant increase in
the amount of biomass of living microorganisms in all soils tested, reaching up to 30 % compared to
non-vaccinated soil. The increase was the highest in the soil from Stuchowo and then in the decreasing order
in the soils from Kepica and Swierzno.
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Introduction

Auto-inoculation of soil with microorganisms is one of the ways of their reclamation
or significant improvement of their biological properties. There are theoretical grounds
as well as various practical applications of this method of improving the soil fertility or
removing contaminants such as pesticides. These treatments are carried out using
various types of microorganisms adapted to the intended purpose [1]. They are
characterized by different effectiveness [2]. Usually, bioaugmentation with micro-
organisms is used to remove petroleum substances from the soil [3, 4], stimulating plant
growth and yield [5], and some biopreparations [6], however, ambiguous effects are
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obtained due to the application of microorganisms known as effective microorganisms –
EM [7–12].

The auto-inoculation method, involving the introduction of microorganisms originat-
ing from the environment or the organism being bioaugmented, i.e. own micro-
organisms, is known and used in various cases, especially in medicine or veterinary
medicine. There are numerous data proving its effectiveness [13–17].

Many researchers consider the soil abundant in microbiota o be analogous to a living
organism. Indeed, it has many qualities that can attest to such similarity. So this is soil
metabolism, consisting of numerous cycles of transformation and circulation of
elements. Has the ability to grow or soil formation and finally knows cases of disease –
that is, in the case of soil its degradation [18]. Therefore, the question arises whether
also in the case of the soil environment, the bioaugmentation can be a method that
allows stimulation of biological activity and development of microflora, i.e. factors on
which the soil fertility depends [19–24].

In this work, an attempt was made to verify the usefulness of the soil auto-inoculation
method with parent microflora to stimulate the development of soil microflora, the
activity of which was a determined by measuring the amount of live microbial biomass.

Material and methods

Three light soils were used for the tests; their parameters are presented in Table 1.
All soils belong to the agronomic category of light soils. They have a neutral or alkaline
pH and are generally characterized by high or medium content of available nutrients.

Native microorganisms were isolated from each of the tested soils by the method of
soil dilution culture. MPA medium was used for bacteria, Cyganov medium for
actinomycetes, and Rose bengal agar for fungi. Then the dilution dishes were selected,
in which the number of colonies was between 30 and 300 per one dish. Each of them
was flooded with 10 cm3 of MRD (maximum recovery diluent). After a few minutes,
the dishes were washed, transferring the washed solution to sterile flasks. Each of them
contained contents washed from 6 dishes. Then 20 cm3 sterile aliquots were transferred
from each flask to 200 cm3 medium and incubated in an incubator at 25–28 oC for
72 hours. BW medium – enriched broth – with the addition of Tween20 was applied for
bacteria, Cyganov medium with the addition of Tween20 for actinomycetes and MEB
medium – broth with wort – and addition of Tween20 for fungi was used for the culture.

The density was determined by densitometry by bacterial density in the inoculum
was 107 CFU, fungi 105 CFU and actinomycetes 105 CFU. The inoculum prepared in
this way (auto-inoculation, bioaugmentation) was applied to 1000 g samples of tested
soils in doses of 1, 5 and 10 % by weight, respectively. Soil moisture was adjusted to
60 % MWC (maximum water capacity). Soil samples were then incubated in the
laboratory for 56 days at 20 oC, correcting their humidity if necessary by controlling
water loss by weighing the samples. On days 1, 7, 14, 28 and 56, soil was collected
from each soil sample to determine the amount of live microbial biomass.

The amount of live microbial biomass in the soil was determined by the physio-
logical method SIR (Substrate Induced Respiration) developed by Anderson and
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Domsch. A 10 g soil sample was thoroughly mixed with glucose diluted with talc at
1 : 5 ratio. The amount of this mixture needed was previously determined for each soil
by determining the maximum initial respiration. The measurement was carried out using
an Ultragas U4S gas analyzer, recording the amount of carbon dioxide evolved in the
third hour of measurement. The amount of live microbial biomass in soil was calculated
from the formula [25]:

X = 40.4 � Y + 0.37 (1)

where: X – biomass of live microbial biomass [mg � 100 g–1 d.m. soil];
Y – maximal initial respiration, as CO2 produced by 100 g d.m. soil

Statistical interpretation of results was performed using the Statistica 12 software.

Results and discussion

The obtained results were subjected to multifactorial analysis of variance (multi-
factorial ANOVA), the summary of which is presented in Table 2. As the data in this
table indicate, highly significant differences were recorded for both the type of soil
(location) as well as the applied dose of the bioaugmentation, as well as for the length of
incubation period soil in the laboratory, i.e. for all experimental factors. The interaction
of soil type (location) and incubation time proved to be highly statistically significant,
which means that changes in the amount of live microbial biomass took place
differently in individual soils (locations).

Table 2

Analysis of variance for the obtained experimental results
(statistically significant values are marked in bold)

Effect F-Statistic p-Value

Total 14 892.04 0.000

Soil 212.22 0.000

Dose 19.39 0.000

Day 21.96 0.000

Soil � Dose 0.78 0.585

Soil � Day 26.42 0.000

Dose � Day 0.96 0.492

Soil � Dose � Day 0.84 0.677

The highest amount of live microbial biomass was found in soil from Stuchowo
(Fig. 1), which is probably due to the highest content of minerals in this soil [23]. At the
beginning of incubation, it contained about 2000 mg � 100 g–1 d.m. soil while at the end
of this period – about 1600 mg � 100 g–1 d.m. soil. In other soils, the amount of live
microbial biomass at the beginning of incubation was about 1400 mg � 100 g–1 d.m. soil.
and at the end about 800 mg � 100 g–1 d.m. soil. in the soil from Swierzno and just over
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1600 mg � 100 g–1 d.m. soil. in the soil from Kepica. On average, for the entire
experiment period, the amount of live microbial biomass in control soils compared to
the soil from Stuchowo was slightly more than 60 % in other soils. The content of live
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Fig. 1. Changes in the amount of live microbial biomass in tested control soils during incubation in
laboratory conditions

a) b)

c) d)

Fig. 2. Impact of soil incubation after inoculation on the content of live microbial biomass a) Swierzno,
b) Kepica, c) Stuchowo, d) average



microbial biomass in soil originating in Swierzno and Stuchowo gradually decreased
during incubation in the laboratory. This phenomenon is typical for soils incubated in
the laboratory, which during the establishment of experiment were subject to mixing,
moisturizing and other operations [24]. However, in the soil originating from Kepica,
the amount of live microbial biomass increased over time. Such a phenomenon is
observed in soil containing larger amount of organic substrate for microorganisms, e.g.
from crop residues [22].

Introduction of the inoculum into the soil caused an increase in the amount of live
microbial biomass. This phenomenon occurs most strongly in soil from Stuchowo,
especially in the initial incubation period. Inoculum doses of 1 % and 10 % in this soil
had the strongest effect. In the soil from Kepica and Swierzno, larger amounts of live
microbial biomass were also observed after bioaugmentation with 1 % and 5 %
inoculate doses being the strongest in the case of the latter. The average values for all
soils clearly indicate an increase in the amount of live microbial biomass in the first
incubation period, to about 10–15 days within 20–30 % compared to the control, and
then within 10–15 %. The effect of a 1 % inoculum dose increases markedly at the end
of soil incubation.

The average for individual inoculate doses calculated for all dates and locations
indicates a clear increase in the amount of live microbial biomass after the bio-
augmentation procedure (Fig. 3). Similar effects of 1 % and 5 % inoculum doses were
observed, which increased the amount of live microbial biomass in soil by 13.77 % and
13.75 %, respectively. A larger increase occurred after the application of 10 %
inoculum dose – it was 18.32 % compared to the control combination. As indicated by
the cluster analysis (Fig. 4), nature of the data obtained for the control combination
differs significantly from that obtained for soils subjected inoculation, which constitute
a separate cluster. This additionally confirms the significance of changes in the amount
of live microbial biomass in the soil after the treatment in question.
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Fig. 3. Impact of soil incubation on the content of live microbial biomass expressed as a percentage in
relation to the control



The average amount of live microbial biomass in the inoculation soil, calculated for
all applied inoculum and soil doses (locations), decreased gradually during the soil
incubation in the laboratory, reaching at the end of this period a value of slightly over
80 % compared to the values found at the beginning of this period (Fig. 5).

Individual soils used in the studies after inoculation were characterized by diverse
content of live microbial biomass (Fig. 6). The smallest amounts were found in soil
from Swierzno. In the soil from Stuchowo, this amount was almost 50 % higher. The
soil from Kepica occupied an intermediate position containing about 15 % more live
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Fig. 4. Cluster analysis results based on the content of live microbial biomass found for various inoculants

Fig. 5. Impact of soil incubation on the content of live microbial biomass expressed as a percentage in
relation to the first day of incubation



microbial biomass than the soil from Swierzno. Analysis of the increase in the amount
of live microbial biomass occurring as a result inoculation indicates similarity in the
reaction of microflora in all soils. This increase amounts to 116.15 %, 113.95 % and
115.75 % for the soil from Swierzno, Kepica and Stuchowo, respectively, compared to
the control combination.

The research conducted upon the reaction of soil inoculation with parent microflora
allowed to determine the increase in the amount of live microbial biomass in the soil. It
seems that this type of treatment leads to an increase in soil biological activity and may
cause an increase in soil fertility and productivity, which should be the subject of further
research.

Conclusion

1. During the incubation of soil in the laboratory, the amount of live microbial
biomass changed. In the case of soil from Stuchowo and Swierzno, this quantity has
been decreasing over time, while in the soil from Kepica, the content of live microbial
biomass increases during incubation. The highest amounts of live microbial biomass
were found in the soil from Stuchowo, the smallest in the soil from Swierzno.

2. Bioaugmentation causes statistically highly significant increase in the amount of
live microbial biomass in all soils tested. This increase changed during the soil
incubation and ranged from 20–30 % at the beginning to 10–15 % at the end for the
tested soils.

3. Bioaugmentation resulted in a significant increase in the amount of live microbial
biomass in the soil. It was close to 14 % for 1 % and 5 % inoculate doses, while
the 10% dose resulted in an increase in the amount of live microbial biomass by
nearly 20 %.
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Fig. 6. The impact of soil incubation on the content of live microbial biomass expressed as a percentage in
relation to the Swierzno location



4. The smallest increase in the amount of live microbial biomass after bio-
augmentation was found in soil from Swierzno, and then in growing order in soils from
Kepica and Stuchowo.
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