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Abstract

HLADKY JAN, KYNICKY JINDRICH, JURICKA DAVID, BRTNICKY MARTIN. 2016. Effect of
Water Erosion on Soil Respiration Characteristics of Chernozem Topsoil. Acta Universitatis Agriculturae
et Silviculturae Mendelianae Brunensis, 64(5): 1517-1521.

Soil respiration characteristics are an important indicator of the soil state. The aim of this study is to
determine the effect of water erosion on soil respiration characteristics, in particular to determine
whether erosion-damaged areas show statistically significantly worse respiratory activity compared
to intact soil. Respiratory biological activity, as an indicator of soil quality, was monitored on 13 plots
with chernozem soil type damaged by water erosion. There were determined basic respiration
characteristics, such as basal respiration (B), respiration after adding ammonia nitrogen (IN),
respiration after addition of glucose (G), respiration after adding glucose and ammonia. Furthermore,
from the above mentioned characteristics, following ratios were determined: N/B, G/B, G/N, NG/B
and the factor of complex action (FCA). Statistical analysis showed that the position on a slope affects
the respiratory characteristics. Based on results, we can say that the soil shows excessive amount of
nitrogen, lack of easily degradable organic substances and poor stability of organic matter. Using

statistical analysis, it was found that water erosion affects only the indicators B and G/N.
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INTRODUCTION

Soil respiration characteristics are an important
indicator of the condition of the soil. In studies of
biological properties of the soil, Foukalova et al.
(2011) reported it is necessary to focus not only on
the presence of microorganisms but perhaps even
more important is to know details of metabolic
functions of the microorganism population. It is
respiratory tests which show how populations of
soil microorganisms are active. If the activity of
microorganisms is high, it can be deduced that
the soil condition is propitious, and the nutritional
supply of crops, the ability of soil to retain nutrients,
and quantity and quality of organic matter is
increased (Foukalova etal., 2011).

Soil erosion is an important factor of
the agricultural land degradation worldwide.

Erosion damages the physical, chemical (Li et al.,
2009) and biological properties (Lal, 2001; Rey et al.,
2011; Shietal., 2014). Authors Garcia and Hernandez
(1997) found erosion affects soil respiration
characteristics significantly. Compared to the places
intact by erosion, soil respiration activity was
found always significantly reduced at the same soil
crosion-damaged. This, according to the authors,
points to unfavorable or degraded soil state when
the soil is unable to provide a suitable environment
for microorganisms.

The aim of this study is to determine the effect
of water erosion on soil respiration characteristics,
in particular to determine whether erosion-
damaged areas show statistically significantly worse
respiratory activity compared to intact soil.

1517



1518

Jan Hladky, Jindfich Kynicky, David Juficka, Martin Brtnicky

1: Sampling sites

METHODS

Samples were taken from 13 plots located in South
Moravia. Sampling sites are drawn in the Fig. 1. For
the first purpose of the study, sloping land with
chernozem soil was selected. Selected plots were
divided into three parts - the first eluvial slope
position located on the platform of the slope was
not damaged by erosion; the second position was
translocation part in the middle of the slope always
damaged by water erosion; and the third position
located in accumulation part of the slope, where
sediments washed out from translocation part were
accumulated. From each plot, three samples were
collected. Altogether, there were taken 39 samples.

Samples were taken from topsoil horizon
(0-30 cm) in the autumn, after the harvest. Corn was
grown on each plot. Samples were collected with
a shovel cleaned after each sampling and samples
were stored in plastic bags. These bags were placed

I: descriptive statistics

into a portable cooler at internal temperature
5°C. Thus, the samples were transported to
the laboratory and placed in a thermostat at an
internal temperature 5°C until measurement.
Measurements were carried out the next day.

Following properties were wmeasured: basal
respiration (B), respiration after addition of
ammonia nitrogen (N), respiration after addition
of glucose (G), respiration after adding glucose
and ammonia. Furthermore, from the above
mentioned characteristics, following properties
were determined: N/B, G/B, G/N, NG/B, and factor
of complex action (FCA). Methods of sample
preparation, measurement and determination were
carried out according to Foukalova et al. (2011).
Humus content was determined according to
Zbiral et al. (2011). Statistical analysis ANOVA was
performed using Statistica.

Eluvial position Middle slope position Accumulation position
Avr. Min. Max. Sca. Sta.d. Avr. Min. Max. Sca. Sta.d. Avr. Min. Max. Sca. Sta.d.
B* 066 0.15 090 003 017 048 041 059 000 005 072 045 099 002 0.15
N* 0.53 036 074 001 0.07 047 041 074 001 0.07 0.56 042 079 0.01 0.10
G* 3.64 235 524 052 0.72 285 215 524 053 0.73 428 3.15 633 058 0.76
NG* 634 451 874 109 104 457 255 695 082 090 6.03 346 852 175 132
N:B 093 048 373 038 062 099 073 164 004 020 083 046 174 0.08 0.28
G:B 6.42 3.52 2843 2320 4.82 6.09 386 1158 341 185 6.25 3.78 1154 3.79 195
GN 695 435 951 241 155 618 396 1015 217 147 7.77 537 1240 3.02 174
NG:B 11.08 6.68 48.17 63.47 797 971 576 16.75 547 234 883 448 1558 9.13 3.02
NG:N 12.16 7.08 2048 7.65 277 10.11 4.66 16.75 7.56 2.75 11.04 5.26 1737 941 3.07
NG:G 181 124 287 022 047 168 0.76 281 021 046 145 0.76 225 0.17 041
FCA 231 045 539 105 103 179 047 292 039 0.63 193 0.60 3.57 0.61 0.78

*mg CO2-100 g*-h?, Avr. = average, Min. = minimum, Max. =

maximum, Sca. = scatter, Sta. d. = standard deviation.
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RESULTS AND DISCUSSION

In Table T are shown the basic statistical
parameters. Novak (1969) states 0.60-0.65 mg
CO,-100 g*-h' as optimum values of basal
respiration for topsoil chernozem. Podlesédkova et al.
(1982) state value 0.55 mg CO,-100 g'-h? for topsoil
chernozem. Our values of basal respiration are on
average 0.66 mg CO,-100 g*-h* (minimum 0.15 and
maximum 0.90 mg CO,-100 g'-h) in eluvial part of
the plot. Therefore, we conclude basal respiration
measured in the eluvial part reaches very high
amount (Table II) achieving agro-ecological limits
(Foukalovi et al., 2011). We can consider the activity
of microorganisms and basal respiration is optimal
and does not indicate serious disruption of soil.
In the middle slope position, we noticed decrease
in the basal respiration up to the value of 0.48 mg
CO,-100 g*-h?'  (minimum 0.41 and maximum
0.74 mg CO,-100 g'-h?). According to the Table II,
the value is still very high and activity of microbial
community is not very significantly decreased even
in position with the highest degree of soil erosion.
In the accumulation part of the slope, significant
increase in basal respiration was detected.
The average value of the position is 0.72mg
CO,-100 g*-h?!  (minimum 0.45 and maximum
099 mg CO,-100 g'-h"'). The basal respiration is
very high (Table II). It is probably caused by suitable
physical and chemical properties of soil promoting
microbiological activity. This is consistent with
findings made by Zhang et al. (2015). The authors
study the effects of erosion on soil organic matter
discovering that respiration activity decreases due
to erosion, particularly due to the low content of soil
organic matter.

Physiological availability of soil nitrogen is given
by indicator N/B. Its average value 0.93 (minimum
0.48 and maximum 3.73) was determined for
eluvial position. Novak (1969) states value 1.02 for
the topsoil layer of chernozems and Podlesédkova
etal. (1982) value of 1.08. Foukalova et al. (2011) states
the value 0.93 is very low (Table II). In this case, it
means that there is sufficiency of physiologically
usable nitrogen in the soil. In other words, if we add
more nitrogen to this soil, it will have no further use.

This fact is indicated by values close to 1. The higher
index of N/B means lack of physiologically usable
nitrogen in the soil (Foukalova et al, 2011). In
the case of the middle slope position, 0.99 average
value was measured (minimum 0.73 and maximum
1.64). Physiologically wusable soil nitrogen is
utilized almost optimally even in this case. In
the accumulation part of the slope, there was
adecline in the index up to 0.83 (minimum 0.46 and
maximum 1.74). There may be inferred that it is due
to excessive amount of nitrogen. This is probably
due nitrogen washing and leaching from the middle
slope position.

Average value of the indicator G/B characterizing
the amount of easily usable organic matter reached
6.42 (minimum 3.52 and maximum 28.43) at
the eluvial position, 6.09 (minimum 3.86 and
maximum 11.58) at the middle slope position,
and 6.25 (minimum 3.78 and maximum 11.54) at
the accumulation position. Novak (1969) reports
the average value from 5.72 to 5.98 for the topsoil
chernozems and Podle3akova et al. (1982) states
6.14. Foukalova et al. (2011) state that higher values
indicate lack of easily usable organic substances in
the soil. According to the Table 11, it is low level of
the G/B indicator. Also Baranc¢ikova (1991) reports
high index value G/B for chernozem reaching
16.2. This fact is consistent with the statement
of Podlesikova (1982) and Foukalova et al. (2011)
considering that chernozem belongs to soils poor
in easily usable organic matter. However, we can
generally conclude that the lack of organic matter
is indicator of the current management when
organic fertilizer has the most favorable effect on
the increase in easily usable organic substances
(Vanék et al., 2007).

The optimal value of the index G/N, i.e. the ratio
between the usable carbon and nitrogen in the soil, is
5 (Foukalova et al., 2011). This means that it is amean
value (Table II) indicating that microorganisms are
better supplied with nitrogen which is in excess
over the carbon in soil. In our study, the mean
value of the index G/N was 6.95 (minimum 4.35 and
maximum 9.51) at eluvial position, 6.18 (minimum
396 and maximum 10.15) at middle slope
position, and 7.77 at the accumulation position

II:  Agro-ccological assessment of chernozem for selected soil respiration characteristics

Agro-ecological assessments of chernozem for selected soil respiration characteristics
(Foukalova et al., 2011)

Very low low medium high Very high
B* below 0.10 0.10-0.25 0.26-0.41 0.42-0.57 above 0.57
N/B below 0.95 0.95-1.61 1.62-2.29 2.30-2.96 above 2.96
G/B below 3.73 3.73-6.72 6.73-9.74 9.75-12.74 above 12.74
G/N below 1.30 1.30-4.33 4.34-7.38 7.39-10.41 above 10.41
NG/B below 6.73 6.71-11.68 11.69-16.65 16.66-21.62 above 21.62
ECA below 0.33 0.33-0.78 0.79-1.24 1.25-1.70 above 1.70

*mg CO,-100 g'-h?!
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(minimum 5.37 and maximum 12.40). According
to the Table 11, in the first two positions, medium
values were detected and high value was recorded
in the accumulation part. Based on these values,
we can say that the soil is rich in nitrogen. It suffers
from nitrogen surplus and it is poor in the amount
of usable organic matter.

The index NG/B indicates the stability of soil
organic matter. Novak (1969) states value from
6032 to 63.57 for topsoil chernozem. This makes
a very stable soil organic matter in soil, thus
the microorganisms can use their potential to
mineralize organic matter significantly. However,
Podlesdkova et al. (1982) indicate a value only 13.20
for the chernozem topsoil. However, this is still
high value. In the context of our study, measured
average values were only 11.08 (minimum 6.68 and
maximum 48.17) for the eluvial position, 9.71 (5.76
minimum and maximum 16.75) for the middle slope
position, and 8.83 (minimum 4.48 and maximum
15.18) for the accumulation position. According to
the Table II, these values are classified as low ones.
These values indicate the low stability of organic
matter. Thus, the micro-organisms do not use their
potential to mineralize organic matter in the soil.

The average index value for FCA was measured
231 at eluvial position (minimum 0.45 and
maximum 5.39), 1.79 at the middle slope position
(minimum 0.47 and maximum 2.92), and 1.93 at

II1: ANOVA - effect of position on the slope

the accumulation position (minimum 0.60 and
maximum 3.57). This index indicates the extent
to which microbial activity is influenced also by
other soil properties, especially physical ones.
Particularly, these properties affect the use of carbon
and nitrogen. However, Novik (1969) states average
values of FCA 10.43 at the topsoil chernozem, and
Podlesdkova in 1982 (Podlesdkova et al., 1982) reports
its values only from 1.99 to 2.38. A current point of
view according to Foukalova et al. (2011) is that these
are very high values (Table II). However, it is evident
that compared to 1969, there was a sharp decline
in FCA and reduce in the utilization of carbon and
nitrogen in the framework of the complex action.
It can be also seen that a slight decrease in FCA
occurred in the middle slope position.

Results were subjected to a statistical analysis
ANOVA to determine whether the slope position
affects the soil biological activity. It was assumed
that the results of the monitored characteristics and
the indexes are worse particularly in the middle
slope positions, compared to eluvial and
accumulation positions. Although the hypothesis
was confirmed, the differences were not statistically
confirm. Subsequent ANOVA analysis confirmed
that middle slope position has no statistically
significant effect on the N/B, G/B, NG/B and FCA.
It has a statistically significant effect on B and G/N
(Table I1I).

ANOVA
o=0,05
B N/B G/B G/N NG/B FKP
k% * * k% * *
* Statistically significant difference
CONCLUSION

ANOVA statistical analysis confirmed a statistically significant effect of the middle slope position on
the B and G/N characteristics. In the case of basal respiration (B), average value 0.66 mg CO, 100 g'-h"!
was measured at eluvial position. The value 0.48 mg CO,-100 g'-h' was measured in the middle slope
position (a part affected by water erosion), and 0.72 mg CO,-100 g'-h"! in the accumulation position of
the slope. The highest respiration activity of the microorganisms is therefore in the eluvial position of
the slope. This phenomenon is caused by the fact that water erosion impairing the quality of the soil
does not occur in this part. Decline in microbial respiration is seen in the middle slope position
probably caused by water erosion entailing a violation and washing the soil profile out. The chemical
and physical properties of the soil are degraded. Although there is a noticeable increase in the value of
B in the accumulation part of the slope, it does not reach values in the eluvial part. It is probably due
to disruption of the microbial activity by the effects of water erosion, especially by the accumulation

of soil washed out from the middle slope position.

In the case of the G/N index, value 6.95 was measured at eluvial position, 6.18 at the middle slope
position, and 7.77 at the accumulation position. The impact of water erosion can be seen in the middle
slope position where topsoil and chemicals, such as fertilizers, are washed out. These substances
enrich the soil in the accumulation position where they are gathered.

From the result of the study, it can be concluded that soils suffer from excess of nitrogen, lack of easily
usable organic matter, and low organic matter stability. The trend of deterioration of all characteristics

compared to 1969 is noticeable.



Effect of Water Erosion on Soil Respiration Characteristics of Chernozem Topsoil

1521

Acknowledgments

This research was supported by National Agency for Agricultural Research (NAZV), project:
QJ1230066 and by the Ministry of Education, Youth and Sports of the Czech Republic under

the project CEITEC 2020 (LQ1601).

REFERENCES

BARANCIKOVA, G. 1991. Yicld-forming features
and agro-ecological ~ sensitivity of soil humus [In
Slovak: Urodotvorné funkcie a agroekoligickd senzitivita
podneho humusu]. Dissertation thesis. Vyskumny
dstav podnej trodnosti Bratislava, Vyskumna
stanica PreSov.

FOUKALOVA, J., POSPISILOVA, L. and JANCEK,
M. 2008. Relations between soil respiration,
humus quality and cation exchange capacity in
selected subtypes of chernozem in South Moravia
region. Acta Universitatis Agriculturae et Silviculturae
Mendelianae Brunensis, 56(1): 83-90.

FOUKALOVA, J., BRTNICKY, M., KYNICKY, J. etal.
2011. Monitoring of selected respiration characteristics of
chernozems in Moravia [In Czech: Sledovdni vybranijch
respiracnich  charakteristik  éernozemi na  Moravé].
Folia Universitatis Agriculturae et Silviculturae
Mendelianae  Brunensis. Brno: Mendelova
univerzita v Brn€.

FU, B. J,, MENG, Q. H., QIU, Y., ZHAO, W. W,
ZHANG, Q. J. and DAVIDSON, D. A. 2004. Effects
of land use on soil erosion and nitrogen loss in
the hilly area of the Loess Plateau, China. Land
Degradation, 15(1): 87-96.

GARCIA, C. and HERNANDEZ, T. 1997. Biological
and biochemical indicators in derelict soils
subject to erosion. Soil Biology and Biochemistry,
29(2):171-177.

HILL, J. 2000. Mapping Complex Patterns of Erosion
and Stability in Dry Mediterranean Ecosystems.
Remote Sensing of Environment, 74(3): 557-569.

LAL, R. 2001. Potential of Desertification Control to
Sequester Carbon and Mitigate the Greenhouse Effect.
Storing Carbon in Agricultural Soils: A Multi-Purpose

Environmental Dordrecht:
Netherlands.

LAN, L., SHUHAN, D., LAOSHEN, W. and
GANGCAI L. 2009. An overview of soil loss
tolerance. Catena, 78(2): 93-99.

NOVAK, B.1969. Respiratory samples from the
profile of the major soil types. [In Czech: Respirace
vzorkt z profilu hlavnich ptidnich typt]. Rostlinnd
vyroba, 15(2): 151-155.

PODLESAKOVA, E., NEMECEK, J. and VLACH,
J. 1982. Changes in the content and composition of
humus: Progress report. [In Czech: Zmény v obsahu a
sloZeni humusu: Diléi zprdva]. Praha: VUMOP.

REY, A., PEGORARO, E., OYONARTE, C., WERE,
A., ESCRIBANO, P. and RAIMUNDO, J. 2011.
Impact of land degradation on soil respiration in a
steppe (Stipa tenacissima L.) semi-arid ecosystem
in the SE of Spain. Soil Biology and Biochemistry,
43(2): 393-403.

SHI, W,, YAN, M., ZHANG, J., GUAN, J.and Sheng, D.
2014. Soil CO2 emissions from five different types
of land use on the semiarid Loess Plateau of China,
with emphasis on the contribution of winter soil
respiration. Atmospheric Environment, 88: 74-82.

VANEK, V. 2007. Nutrition field and garden crops
[In Czech: VyZiva polnich a zahradnich plodin].
Praha: Profi Press.

ZBIRAL, ], HONSA, L, MALY, S. and VANA,
M. 2011. Soil analysis [In Czech: Analyza pid).
Brno: Ustfedni kontrolni a zkuSebni ustav
zemé&délsky.

ZHANG, Y., GUQO, S,, LIU, Q,, JIANG, J., WANG, R.
and Nana, L. 2015. Responses of soil respiration
to land use conversions in degraded ecosystem of
the semi-arid Loess Plateau. Ecological Engineering,
74:196-205.

Strategy. Springer

Contact information

Ing. Jan Hladky, Ph.D.: pudoznalec@gmail.com
doc. Mgr. Jindfich Kynicky, Ph.D.: jindrak@email.cz
Ing. David Jufi¢ka: DJuricka@seznam.cz

Ing. Martin Brtnicky: martin.brtnicky@seznam.cz





