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Summary: The present study was carried out to investigate the influence of crop rotation and fertilization on the
number of different groups of microorganisms. Soil samples were taken from the following treatments: 1.
Monoculture of maize, 2. Maize - wheat (without fertilization), 3. Maize - wheat (with fertilization), 4. Maize - soybean
- wheat (with fertilization), 5. Pasture soil, 6. Forest soil under oak, from three depths: 0-10 cm, 10-20 cm, and 20-30
cm in May and October 2012. Microbiological analyses included the determination of total number of bacteria,
number of fungi, actinomycetes, aminoheterotrophs, and azotobacter. The number of investigated groups of
microorganisms was higher in May on average. Fertilization did not affect the number of investigated groups of
microorganisms. Crop rotation positively affected the total number of bacteria and the number of aminoheterotrophs

in soil under maize.
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Introduction

Soil is a complex dynamic system which consists of
solid, liquid and gaseous phase. Minerals and organic
matter are parts of the solid phase (Molnar, 2004). Soil
organic matter (SOM) makes only a few percent of the
soil total mass. The highest percentage of SOM is
humus. Microorganisms play a crucial role in the
processes of humification as well as in the cycles of macro
and micro nutrients (Cairney, 2000). The microbial
biomass also acts as a small but labile reservoir of nutrients
that contributes to maintaining long-term agricultural
sustainability (Bergstrom et al., 1998).

Soil  microorganisms are  important  to
agroecosystems. They are involved in key roles, such as
soil aggregate formation, soil humus formation, nutrient
cycling, decomposition of various compounds, and
other transformations (Wu et al, 2008). Soil
microorganisms constitute an active component of the
soil organic pool, controlling the breakdown of organic
matter and, hence, the release of nutrients and their
availability for other organisms (Klironomos et al,
2000). The microbial population in soil is very diverse.
Torsvik et al. (1994) calculated the presence of about
6,000 different bacterial genomes per gram of soil by
taking the genome size of Escherichia coli as a unit. Microbial
biomass is large: in a temperate grassland soil the bacterial
and fungal biomass amounted to 1-2 and 2-5 t per ha,
respectively  (Killham, 1994). The diversity and
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abundance of microorganisms in the soil far exceeds the
diversity of organisms in other ecosystems. The number
of microorganisms in different types of soil varies from
106 to 10° gt dry soil (Whitman et al., 1998). Just one
gram of soil can be a habitat for more than 10 trillion
microbes, with thousands of different types (Rosello-
Mora & Amann, 2001).

The composition of the microbial population in the
soil is the result of the interaction between soil types,
plant types and localization of the microorganism in the
thizosphere (Marschner et al., 2001). Numerous physical
and chemical properties of soil, such as carbon and
energy sources, mineral nutrients, growth factors, ionic
composition, available water, temperature, pressure, air
composition, electromagnetic radiation, pH, oxidation—
reduction potential, surfaces, plant species, interaction
between microorganisms, and other factors influence
the ecology, activity and population dynamics of
microorganisms in soil. These environmental factors can
change markedly, and so microhabitats in soil are
dynamic systems (Pinton et al., 2001).

The number of certain groups of microorganisms
and their enzymatic activity depend on the variability of
soil properties as well as the level of anthropogenic
influences (Nannipieri et al., 2003). Cinnadurai et al.
(2013) showed that fertilizers can affect the function,
community  structure, and population of soil
microorganisms in long-term fertilizer experiments.
Fertilization usually strongly favours the accumulation
of bacterial residues (Murugan & Kumar, 2013) and
increases soil microbial biomass (Kaur et al., 2005;
Ebhin Masto et al., 2006). Giller et al. (1998) reported
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that no relation exists between microbial diversity and
decomposition of organic matter, and a reduction in any
group of species has little effect on overall soil process
because the surviving microorganisms can carry out the
decomposition of organic matter. On the other hand,
many authors argued that the amount and the type of
SOM had a significant impact on the microbial biomass in
soil (Grayston et al, 2001). Vast majority of soil
microorganisms use otrganic sources of nutrients and
energy. Therefore, soils with higher SOM content have a
more diverse and developed microbial population (Bo Liu
etal., 2007).

The present study was carried out to investigate the
influence of fertilization and crop rotation on the
number of different groups of microorganisms.

Material and Methods

Soil samples for microbiological analyses were taken
from the following treatments: 1. Monoculture of maize
(MO), 2. Maize - wheat (without fertilization, NF2), 3.
Maize - wheat (fertilization pattern: 120 kg/ ha N under
maize and 100 kg/ ha N under wheat, F2), 4. Maize -
soy - wheat (fertilization pattern: 120 kg/ ha N under
maize, 100 kg/ ha N under wheat, microbial fertlizer NS
-Nitragin under soy, manure 25 kg/ ha, F3), 5. Pasture
soil (P), and 6. Forest soil under oak (F). Soil samples
were taken from three depths: 0-10 cm, 10-20 cm, and
20-30 cm in May and October of 2012. The experiment
was conducted on the field of the Institute of Field and
Vegetable Crops, Novi Sad, in Rimski Sanéevi.

The total number of bacteria (TNB), the number of
aminoheterotrophs ~ (AMH), azotobacter (AZB),
actinomycetes (ACT) and fungi (FNG) were
determined by the method of agar plates (Trolldenier,
1996). Appropriate nutrient media were used (Hi Media
Laboratories Pvt. Limited, Mumbai, India): nutrient
agar for the total number of bacteria, synthetic agar for
the number of actinomycetes, potato dextrose agar for
the number of fungi, meat peptone agar for the number
of aminoheterotrophs, and azotobacter medium with
mannitol for the number of azotobacter.

The data were statistically processed using
STATISTICA 10 software. The significance of the
difference between the applied treatments was
determined using Fisher’s LSD test.

Results and Discussion

Fertilization is the most common management of
agricultural soils. It can influence the biomass, activities,
and diversity of the soil microbial community in different
ways as different groups of microorganisms could vary in
their ability to process the various nutrient forms found in
soil (Wei et al., 2008). Microorganisms appear to be very
sensitive to management practices such as mineral fertilizer
and manure addition (Walsh et al., 2012).

Results of the study are presented in Tables 1 and
2. In this study, fertilization did not positively affect the
total number of microorganisms. Statistically significant
higher number of microorganisms was recorded in the
treatment without fertilization in comparison to other

Table 1. Number of microorganisms in soil in May 2012. (log No/ g soil)

Treatments Depth (cm) TNB™ FNG ACT AZB AMH
0-10 8.7t 5.20b 531 320b 8.6 cdctgh
MO 10-20 8.5¢ 48cder 500 330 8Ibcdety
20-30 768 46dete 510 3.4a 83%gh
0-10 9.9a 520 48b.c 3.3u0 85cdefgh
NF2 10-20 9.8 520b 46¢ 330 7.7h
20-30 9.5b 520b 49ab.e 3.1 85cdetgh
0-10 9.8 520b 4.8b.c 330 10.20
F2 10-20 9.2¢d 520b 46¢ 33ub 9.1bcdef
20-30 9.2cd 520b 49ab.c 341 9.7 b
0-10 9.1ed 534 500 330 9.0bcdety
F3 10-20 9.2cd 51abe 49ab.c 330 9.0bcdety
20-30 8.7ef 51abc 49ab.e 344 8.4 fab
0-10 9.4 b 51abe 5080 27¢ 8.1ce
P 10-20 9.3hb.c 5.0mb.cd 4.8b.c 2.7¢ 9.5ub.¢
20-30 8.9 de 48cder 46¢ 25¢ 9.7 b
0-10 9.3be 44 ets 45 cd 0.84 9.5abe
F 10-20 9.1cd 43t 40¢ 0.84 9.4nbcde
20-30 8.8 42 424¢ 0.84 9.3nb.ede

* The different letter above the number indicates significant difference at P<0.05 according to Fisher's test
**AMH -aminoheterotrophs; AZB — Azotobacter; TNB- total number; ACT- actinomycetes; FNG- fungi;
% MO-monoculture of maize, NF2- maize-wheat (without fertilization), F2- maize-wheat (with fertilization), F3- maize-soy-wheat (with

fertilization), P- pasture soil, F- forest soil under oak.
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investigated treatments. Results analysis showed that
particularly the microbial biomass of fungi and
actinomycetes in soil was not affected by fertilization.
Also, statistical analysis showed that fertilization did not
exert a significant influence on the number of free-living
nitrogen fixing bacterium Agofobacter sp. Its number in
forest soil samples was less abundant which can be
explained by low soil pH. Duri¢ et al. (2004) studied the
same treatments and concluded that the highest
microbial activity was determined after maize cultivation
in system with three crops without fertilization.
Seremesi¢ (2012) also found that the treatments without
fertilization had much higher number of fungi in
comparison to the treatments with fertilization.
Contrary to our results, the change of bacterial
community structure by fertilizer had been observed in
several long-term field experiments (Sun et al., 2004;
Hatch et al., 2007). Similatly, in Ahmad et al. (2014),
fertilizer treatments significantly (P < 0.01) increased
microbial biomass nitrogen (MBN) and microbial
biomass carbon (MBC) with the maximum increase in
mixed application of farmyard manure and mineral
fertilizers treatment, both in surface and sub-surface
soil. The addition of organic and inorganic fertilizers in
an integrated form increased soil organic matter content
that provides a carbon source and other nutrients for
microbes (Courtney & Mullen, 2008) and altered the
biochemical properties of the soil by increasing
potentially mineralizable N and microbial biomass C
and N (Monaco et al., 2008). Also, an increase in the
enzyme activity was also observed after addition of

either NPK fertilizer or farmyard manure in a long-term
study (Kandeler et al., 1999).

In this study, the lack of effect of the fertilizers
application on the number of microorganisms can be
explained by the short time period of the experiment.
According to Crecchio et al. (2001), organic and
inorganic fertilizers are primarily used to increase crop
yield, and in short-term fertilizer experiments, they have
no significant effect on microbial community.

Crop rotation had a stimulatory effect on the total
number of microorganisms. There are studies reporting
higher variability in microbial communities in response
to different crop rotations (Fox & MacDonald, 2003;
Liu et al., 2008). Furthermore, our study showed that the
introduction of crop rotation with different levels of
fertilization  positively — affected the number of
aminoheterotrophs in  soil under maize during
vegetation period. Our results are in agreement with
numerous results (O’Donnell et al., 2001; Johnson et al.,
2003). Also, Kandeler et al. (1999) suggested the
favourable effects of organic manure application and
crop rotation on soil enzyme activities.

The number of investigated groups of
microorganisms varied with the depth of sampling. The
highest total number of microorganisms was determined
under maize monoculture at the depth from 20 to 30 cm
in October. Number of fungi decreased with the
increase of soil depth in treatments with maize
monoculture, pasture and forest soil. On average,
number of actinomycetes and aminoheterotrophs also
decreased in deeper soil layers. Statistically significant

Table 2. Number of microorganisms in soil in October 2012 (log No/g soil)

Treatments Depth (cm) TNB™ FNG ACT AZB AMH
0-10 73eF 5.1 b 46cdc 300 73 te

MO™ 10-20 73f 534 45d¢ 2,9b 7.3 fe
20-30 9.5ub 39 def 45dc 3.0ub 8.9 abcde
0-10 9.2ab.cd 5.0 ab 41¢ 2.9b 9.4ab

NF2 10-20 9.1ab.cd 47ab.cd 45d¢ 3.0ab 9.4ab
20-30 9.1ab.cd 41cder 41¢ 320 9.64
0-10 8.2cde 49ab 53abc 320 9.0abcd

F2 10-20 7.0f 4.6abcd 51abcd 30ab 8.1def
20-30 8.1def 49 b 47 bcde 3.0a0 8.6b.cde
0-10 730f 3.7¢f 51abcd 320 9.4ab

F3 10-20 730f 43bcdc 51ab.cd 33a 9.2ab.c
20-30 73af 40 cder 45dc 33a 9.0 ab.cd
0-10 8.6 b.c.d 5.0ab 51abcd 19¢ 8.0 s

P 10-20 8.1def 4.6abed 454 19¢ 82cdef
20-30 83cde 48 b 4.6cde 1.04 715
0-10 9.3 abe 40cdef 5.4 b 0.74 8.5b.cdc

F 10-20 9.4 b 41cdef 554 0.74d 8.9ubcdc
20-30 9.4 b 33f 49ab.cd 0.74 9.2ub.c

* The different letter above the number indicates significant difference at P<0.05 according to Fisher's test

**AMH -aminoheterotrophs; AZB — Azotobacter; TNB- total number; ACT- actinomycetes; FNG- fungi;
*#* MO-monoculture of maize, NF2- maize-wheat (without fertilization), F2- maize-wheat (with fertilization), F3- maize-soy-wheat (with

fertilization), P- pasture soil, F- forest soil under oak.
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increases were observed only for the number of
aminoheterotrophs in pasture soil in May and under
maize monoculture in October. The number of
Agzotobacter varied with the depth, but those differences
were not statistically important. The decline in bacterial
number with increasing depth observed in this study
agrees with that observed by Fierer et al. (2003). Also, in
Ekelund et al. (2001), bacterial numbers and biomass in
the profiles declined from about 20% to 1% from the
top to the bottom. According to Fierer et al. (2003), soil
resource availability is the main factor responsible for
the changes in microbial community composition
through the soil profiles. Soil pH, temperature, and
texture are not likely to cause differentiation of
microbial communities within the top 50 cm of profiles,
yet soil pH, soil texture, and average annual soil
temperatures are relatively constant within this range.
This could be an explanation for the small variation in
the number of the microorganisms in the different soil
depths in this study.

Conclusions

The results of the present study show that the
number of investigated groups of microorganisms in
May was, on average higher in relation to its number in
October. Crop rotation positively affected TNB in soil
under maize, especially in May, while fertilization
treatments did not influence significantly. Statistically
significant changes in the number of ACT and FNG
were not achieved in maize rhizospheric soil.
Fertilization did not have a significant influence on the
number of _Azotobacter sp. Crop rotation affected
positively the number of AMN. The number of all
investigated groups of microorganisms decreased with
the increase of soil depth though those changes were
not in the range of statistical significance.
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Uticaj dubrenja i plodoreda na brojnost mikroorganizama u zemljistu

Dragana Stamenov - Simonida Duri¢ - Timea Hajnal Jafari - Srdan Seremesi¢

SaZetak: Ova istrazivanja su sprovedena da bi se ispitao uticaj plodoreda i dubrenja useva na brojnost razlicitih grupa
mikroorganizama. Uzorci zemljista su uzeti iz sledeceg tretmana: 1. monokultura kukuruza, 2. kukuruz - psenica (bez
dubrenja), 3. kukuruz - psenica (sa dubrenjem) 4. kukuruz - soja - psenica (sa dubrenjem), 5. zemljiste pasnjaka, 6.
sumsko zemljiste pod hrastom, iz tri dubine: 0-10 cm, 10-20 cm i 20-30 cm, u maju i oktobru 2012. godine.
Mikrobioloskim analizama je odreden ukupan broj bakterija, broj gljiva, aktinomiceta, aminoheterotrofa i brojnost
Agzotobacter-a. Broj ispitivanih grupa mikroorganizama je u proseku bio veéi u maju. Pubrenje nije izazvalo statisticki
znacajne promene u brojnosti ispitivanih grupa mikroorganizama. Plodored je pozitivno uticao na ukupan broj
bakterija i broj aminoheterotrofa u zemljistu pod usevom kukuruza.

Kljucne reci: dubrenje, kukuruz, mikroorganizmi, monokultura, plodored, psenica, zemljiste
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