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Summary

The aim of this paper is to determined dynamics and vertical distribution of nutrients
and microbial communities in calcocambisol and terra rossa in natural lawns in
Mostar district (Bosnia and Herzegovina). The main research was focused on total
number of bacteria, actinomycetes, fungi, free-living nitrogen fixers, ammonifiers
and Azotobacter sp., as well as on the chemical properties of soils. Microbiological
and chemical properties of soils were determined during the 2011 in different depths
using the standard methodology. Chemical analyses of the examinated soil showed
the acid pH value, poor to moderate humus content, as well as total N and available

P and K. Results of research confirm the strong influence of season of sampling,

soils depth and their interaction on microbial activity. Number of microorganisms
was controlled by pH value, humus and total nitrogen content, soil moisture and
temperature. In both soil types, total bacterial number was the highest in spring,
while number of fungi and actinomycetes was the highest in autumn. Azotobacter sp.
was only detected in surface layer of soils. These results confirm that understanding of
microbial, physical and chemical properties of soil and their interaction, which can be
controlled by human activities, is necessary for improvement of soil fertility.
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Introduction

Soil is the most suitable environment for life and develop-
ment of microorganisms, plants and animals. From soil popu-
lations, microorganisms are the most important because they
play significant role in humification and mineralization, and
they provide cycling of nutrients. Without microbes, soil could
be characterized as “senseless geological substrat® (Govedarica
and Jarak, 1995). Composition of microbial populations and its
number is controlled by biotic and abiotic factors, from which the
most important are soil reaction (pH), organic matter content,
moisture, temperature, oxygen content, soil types etc. Biogeneity
of soil is one of the parameters of soil fertility. The values of this
parameter are higher in soils with high organic matter content,
neutral pH and optimal availability of water and air (Jarak and
Colo, 2007). With temperature increase nutrients are available
for soil organisms (Sharma et al., 2006).

In subsurface layer, because of low oxygen content, microbial
activity decreases and delays nutrient cycling (Govedarica et al.,
1993). Previous researches show that decreasing of moisture lead
to decreasing of microbial activity from 15 to 66%, depending
on season and soil depth (Sardans and Penuelas, 2005). On the
other side, microorganisms by their activity in humification, oxi-
dation, reduction etc. change the physical and chemical proper-
ties (Tangjang and Arunachalam, 2009), as well as soil fertility.

The aim of this paper was determination of seasonal dynam-
ics, vertical distribution and microbial activity in soils under
natural lawns, as well as relationship between available nutri-
ents and abundance of microorganisms.

Material and methods

Samples for chemical and microbial analyses were taken from
calcocambisol and terra rossa, in natural lawns of Mostar pit
(Bosnia and Herzegovina). Sampling was performed on differ-
ent soil depth (0-30 cm and 30-60 cm) in March, July, October
and December of 2011. Microbial characteristics were deter-
mined by dilution method according to total bacterial number,
abundance of actinomycetes, fungi, free-living nitrogen fixers,
ammonifiers and Azotobacter sp. Total number of bacteria was
determined on 0.1XTSA, ammonifiers on meat pepton agar. On
Fyodor's agar was determined free-living nitrogen fixers number,
as well as the number of Azotobacter sp. Actinomycetes number
was determined on starch-ammonia agar and fungi on rose
bengal streptomycin agar (Peper et al., 1995). Microbial number
was expressed in CFU g'l. Chemical analyses involed determi-
nation of soil reaction (pH-1M KCIl), CaCOj; content (volumet-
rically), total nitrogen (Semimikro Kjeldahl, Bremner, 1996),
humus content (Simakov and Cipljenikov, 1960), and available
phosphorous and potassium (Al-method, Egner et al., 1960).
Soil temperature was measured directly by soil termometer in
depths. Moisture content was measured gravimetrically after 2
h-drying of samples on 105°C.

Results and discussion

Abundance and activity of microorganisms was controlled
by many factors, from which physical and chemical character-
istics of soils are among the most important factors (Jarak and
Colo, 2007).

Table 1. Soil reaction, CaCO; and humus content in
calcocambisol and terra rossa

Soil types Seasons  Depth  pH-KCl  CaCO; (%) Humus
(cm) (%)

Calcocambisol ~ Spring 0-30 6.75 17.01 4.21
30-60 7.08 21.24 2.68

Summer 0-30 6.28 12.78 3.15

30-60 6.62 17.12 1.85

Autumn  0-30 6.65 15.42 3.78

30-60 6.92 18.83 2.19

Winter 0-30 6.37 13.91 2.64

30-60 6.73 17.53 1.26

Terra rossa Spring 0-30 6.14 13.66 2.12
30-60 6.73 16.53 1.31

Summer  0-30 5.51 9.94 1.67

30-60 6.08 13.25 0.83

Autumn  0-30 6.06 11.93 1.89

30-60 6.55 14.96 0.96

Winter 0-30 5.65 10.18 0.24

30-60 6.14 13.55 0.38

Soil reaction has significant influence on abundance of some
microbial groups, as well as on humification and mineralization
process and soil fertility. Some microorganisms require neutral
pH reaction (bacteria), other acid (fungi) or alkaline (actinomy-
cetes). In our research season dynamics of soil reaction were
presented in Table 1.

Calcic cambisol belongs to neutral, while terra rossa to slightly
acidic to neutral soils. Soil acidity was the highest in terra rossa
during the summer (5.5). This can be linked with high concen-
tration of feric oxides and hydroxides in liquid phase of soil (data
not shown). In autumn, pH values were higher and in spring pH
values of soils were the highest. In both soils pH value was higher
in layer 30-60 cm, which can be linked with carbonates presence
in this layer (Table 1). Aydinalp and Cresser (2008) confirm that
pH value increases in subsurface layer.

Humus content was higher in calcocambisol compared with
terra rossa. According to Muckenhausen (1975) these soils belong
to slow (1-2) or intermediate (2-4) soils. The highest humus con-
tent was noticed in spring. In summer was observed decrease
of its content, in autumn was noticed increase and in winter its
content was the lowest. Humus content in layer 30-60 cm was
lower than in surface layer (Table 1). Similar dynamic was no-
ticed in total nitrogen content (table 2). These data were previ-
ously confirmed by Aydinalp and Cresser (2008), who suggested
that content of total N decreases in subsurface layer.

Available phosphorus was presented in Table 2. Its content
in both soil types was the highest in autumn. In subsurface layer
its content was lower than in surface layer, especially in terra
rossa with values from 14.26 to 3.64 mg/100 g soils. Similar re-
sults were observed by Aydinalp and Cresser (2008).

Different content of available potassium was registred in both
soil types. The highest content of it was observed in autumn,
while in winter it was the lowest. In subsurface layer its content
is lower than in layer 0-30 cm (Table 2). Similar conclusion was
previously described by Aydinalp (1996) and Aydinalp (2001).
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Table 2. Total nitrogen, available P and K in calcocambisol
and terra rossa

Table 3. Temperature and moisture in calcocambisol and
terra rossa

Soil types Seasons  Depth  TotalN  P.0s K0
(cm) (%) (mg/100 g) (mg/100 g)

Calcocambisol ~ Spring 0-30 0.26 16.36 17.42

30-60 013 7.84 8.24

Summer 0-30 0.19 15.52 18.21

30-60  0.09 6.78 8.76

Autumn  0-30 0.23 17.25 19.3

30-60  0.11 8.76 9.57

Winter  0-30 0.12 14.84 15.83

30-60  0.07 6.1 7.77

Terra rossa Spring 0-30 0.14 13.63 14.26

30-60  0.06 4.88 7.01

Summer 0-30 0.09 12.45 15.18

30-60  0.04 4.1 7.54

Autumn  0-30 0.12 14.26 16.1

30-60  0.05 5.75 8.0

Winter  0-30 0.06 11.61 12.84

30-60  0.03 3.64 6.64

Soil temperature was the highest in summer and the lowest
in winter. Amplitude of temperature in spring and autumn was
very low (about 1.5°C). Soil temperature decreased with depth,
except in winter (Table 3).

Moisture content in surface layer of both soils type was the
highest in autumn and the lowest in winter. In subsurface layer
soil moisture was lower than in surface layer (Table 3).

Number of microorganisms is one of the parameters of soil
biogeneity and it is controlled by soil properties and rate of an-
thropogenic activities (Redzepovic et al., 1991). Soil microbes
significantly affect physical, chemical and biological properties
of soil (Tangjang and Arunachalam, 2009).

Based on obtained results, both soil types in Mostar pit were
characterized by moderate biogeneity in surface layer, lower bio-
geneity in subsurface layer, which is in coordinance with other
papers (Redzepovic, 1985; Redzepovic et al., 1991; Vukmirovic
et al., 1985; Sikora, 1990; Sikora, 1996).

Soil types seasons  Depth  Temperature Moisture
(em)  (°0) (%)
Calcocambisol ~ Spring 0-30 14.2 26.1
30-60 12.1 19.8
Summer  0-30 24.5 223
30-60 223 21.4
Autumn  0-30 15.6 329
30-60 13.5 25.7
Winter 0-30 4.8 15.2
30-60 6.3 11.5
Terra rossa Spring 0-30 13.9 252
30-60 12.1 18.6
Summer  0-30 24.0 21.4
30-60 21.8 20.2
Autumn  0-30 15.2 31.6
30-60 13.3 24.1
Winter 0-30 4.4 14.4
30-60 5.7 10.4

Seasonal dynamic of bacterial number showed large oscilla-
tion and was influenced by time of sampling (Table 4).

The highest total number of bacteria in surface layer of
both soil types was noticed in spring and the lowest in summer
(Table 4). Vertical distribution of bacteria was controlled by soil
temperature, moisture and availability of nutrients. Total bac-
terial number was higher in surface layer compared with sub-
surface layer.

Fungi in soil play important role in degradation of plant poly-
mers. The highest number of fungi was recorded in autumn in
both soil types, while the lowest was noticed in winter (Table 4).
In subsurface layer, number of fungi was lower compared with
surface layer, which is in accordance with previous researches
(Bossio et al., 2005; Kennedy et al., 2005).

Actinomycetes are aerobic, alkalophilic microorganisms.
They require dry soils, thus their number is the highest in sur-

Table 4. Seasonal abundance of total number of bacteria, fungi and actinomycetes in calcocambisol and terra rossa

Soil types Seasons Depth (cm) Total number of bacteria Fungi Actinomycetes
(CFUx10%™") (CFUx10°g™") (CFUx10'g™")
Calcocambisol Spring 0-30 41.2 18.5 37.8
30-60 22.6 8.5 18.8
Summer 0-30 12.3 21.3 22.5
30-60 5.6 10.1 10.5
Autumn 0-30 28.7 28.7 47.3
30-60 14.2 13.7 5.7
Winter 0-30 18.7 14.2 10.2
30-60 10.3 6.8 5.7
Terra rossa Spring 0-30 353 16.4 342
30-60 18.9 7.2 16.5
Summer 0-30 10.2 18.9 11.1
30-60 4.8 8.9 9.4
Autumn 0-30 22.9 25.6 43.4
30-60 12.8 12.6 21.6
Winter 0-30 15.3 11.8 5.5
30-60 8.6 4.9 4.4
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Table 5. Seasonal abundance of Azotobacter sp., ammonifiers and free-living nitrogen fixers in calcocambisol and terra rossa

Soil types Seasons Depth (cm) Azotobacter sp. Ammonifiers Free-living nitrogen fixers
(CFUx10°g™) (CFUx10%g™) (CFUx10'g™)
Calcocambisol Spring 0-30 15.3 46.1 47.7
30-60 - 22.8 25.2
Summer 0-30 39 174 18.4
30-60 - 8.9 9.7
Autumn 0-30 11.6 37.3 41.2
30-60 - 19.0 23.4
Winter 0-30 7.5 23.5 28.4
30-60 - 12.1 15.2
Terra rossa Spring 0-30 12.4 39.8 41.3
30-60 - 19.3 21.3
Summer 0-30 2.2 11.3 12.6
30-60 - 59 6.6
Autumn 0-30 9.5 30.5 33.6
30-60 - 14.6 17.5
Winter 0-30 6.1 17.2 20.5
30-60 - 8.7 11.1
face layer of soils in autumn. Similar trend was recorded in our Conclusion

research. The highest number of actinomycetes was noticed in
autumn in both soil types, while the lowest number was observed
in winter (Table 4). Lower abundance of actinomycetes in terra
rossa can be linked with low pH value. Number of actinomy-
cetes decreased with soil depth, which was confirmed by other
authors (Wu et al., 2005).

Number of Azotobacter sp., ammonifiers and free-living ni-
trogen fixers is presented in Table 5. In spring, the number of
ammonifiers was the highest in both soil types, regardless of
the soil depth. These data show that presence of ammonifiers in
soil was influenced by time of sampling, soil temperature and
moisture. According to Alexander (1977) number of ammoni-
fiers is controlled by type of substrates, environmental factors,
soil type, rhizosphere, as well as nutrient availability (Blazinkov
et al., 2005).

The highest abundance of free-living nitrogen fixers was
noticed in spring in both soil types, while in summer it was the
lowest (Table 5). This can be linked with mediteranean climate,
characterized with optimal temperature and precipitation during
the spring and high temperatures with absence or low precipita-
tion in summer. Also, lower abundance of free-living nitrogen
fixers in terra rossa can be linked with unfavorable chemical
properties of this soil type.

Azotobacter sp. presence was only noticed in surface layer of
both soil types (Table 5). In both soil types its presence was the
highest in spring and lowest in summer. Absence of Azotobacter
sp. in depth of 30-60 cm was previously described (Alexander,
1977; Kalinovic, 1975; Sikora, 1996). Azotobacter sp. requires wet
and aerated soils and represents one of the parameters of soil
fertility (Govedarica, 1986). Good presence of Azotobacter sp.
in soils can be connected with good aeration of soils and root
exudates, which are sole carbon and energy source. Previous re-
search suggest that rhizosphere is main zone of nitrogen fixa-
tion (Killham, 1994).

Results of this research show that microbial activity of soils
was moderate in surface layer, while in subsurface layer was
poor. Improvement of unfavorable chemical properties is nec-
essary for better activity of microbial populations and intensity
of microbial transformation in soils. Understanding of micro-
bial, physical and chemical properties of soil and their interac-
tion, which can be controlled by human activities, is necesary
for improvement of soil fertility.

References

Alexander, M. (1977). Introduction to Soil Microbiology. John Wiley
and Sons, New York.

Aydinalp, C. (2001). The effect of different geomorphological posi-
tions on terra rossas in northwestern Turkey: Soil characteris-
tics and pedogenesis. 7th International Meeting of Soils with
Mediterranean Type of Climate, Bari, Italy, 23-28 September
2001,pp. 136-139.

Aydinalp, C. (1996). Characterization of the main soil types in the
Bursa province, Turkey. PhD Thesis,The University of Aberdeen,
Aberdeen, UK.

Aydinalp C., Cresser, M.S. (2008). Red soils under Mediterranean
type of climate: their properties use and productivity. Bulgarian
Journal of Agricultural Sciences 14: 576-582.

Blazinkov, M., RedZepovi¢, S., Jug, D., Zugec, 1. (2005.): Utjecaj
razli¢ite obrade na mikrobnu populaciju tla. Zbornik radova
XL. znanstvenog skupa hrvatskih agronoma, Osijek, 407-408.

Bossio, D. A., Girvan, M. S., Verchot, L., Bullimore, J., Borelli,

T., Albrecht, A., Scow K. M., Ball, A. S, Pretty, J. N., Osborn,
A. M. (2005). Soil microbial community response to land

use change in an agricultural landscape of Western Kenya.
Microbial Ecology 49, 50-62.

Bremner, J. M. (1996). Nitrogen-total, In:«<Methods of soil analysis«,
Part3-Chemical Methods, SSSA book series 5, p. 1085-1121. Am.
Soc. Agronomy. Medison, Wisconsin, USA.

Egner H., Riehm H., Domingo W. (1960): Unterschuchungen iiber
die chemische Bodenanalyse als Grundlage fiir die Beurteilung
des Néhrstoffzustandes der Boden II. Chemische Extraktions-
methoden zur Phosphor- und Kaliumbestimmung. Kungliga
Lantbrukshogskolans Annaler 26: 199-215.

acs

Agric. conspec. sci. Vol. 78 (2013) No. 2



Seasonal Dynamic and Vertical Distribution of Microorganisms and Nutrients in Soils of Mostar Pit (Bosnia and Herzegovina)

Govedarica, M. (1986). Azotofiksatori i njihova aktivnost kod kuku-
ruza. Doktorska disertacija. Poljoprivredni fakultet, Univerzitet
u Novom Sadu, Novi Sad.

Govedarica, M., Jarak, M. (1995). Mikrobiologija zemljista, izd.
Poljoprivredni fakultet, Univerzitet u Novom Sadu, Novi Sad,
1-212.

Govedarica, M., Jarak, M., Milosevié, N. (1993). Mikrobioloske
karakteristike zemlji§ta Vojvodine. U: Kastori Rudolf (ur.).
Teski metali i pesticidi u zemlji§tima Vojvodine, Novi Sad.
Poljoprivredni fakultet — Institut za ratarstvo i povrtarstvo,
Novi Sad, 259-268.

Jarak M., Colo J. (2007): Mikrobiologija zemljita. Poljoprivredni
fakultet, Novi Sad.

Kalinovi¢, D. (1975). Sezonska dinamika mikropopulacije nekih pri-
rodnih i antropogenih tala Slavonije i Baranje, Magistarski rad,
Beograd.

Kennedy, N. M., Gleeson, D. E., Connoly, J., Clipson, N. J. W.
(2005). Seasonal and management influences on bacte-
rial community structure in an upland grassland soil. FEMS
Microbiology Ecology 53, 329-337.

Killham, K. (1994). Soil Ecology. Cambridge University Press,
Cambridge.

Muckenhausen, E. (1975). Bodenkunde. Frankfurt am Main.

Peper, I. L., Gerba, C. P.,, Brendencke, J. W. (1995): Environmental
Microbiology. Acad. Press, San Diego. p 11-33.

Redzepovi¢, S. (1985). Mikrobiologka studija tala OOUR
“Poljoprivreda” Daruvar, RO “Poljoprivreda”, SOUR
“Podravka”- Koprivnica. Zagreb.

Redzepovié, S., Sertié, D., Sikora, S. (1991). Agropedoloska studija
R.J.Senkovac, (mikrobioloski dio), Fakultet poljoprivrednih zna-
nosti, Institut za agroekologiju, Zagreb.

Sardans, J., Penuelas, J. (2005). Drought decreases soil enzyme
activity in a Mediterranean Quercus ilex L. forest. Soil Biology
and Bioshemistry 37, 1455-461.

Sharma, S., Szele, Z., Schilling, R., Munch, J. C., Schloter, M. (2006).
Influence of freeze-thaw stress on the structure and function
of micr obal communities and denitrifying populations in soil.
Aplied and Environmental Microbiology 72, 2148-2154.

Sikora, S. (1990). Microbiological characteristics of anthropogenic
soils in western Slavonia (Croatia). MSc thesis, Novi Sad, Serbia.

Sikora, S. (1996). Symbiose capability of natural population of
Bradyrhizobium japonicum isolated from some soils in western
Slavonia. PhD thesis, Zagreb.

Simakov V. N,, Cipljenikov, V. P. (1960). Modifikacija objom-
novo metoda opredeljenija gumusa (dlja masovih analizov),
Poc&vovedenie, br. 9, Moskva.

Tangjang ,S., Arunachalam, K. (2009). Microbial population
dynamics of soil under tradi-tional agroforestry systems in
Northeast India. Research Journal of Soil Biology 1, 1-7.

Vukmirovi¢,M., Todorovi¢, M. Bogdanovi¢, V. (1985). Uticaj
razli¢itih tipova vegetacije na sezonsku zastupljenost nekih mik-
roorganizama u pseudogleju. Mikrobiologija 22, 1, 73-84.

Wu, N,, Pan, B. R., Zhang, Y. M. (2005). Vertical distribution pat-
terns of soil microorganisms relating to biological crusts in the
Gurbantunggut desert, Xinjiang. Applied and Environmental
Biology 11(3): 349-353.

acs78_14

acs

Agric. conspec. sci. Vol. 78 (2013) No. 2

111



