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Abstract

The aim of this research was to establish the influence of two tillage systems: one without
ploughing, and one with conventional tillage, upon soil microorganisms. The experiment was carried
out on the farm of Brezovo, in two variants - control, with applied conventional tillage and a second
variant — without ploughing, on an area of 200 dk for each variant. The soil type of the field is sandy -
clay, with medium to high cation exchange capacity.

The nitrate nitrogen content was determined colometrically and spectrophotometrically for
phosphorus and potassium. The ratio of carbon to nitrogen was measured twice - before sowing and
during harvest time. The amount of total bacterial and fungal microflora, as well as the ratio of active
bacteria and fungi was monitored. Based on the obtained results, it was found that the numbers of the
total bacteria and fungi is higher in the variant without ploughing, compared to the control sample.
The same trend is maintained in the quantitative ratio of active fungi and bacteria. Reduced tillage
systems create better conditions for the development of the studied groups of microorganisms, compared
to conventional cultivation technologies.

Key words: tillage system, microbial biomass, roof crops

INTRODUCTION together with water content, temperature and

aeration of the soil influenced the intensity of all

Different tillage systems are important microbiological processes. (Feng et al., 2003;

for the effective and sustainable management of Han et al., 2007). Soil productivity is strongly
agricultural ecosystems. The methods of soil influenced by soil microbial communities.
cultivation affect its performance; they could Qualitative and quantitative changes in the
worsen, stabilize or improve the soil fertility. In population of soil microorganisms reflect
recent years, the interest in soil management and changes in soil fertility (Sharma et al., 2010).
improving of soil productivity has grown The structure of a microbial community is
significantly. One of the ways to achieve these characterized by its mass, abundance, and
goals is to replace conventional tillage with richness. According Wang et al. (2018) no-
alternative cultivation techniques. They are tillage cultivation has proved to increase the soil
defined as conservation agriculture, which microbial community (Gouaerts et al. 2007). In
includes non-tillage or reduced soil tillage many cases, both bacteria and fungi were more
systems. Reduced abundant under no-tillage than conventional till-
tillage is used to preserve soil fertility age (Helgason et al. 2009). In no-tillage

and to minimize mechanical disturbances in the systems, fungi domination was frequently
soil, erosion and agricultural production costs found, and the residue was mainly decomposed
(Peigné et al. 2007, Alguacil et al. 2008, Ceja- by the fungal community (Spedding et al. 2004,
Navarro et al. 2010). The applied technologies, Gouaerts et al. 2007). Bacteria were generally
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considered to be the predominant decomposers
of incorporated crop residues under
conventional tillage (Nicolardot et al. 2007).
The abundance and activity of microorganisms
can lead to losses of nitrogen (N), changes in
plant growth and development, to the rate of
decomposition of organic carbon (C) in the soil,
etc. This affects the mineralization of available
nutrients and the efficiency of the nutrient cycle.
The increased interest in reducing soil tillage
techniques in the future is a good alternative to
improve soil fertility, prevent soil erosion,
reduce production costs, and maintain
sustainable agro ecosystems. (De Vita et al.,
2007).

The main goal of this research was to
investigate the effect of conventional and
reduced tillage technologies, upon changes of
soil bacteria and fungi in sunflower.

MATERIALS AND METHODS

A field trail was conducted during the
vegetation season 2019-2020 at a private farm
near the town of Brezovo. The experiment was
set up in two variants with conventional tillage
and non -tillage, each with an area of 200 dk.

Variant 1: without tillage. For the weed
control a total herbicide was applied at rate of
250ml/dk during autumn. A green fertilization
was made with an oat composition 6 kg/dk and
0.5 kg/mustard seeds, applied at 4 cm depth.
Before sowing, a total herbicide was applied in
combination with liquid nitrogen fertilizer -
UAN 38, and during sowing - NP 20/20 + 15
SOs fertilizer was used, at a rate of 15 kg/dk.

Variant 2: conventional tillage. The field
was ploughed into 25cm depth during the
autumn of 2019, followed by a double treatment
of 4 cm at the spring. The fertilizers NP 20/20
and ammonium nitrate were applied at 15 kg/dk
and 20kg/dk respectively, before the sowing of
sunflowers.

In both variants, high oleic Clearfield
hybrid, Talento, Syngenta selection sunflower
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was used. The hybrid has early flowering and a
high yield potential, highly tolerant to lodging.
This variety is suitable for intensive cultivation,
medium early hybrid with a stem height of 160
cm, fat content- 48%, and oleic acid potential -
91%.

The seed rates for variant 1 was 6700
seeds/dk, and for variant 2 it was 5500 seeds
/dk,. During the vegetation period, for weed
control the applied herbicides were: Listego -
130 ml/da (40g /I imazamox) and Ordago SK -
110 ml/da (pendimethalin 400g/l), and Listego -
120ml/dk for variant 2.

The trial period included time with
different average temperature and low quantity
of precipitation, throughout the vegetation
period (Tablel).

Table 1. Weather conditions

Period of Average Rainfall
report Air TC® 1/m?

1. | Before 9.97 0.135
sowing

2. | Flower 20.37 0.245
buds

3. | Harvest 24.67 0.011

Soil sampling and analysis

The soil samples were taken from 0-10
cm in depth, three times - before sowing, on
phase flower buds - R4 and during harvest
(Robinson, 1981). Soil texture composition was
measured by near infra red method (see Table
2).

Table 2. Soil Texture and Property

Varia |Sand  [Silt Clay |Available |Drainage

nt % % % Water Rate

1 21,04 | 42,25 | 36,71 |Mediumto |Slow
Low

2 25,25 | 44,03 | 30,72 |Mediumto |Mediumto
high slow

The values of the soil reaction are
measured according to the international
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standard 1SO 10390. Nitrate nitrogen (NO3 - N)
was determined by colometric analysis as a
result of extraction with a solution of calcium
sulphate. The phosphorus content was measured
by the method of OLSEN,
spectrophotometrically  and the potassium
content is determined by Inductive Plasma
Analyzer (Table 3).

Microbiological analyses

Microorganisms were measured
according to the dilution method and by planting
on a selective nutrient media. Their quantity is
represented as column forming units — (cfu) in
1g of soil.

Table 3. Available nutrition elements and pH

Variant | pH | Nitrate | Available | Available P u
N | Mgppm K
mg/kg ppm
NOs3-N MgO P.Os | KO
1 6.7 8.0 525 12 293
2 7,0 11,0 436 8 310

The analysis was performed in the
Lancrop laboratory, Great Britain.

RESULTS AND DISCUSSION

Climatic ~ conditions  during the
sunflower vegetation are one of the main factors
determining the dynamics of the soil microflora.
The average daily temperature is optimal and
varies from 10°C in March to 25°C in August.
The study period is characterized by a very low
rainfall, ranging from 0.13 to 0.25 I/m?, which
reduces the moisture content of the soil and
leads to permanent drought. Both variants are
characterized by alluvial-meadow soil type,
with sand content of 23.55% and 32.61% clay
particles (Table 2). The percentage of alluvial
particles determines the main properties of the
soil related to its ability to retain water and
nutrients, its drainage, its ability to warm and the
risk of erosion. Due to the light mechanical
composition and the low moisture content, these
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fields suffer from drought. The physicochemical
parameters for the two variants are similar. One
of the most important factors that have a direct
impact on the soil microbial community is the
soil reaction. It can affect abiotic factors such as
the availability of carbon, nutrients, metal
solubility, etc. In addition, soil pH can also
control biotic factors such as the composition
and amount of biomass of fungi and bacteria,
both in agricultural and in forest soils. The data
obtained from the analysis of the two variants
show that the reaction of the medium is neutral
with a slight range of variation (Table 3). This
similarity in the reaction in the two variants
minimizes the effect of the different tillage
systems. Nitrate nitrogen and digestible
phosphorus levels are low for both samples.
Magnesium maintains very high levels, which
can suppress the normal absorption of
potassium, whose values are in the high range.
These nutrient data show minimal differences
between the two tests variants. The dynamics of
development of total number of bacteria is
present in Fig.1.

Total Bacteria(ug/g)
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600
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200 I I
0

B before sowing M phase R 4 @ harvest

Fig.1. Number of total bacteria

It can be seen that their quantity is
relatively constant for the first two periods of the
study. There was a delay in their development,
which is probably due to the permanent drought,
due to the scarce amount of rainfall in May,
June, and July. At the end of vegetation there is
an increase in the population of bacteria.
Positive changes are observed in the last phase
of the development of the culture, as with the
arable technology the number of bacteria
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reaches 790 ug/g, compared to variant 2, where
an amount of 698 ug/qg is reported.

It was found that the C:N ratio affects the
rate of mineralization of organic matter in the
soil. Our research shows that in Variant 1 this
ratio is 11:1, and in Variant 2, respectively 10:1.
These insignificant differences are probably an
explanation for the close values of the studied
microorganisms and the yield obtained. The
results, obtained for the development of active
bacteria are presented in Fig. 2.

Active bacteria ( ug/g)
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Fig.2. Number of active bacteria

phase R4

Fig. 3. presents the results in the
dynamics of development of active to total
bacteria. Higher levels of bacterial activity lead
to an increase in beneficial bacterial
populations. In Variant 2, a ratio below the
optimal range is observed, which shows that
anaerobic species predominate in the soil, while
in Variant 1 these levels are lower.

Active/Total bacteria ( ug/g)
0,12
0,1
0,08
0,06

0,04
0,02

B before sowing

Fig, 3. Active to total bacteria ration

phase R4

Several authors report that the rate of
decomposition of organic matter by soil
microscopic  fungi  decreases after the
application of nitrogen fertilizers (van
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Groenigen et al., 2007). The presence of organic
substances with a high C/N ratio stimulates the
participation of fungi in the mineralization of
substances. The dynamics in the development of
a total number of microscopic fungi is presented
in Fig. 4. The rate of fungal development in both
variants is insignificant, especially during the
last two reporting periods. To a large extent, it
remains strongly inhibited by the lack of
moisture in the soil.

Total Fungi( ug/g)
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Fig.4. Number of total fungi

Active fungi are involved in the
breakdown of complex carbon compounds,
maintain soil structure and retain nutrients in the
soil, making them available for uptake by plants.
In the non-arable variant, the amount of active
fungi during the first period is the largest, which
is probably due to the used cover culture and the
higher carbon to nitrogen ratio (Fig.5). In
Variant 2, the values of the fungal microflora are
low for the whole period of the study.

A number of studies show that tillage
affects the biomass ratio of fungi and bacteria.
In most cases, bacteria dominate conventional
tillage, while fungi dominate No-till systems.
This is suggested to be due to the direct contact
between bacteria and substrate in conventional
tillage, which stimulates bacterial growth (Beare
et al., 1997). During this tillage, the hyphae of
the fungus are torn and they can be suppressed
in their growth.
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Fig.5. Number of active fungi

Higher ratios of fungi to bacteria are
indicative of a more sustainable agro-ecosystem
with a lower environmental impact, in which the
decomposition of organic matter and the
mineralization of nitrogen dominate in the
supply of nutrients to plants. The obtained
results (Fig.6.) show insignificant dominance of
bacteria over microscopic fungi, which show the
joint influence of abiotic and biotic factors on
the quantitative changes of the soil fungal and
bacterial microflora.

Active Fungi / Active bacteria (ug/g)
1,5
1
0,5 —
0
M before sowing M phase R4 m harvest

Fig.6. Numbers of active fungi to active
bacteria

CONCLUSIONS

Based on the study, it was found that
non-arable technology increases the amount of
both the total and active number of bacteria and
fungi, compared to arable technology.

The obtained data confirm the
information that the reduction of tillage leads to
an increase in the amount of microorganisms in
the soil and does not reduce the yield.
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The effect of the applied technology on
the development of microorganisms in
sunflower is positive.
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