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Abstract

In the Institute of Agrochemistry and Soil Science from Debrecen University of Hungary (UD)
some microbiological characteristics of three different soil types, with different plant crops were
examined during 2 years (2019-2020), in spring and autumn. Examined soil types were: (1.)
Chernozems with corn (Triticum aestivum L.); (2) Arenosols, with fruit (Prunus cerasus L.) and (3)
Solonetz with grassland.

The highest number of total soil bacteria was found in Chernozem soil under wheat crop
(13.20*10% g1, the highest quantity of microbial fungi (9.93*10° g1), and dehydrogenase activity
(240.32 ug INTF gt soil 2 ht) was found in Solonetz soil, which is an uncultivated soil (pasture). One
of the main parameters of the soil biological characteristics is the CO2 production of the soils, which
was the highest on the Chernozem soil and the lower on the Humus of sandy soil.

During the correlation tests, the most close correlation was demonstrated between the
parameters of the Solonetz soil (dehydrogenase enzyme — number of microscopic fungi; r = 0.909;
0.955; total bacterial number - soil respiration; r = 0.830; 0.885). Medium and close correlation were
found between the soil moisture content and the total number of bacteria in case of Solonetz and
Chernozem soils.

Regarding the seasonality, higher abundance of total bacteria was measured in spring and in
autumn, moreover the number of fungi, dehydrogenase activity and CO2 production were higher in the
soils.

Based on the measured microbial properties of the soil, this study proved that the biological
activity of the soil remained more intense in the Solonetz soil. This is due to the fact that it is located
on a natural pasture, undisturbed by agricultural works, which are specific to arable and horticultural
Ccrops.
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INTRODUCTION

Nowadays, the environment is under different stress, to which
agricultural production also contributes significantly (Marselek, 2006).
Industrial agricultural production has resulted in increased environmental
damage, and one of the subjects of this process is the soil (Hernandez et al.,
2021). In the production area the organic matter content is decreasing, which
affects nutrient management, water retention and capacity, soil structure,
buffer capacity and many other physical, chemical and biological soil
properties, overall, the soil quality (Meng et al., 2019; Ma et al., 2022). In
point of view of environmental protection, the continuous monitoring of
different soils is very important task.

# Corresponding author

41



However, the long-term preservation of soil productivity is only
possible in conjunction with the preservation of soil biodiversity (Wolinska
and Stepniewska, 2012; Veres et al., 2015). It is necessary to reduce and limit
those activities that play a role in soil pollution in the long term (such as the
use of large-scale chemicals and toxic substances) (Angyan et al., 2003) and
may contribute to the deterioration of soil life and the reduction of
biodiversity (Biro et al., 2018). We cannot talk about healthy soil without
adequate soil life (Wall et al., 2015; Ling et al., 2021).

MATERIAL AND METHOD

In the Agrochemistry and Soil Science Institute, of Debrecen
University, some microbiological characteristics of three different soil types
- with different cropes were examined (the number of bacteria, number of
microscopic fungi, soil respiration and dehydrogenase activity). The three soil
types were: (1) Calcareous Chernozem (Chernozems) with corn (Triticum
aestivum L.) from Debrecen - Latokép - pHH20) = 6.8; (2) Humus sandy soil
(Arenosols) from Debrecen - Pallag - pHH20) = 5.8, with fruit (Prunus
cerasus L.) — and (3) Solonetz soil (Solonetz) with grassland Hajdinanas —
Tedej, pHH20) = 6.6.

Soil samples were taken during a period of 2 years (2019 - 2020), in the
spring (in May) and in autumn (in September), from the top 20 cm, the most
active layer of the soil.

Moisture content was measured gravimetrically, by drying the soil at
105 °C for 24h (Buzéas, 1988). The total number (Colony Forming Unit, CFU)
of bacteria (bouillon plate) and quantity of microscopic fungi (peptone -
glucose - agar) were determined, by plate count method, according to Szegi,
1979. The CO> production was measured after a 7 day incubation according
to Ohlinger et al., 1996. Dehydrogenase activity characterises mainly the
intensity of degradation processes. Its determination is based on the reduction
of the used artificial hydrogen acceptor (MSZ-08-1721/3-86).

Variance analyses (ANOVA) with Duncan post hoc test (p < 0.05) was
used for statistical evaluation and Pearson’s correlation (n = 8) were used to
found relationships between soil examined properties (applied programs:
IBM SPSS Statistics 23).

RESULTS AND DISCUSSION

The climate change, the decreasing amount of precipitation and its
extreme distribution is a particularly important question nowadays (Borelli et
al., 2020). The soil moisture determined the microbial soil activity (Borowik
and Wyszkowska, 2016). The moisture content of the soil samples was
average in the soils during the two years (11 - 19 %). The lowest value was
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found in Pallag sand (11.10 % on average), while the highest value was
measured in the Chernozem soil (19.22 % on average). We also observed that
during the two consecutive years the moisture content in the soil decreased in
all three areas, to a lesser extent in the Chernozem (19.28 - 19.15 %) and the
Solonetz soil (12.64 - 11.02 %), at the same time, the soil moisture in the
second year was significantly lower in the area of sand (12.61 - 9.58 %) in
the orchard. This is probably, related to the fact that sandy soils are poor in
colloids and have a low water holding capacity.

Based on two-year sampling averages, the total number of soil bacteria
was highest in soil from Cernoziom (13.20 x 10® g%). It was significantly
lower in the Solonetz soil (10.40 x 108 g1), although it is located on a pasture.
The lowest abundance of bacteria was registered in the sandy soil (6.12 x 10°
g1). Thus, it can be concluded that the number of bacteria in the examined
soils was generally higher in spring.

The number of microscopic fungi was higher in the Solonetz soil (9.93
x 10% g1) during the two years of the study. This is probably also related to
the permanent plant cover - the root mass presence. As a result, the number
of microscopic fungi was significantly lower for both Sand and Chernozem
soils. The number of microscopic fungi showed higher values in autumn for
all three sampling areas, where greater activity was determined in spring (Fig.
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Fig. 1. Seasonal variation of the number of soil bacteria and microscopic fungi during the
years 2019-2020, in different cultivation conditions

Total numbers of microscopic bacteria and fungi - play an important

role in various soil geochemical and decomposition processes (Bloem et al.,
1997; Prasad et al., 2020). The research carried out in this field, shows that
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Chernozem has a high biological activity (Veres and Zsuposne, 2003;
Nechaeva et al., 2019; Rieznik et al., 2021). Our results are confirmed by
others researches, because the highest total number of bacteria was measured
on the Chernozem soil (13.20 x 10° g%) in the wheat culture, and the lowest
in the orchard on the sandy soil (6.12 x 10° g). At the same time, the higher
number of microscopic fungi (9.93 x 10 g*) was cultured from the Solonetz
soil, which was uncultivated, pasture.

The activity of the dehydrogenase enzyme was the highest in the
Solonetz soil during both years of the study. The average value was 240.32
1g INTF g soil, almost half of which was measured in the Chernozem soil
(133.04 pg INTF g? soil). No significant differences were found in
Chernozem soil between the values registered in spring and autumn.
Dehydrogenase activity in the sand soil was the smallest (71.93 pug INTF g
. In the sand soil and in the Solonetz soil, the dehydrogenase was more
active in autumn (Table 1).

Table 1
The activity of dehydrogenase enzyme and CO- production in different soil cultivation
conditions, during the spring and autumn of the years 2019-2020
Soil Types Dehydrogenase COgz-production
and Samplings ug INTF gt soil 2 ht mg 100g* 7 day!

CHERNOZEM

2019 spring 129.933 +12.93 16.944 879
2019 autumn 134.64a 1929 22.03p £1312
2020 spring 129.883+18.05 24 42) +1217
2020 autumn 137.72a 173 22.96b £1L.79
Average in two years 133.04 21.59
ARENOSOLS

2019 spring 66.71ab 1082 13.723 +820
2019 autumn 77.58ab £1543 15.03ab £7-35
2020 spring 57.90a +1211 17.08ab 1049
2020 autumn 85.53h +11.09 17.68p +823
Average in two years 71.93 15.88
SOLONETZ

2019 spring 161.50a +22.04 16.38q 1434
2019 autumn 274.08p 1873 21.02p +12.73
2020 spring 183.553 +14.84 20.16ab 1085
2020 autumn 342.18c =16:98 18.86ab *1154
Average in two years 240.32 19.10

Based on the studies of Szeder et al., 2008, dehydrogenase is an index
that expresses the microbiological activity in the soil. Soils of grassland create
a special environment for the organisms living in them. The large root system
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of grassland provides a significant source of organic matter for
microorganisms (Katai and Veres, 2003). The measured dehydrogenase
enzyme activity of the soils also contributes to this, which also proved to be
highest in the Solonetz soil. This enzyme activity was lowest on the sand soil.

Regarding the CO2 production, significant differences were determined
among the two years. The CO> production was the highest on the Chernozem
(average value of 21.59 mg 100g™ soil), on Solonetz soil (19.10 mg 100g™
soil) and the lowest CO> production was registered in the humus sand soil
(15.88 mg 100g™* soil). In the study, the production of CO; presented in most
cases, higher values in autumn, except for the 2" year of study in Chernozium
soil (Table 1).

Following the analysis of possible correlations, those soil values and
properties that showed a similar correlation in both test years were
highlighted.

Among the examined parameters, correlations were found in the case
of the Solonetz soil. Close positive correlation was found between the
dehydrogenase enzyme and microscopic fungi (r = 0.909; 0.955); between the
total number of bacteria and soil respiration (r = 0.830; 0.885) (Fig. 2).
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Fig. 2. Close positive (Pearson type) correlations on Solonetz soil between some examined
microbial parameters (n = 8) (2019 - 2020)

On Solonetz soil was found also medium positive correlation between
soil moisture content and total number of bacteria (r = 0.537; 0.654). In the
case of Chernozem soil, only one positive correlation was found in both years,
between the soil moisture content and the total number of bacteria (r = 0.718;
0.869) (Fig. 3).
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Fig. 3. Correlations (Pearson type) on Solonetz and Chernozem soils between soil moisture
content and total number of bacteria (n=8) (2019-2020)

In the case of sandy soil, were not found correlations between the
biological soil properties, in the both years of study.

According to the measurements of Szili - Kovacs et al., 2011, there was
a significant difference, between the spring and autumn samplings, in most of
the measured soil biological parameters.

CONCLUSIONS

Total number of bacteria, total number of fungi and dehydrogenase
activity, among the CO2 production, were studied, in different soil types
(Chernozems, Arenosols and Solonetz) and in different soil cultivation. The
crop type influenced the soil biological properties.

The soil moisture content at the time of sampling was 11-19 %, in
second year decreased in all three areas, significantly in the sand area. The
moisture content was a determining factor of soils in the development of
microbiological parameters (we proved a positive correlation between
moisture content and total number of bacteria on Solonetz and Chernozem
soils).

The measured dehydrogenase enzyme activity of the soils, proved to be
highest in the Solonetz soil and this enzyme activity was lowest on the sand
soil.

The CO2 production in soils was the highest on the Chernozem, but it
was almost similar with the case of the Solonetz soil in the grassland area.
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The humus of sand had the lowest CO> production. Significant differences
were found among the three soils regarding the CO- production.

In our study the higher total number of bacteria was measured in the

spring; in autumn the number of microscopic fungi, dehydrogenase activity
and CO; production were higher.

Based on the measured properties, this study proved that the soil

biological activity remained more dynamic under the natural grassland
ecosystem.

REFERENCES

1.

10.

11.

12.

13.

14.

Angyén J., Tardy J., Vajnané M.A., 2003, Védett és érzékeny természeti teriiletek
mezbégazdasaganak alapjai. Mez6gazda Kiad6. ISBN 978-963-286-484-6, pp. 51-
52;

Bird6 B., Dudas A., Wass-Matics H., Kocsis T., Pabar S., Toth E., Szalai Z.M.,
Kotrocz6 Zs., 2018, Improved soil and tomato quality by some biofertilizer
products. Acta Agraria, pp. 93-105;

Bloem J., De Ruiter P.C., Bouwman L.A., 1997, Soil food webs and nutrient cycling
in agroecosystems. In: van Elsas JD (ed) Modern soil microbiology. Marcel Dekker,
Inc., New York, pp. 245-278;

Borowik A., Wyszkowska J., 2016, Soil moisture as a factor affecting the
microbiological and biochemical activity of soil. Plant Soil Environ, vol. 62, no. 6.,
pp. 250-255;

Borrelli P., Robinson D.A., Panagos P., Cristiano B.C., 2020, Land use and climate
change impacts on global soil erosion by water (2015-2070) 21994-22001. PNAS,
vol. 117. no. 36, www.pnas.org/cgi/doi/10.1073/pnas.2001403117.8;

Buzas |., 1988, Soil and agrochemical test methodology 2. Physico-chemical and
chemical test methods of soils. Agricultural Publishing House. (In Hungarian), pp.
90-93;

Hernandez D.J., David A.S., Menges E.S., Searcy C.A., Afkhami M.E., 2021,
Environmental stress destabilizes microbial networks. The ISME Journal, vol. 15,
pp. 1722-1734;

Katai J., Veres E., 2003, Gyepek talajanak és rizoplanjanak 6sszehasonlitasa.
Gyepgazdalkodasi Kozlemények. Vol. 1, pp. 13-17;

Ling W., Ma B., Zhang W., 2021, Editorial: Rhizosphere microbiology: Toward a
clean and healthy soil environment. Front Microbiol. Vol. 13, pp: 991356;

Ma C., Tu Q., Zheng S., Deng S. Xia Y., Mao W., Gao W., Hu L., Kuzyakov Y.,
Hu Y., Su Y., Chen X., 2022, Soil acidification induced by intensive agricultural
use depending on climate. Journal of Soils and Sediments, pp. 1-4;

Marselek S., 2006, Environmental conditions. Agricultural Production. Sustainable
Development. AgEcon Search. Research in Agricultural & Applied Economics.
Vol. 50, no. 15, pp. 12-28;

Meng C., Tian D., Zeng H. Li Z., Yi C., Niu S., 2019, Global soil acidification
impacts on belowground processes. Environ. Res. Lett. Vol. 14, 074003, p. 11;
MSZ-08-1721/3-86 (Hungarian Standard). Estimating the dehydrogenase activity.
Hungarian Standard. https://mokkka.hu/node/440;

Nechaeva E.H., Markovskaya G.K., Melnikova N.A., Stepanova Yu.V., Redin
D.V., 2019, The influence of the methods of primary tillage on the biological

47



15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

activity of ordinary chernozem. IOP Conference Series: Earth and Environmental
Science, vol. 315, no. 5, pp. 1-5;

Onhlinger R., Kandeler E., Margesin R., 1996, Methods in Soil Biology. Springer
Verlag, Berlin Heidelberg, pp. 20-26, pp. 32-36;

Prasad S., Malav L.C., Choudhary J., Kannojiya S., Kundu M., Kumar S., Yadav
A.N., 2020, Soil Microbiomes for Healthy Nutrient Recycling. Current Trends in
Microbial Biotechnology for Sustainable Agriculture, pp. 1-21;

Rieznik S., Havva D., Butenko A., Novosad K., 2021, Biological activity of
chernozems typical of different farming practices. Agraarteadus: Journal of
Agricultural Science, vol. 32, no. 2, pp. 307-313, https://doi.org/10.15159/jas.21.34;
Szeder B., Makéadi M., Szegi T., Tomdcsik A., Simon B., 2008, Biological and
agronomic indicators of the impact of fieldscale bentonite application, Cereal
Research Communications. VII. Alps-Adria Scientific Workshop Stara Lesna,
Slovakia, 28 April — 2 May, 2008., pp. 911- 914;

Szegi J., 1979, Talajmikrobiolégiai vizsgalati médszerek. Mg. Kiadd. Budapest, pp.
56-58; 234-235; 253-254;

Szili-Kovéacs T., Zsuposné O.A., Katai J., Villanyi ., Takéacs T., 2011, Correlations
between biological and chemical soil properties in soils from long-term
experiments. Agrokémia és Talajtan, vol. 60, Supplementum, pp. 251-254;

Veres E., Zsuposné O.A., 2003, Hagyomanyos és az okoldgiai gazdalkodasi
rendszerek hatdsa a talaj biolGgiaiaktivitasra. F 042568. sz. OTKA palyazat
zarojelentése, pp. 1-7;

Veres Zs., Kotrocz6 Zs., Fekete 1., Toth J.A., Lajtha K., Townsend K., Téth B.,
2015, Soil extracellular enzyme activities are sensitive indicators of detrital inputs
and carbon availability. Applied Soil Ecology, vol. 92., pp. 18-23;

Wall D.H., Nielsen U.N., Six J., 2015, Soil biodiversity and human health. Nature.
Research perspective, vol. 528, pp. 69-76;

Wolinska A., Stepniewska Z., 2012, Dehydrogenase Activity in the Soil
Environment. Open Science. Open Mind. Chapter 8, pp. 183-210.

Received: November Revised: March Accepted: March Published: May
18, 2022 13, 2023 28, 2023 30, 2023

48



