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Abstract. Soil respiration is an important indicator of soil fertility and biological activity, which has
impact on plant yield. The aim of the present study was the evaluation of soil respiration intensity
depending on different soil treatment practices in cultivation of maize and to determine the effect of
biology activity on soil respiration. The study was based on the long-term field experiment located at the
Agricultural Experimental Station at the Institute of Soil Science and Plant Cultivation — State Research
Institute in Grabow (Poland). Three objects were included in this research: maize cropped continuously
(monoculture) with direct sowing, maize monoculture cropped continuously with full tillage and crop
rotation (spring barley, winter wheat, maize) with full tillage. Research indicates that soil respiration
depends on cultivation method used before the maize is sown. The analysis showed that soil respiration
was correlated with its biological activity and biochemical parameters. The statistically strongest negative
correlation was found between soil respiration and evapotranspiration, changes in carbon dioxide
concentration and acid phosphatase activity, while strongest positive correlation was found between soil
respiration and ammonifying bacteria. The simple regression analysis showed linear relationship between
soil respiration and such parameters as: acid phosphatase activity and ammonifying bacteria.

Keywords: monoculture, tillage practice, microbial and biochemical properties, dehydrogenase activity,
acid phosphatase, soil moisture

Abbreviations: Sr: soil respiration (g CO2-m-h), E: evapotranspiration (g CO2-m-h), ACO,: changes in
carbon dioxide concentration, AMb: changes in soil moisture, SM: soil moisture (%, v/v), SBD: soil bulk
density (Mg-m), DHA: soil dehydrogenase activity DHA (ug formazan-g DM of soil-24 h), AcP: acid
phosphatase (ug p-nitrophenol-g DM of soil-h), AIP: alkaline phosphatase (ug p-nitrophenol-g DM of
soil-h), B + A: total bacteria and Actinomycetes number (107 CFU (colony forming units)-g DM™ (dry
matter) of soil, F: total fungi number (10* CFU-g DM of soil), AM: ammonifying bacteria (10* CFU-g
DM of soil), OLIGO: total oligotrophic bacteria (10® CFU-g DM of soil), KOP: total copiotrophic
bacteria (108 CFU-g DM of soil)

Introduction

Soil respiration refers to the production of carbon dioxide by soil organisms (Luo and
Zhou, 2006). A small part of soil respiration (below 10%) results from the
decomposition of resistant organic carbon particles (Hanson et al., 2000; Schlesinger
and Andrews, 2000).

Soil capacity to produce CO> varies depending on soil structure, season, intensity and
quality of agrotechnical tillage, soil water, cultivated plant, fertilizer etc. (Moraru and
Rusu, 2012). Soil respiration leads to CO2 emissions from soil to the atmosphere, in
significant amounts for the global carbon cycle (Moraru et al., 2010).

Tillage practices influence soil physical, chemical and biological properties, which in
turn may alter plant growth and yield (Czyz, 2011; Feiza et al., 2005; Gus et al., 2008;
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Mark and Al-Kaisi, 2004; Moroizumi and Horino, 2002; Natywa et al., 2009; Ozpinar
and Cay, 2006; Rashidi and Keshavarzpour, 2009; Ulrich et al., 2006). They also have a
significant influence on biological activities (Swedrzynska et al., 2013; Ghimire et al.,
2014) and soil CO- efflux (Frank et al., 2006). The soil temperature and its moisture
may be affected on soil respiration intensity (Box and Meentemeyer, 1993; Frank et al.,
2006; Natywa et al., 2010).

Systems for soil gas measurements offer crucial information regarding production,
consumption, and gas transportation, with major implications in quantitative and
qualitative assessment of soil respiration and soil aeration (Moraru and Rusu, 2010).

Conventional tillage includes the largest number of soil treatment (Imadi et al.,
2016). This method of soil cultivation allows a good aeration of the soil and increases
its biological activity (Olesen et al., 2011).

Knowledge about the influence of soil microbial activity and physical properties on
soil respiration is insufficient. This indicates a need to conduct research aimed at
recognizing and understanding the responses of effect the microbial, biochemical and
physical properties on soil efflux under various crop species.

The aim of the present study was evaluation of soil respiration intensity depending
on different soil treatment practices and to determine the effect of biology activity on
soil respiration.

Materials and methods
Location of experiment

The study was based on the long term field experiment located at the Agricultural
Experimental Station (AES) of the Institute of Soil Science and Plant Cultivation — State
Research Institute in Grabéw (Mazowieckie voivodeship, Poland; 51°23'N; 21°38'E).
The experiment has been running since 2004. Experiment involving maize cropped
continuously and rotated with other crops. The experimental scheme involved three
following treatments:

1. Maize monoculture with direct seeding (zero tillage) (A)
2. Maize monoculture with full ploughing tillage (B)
3. Cultivation in crop rotation with full tillage (C)

Experiment was conducted on a grey brown podsolic soil formed from light loam
(USDA soil classification) classified as very good rye complex. The ploughing layer of
soil was characterized by low magnesium content, medium potassium content, and high
phosphorus content. The size of a plot was 27.0 m? at the set-up of the experiment and
21.0 m? at harvest. The experiment was established using a long strip design in four
replications.

Maize cultivar Delphine, sown at the end of April or at the beginning of May, with a
precision seed drill. The fertilization dose of nitrogen amounted to 140 kg N-ha™
(70 + 70 at the six-leaf stage). The doses of phosphorus and potassium for maize were
P20s - 80 kg-ha! and K0 - 125 kg-ha™. In the case of crop rotation, all plant species
were grown. In all the years of the study, a full dose of manure was used for maize. It
was cattle dung containing: 20-22% dry matter, 0.45-0.51% N, 0.12-0.17% P, 0.53-
0.59%.

Cv. Antek of spring barley (sown at the first or second decade of April) and cv.
Turnia of wheat were seeded. Annual fertilizer rates supplied to barley were 60 N, 35
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P20s, and 50 kg ha K20, and to wheat 120 N, 40 P,Os, and 70 kg ha* K2O. In order to
measure the effects of maize tillage prior to the onset and after termination of the trial
we assessed pH in KCI and soil contents (mg per 100 g of soil) of P2Os (CFA method),
K20 (FES method), MgO (AAS method), percentage of total nitrogen (CFA method).
The results content yields of maize (plant height, weight of 1000 grains, parameters of
maize cobs, plant density of harvest, grain yields of cereals) were published (Ksi¢zak et
al., 2018).

Soil respiration measurement

Soil respiration (Sr) was measured twice by a model CIRAS-2 apparatus (PP-
Systems, USA), portable infrared CO> analyzer equipped in Soil CO, Flux dynamic
closed Chamber. The closed chamber is having a head space volume of 1.17 dm?,
enclose an area of 75.6 cm? and was kept inserted into the soil during the measurement.
Soil respiration was estimated from the rate of increase in CO: in the closed chamber
during a 60-s period. The measurements were conducted before sowing of maize (in
term 15-25 of April depending on the year of the study) and after harvest (15-25 of
October) in four replications. All measurement were done during day time (i.e. 9:00—
13:00 a.m.) on rows. Concentration value of carbon dioxide expressed in g CO2:m?h.
The measurement range of SRC-1 is 0-9.99 g COzm?>h?™ The level of
evapotranspiration (E), the differences in carbon dioxide concentration (ACO2), changes
in soil moisture (AMg) were also determined.

Soil moisture measurement

The soil moisture (SM, %, v/v) and soil bulky density (Mg-m) measurements were
made on 7 depth level: 0-5, 5-10, 10-15, 15-20, 20-25, 25-30 and 30-35 cm in four
replication for each variant of soil tillage, which made by made by weighing and drying
method, using cylinders with a volume of 100 cm?. Soil for the determination of the
physical properties was collected during the harvesting of maize for grain. For analysis
used mean data of measurement from soil layer 0-30 cm and 30-35 cm.

Soil samples

Soil samples were collected according to Polish Standard PN-ISO 1038-6 (1998).
The soil samples in three replicates were taken from the 0-20 cm layer and sieved
through a 2 mm sieve and stored in a refrigerator (4 °C) until analysis.

Microbial and biochemical properties

The soil samples were examined for different microorganisms groups. Microbial and
biochemical properties analysis was described by Gatazka (2017).

Statistical analysis

Statistical analyses were performed using the Statistica Program PL (10.0). The
analysis were carried out using ANOVA method in a proper model for the experimental
design. The 95% confidence limit (P < 0.05) was chosen to determine the significance
of differences between soil respiration and studied parameters of soil chemical and
biological properties.
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Course of weather conditions were different in the years of study. In Grabow, the
total precipitation during the growing period was higher in the first and the second year
of the study than the average multi-annual precipitation (by 40 and 33%, respectively)
(Table 1). In 2010, high precipitation occurred in August and September, while a rain
deficit took place in June and July. In 2011, very abundant precipitation was recorded in
July (3.5-fold higher than the multi-year average), while a shortage of rainfall occurred
in June and August. The third year of the study (2012) was more favourable in terms of
the quantity and distribution of precipitations. Same deficits were recorded in May and
June (Table 1).

Table 1. Course of weather conditions during the vegetation periods. (Source: Bulletin of
State Hydrological and Meteorological Service IMGW-PIB)

Specification Year - Month Sum

April | May | June | July | August |September
2010 20.8 | 114.0| 50.7 | 53.4 | 155.1 135.7 |529.7
Rainfalls 2011 35.9 | 745 | 52.4 |298.8| 35.6 3.6 500.8
2012 378 | 365 | 543 | 81.6 | 64.2 21.8 296.2
Rainfalls mean from multi-years (mm) | 39.0 | 57.0 | 71.0 | 84.0 | 75.0 50.0 376.0
2010 9.0 | 139 | 176 | 215 | 199 12.1 15.7
Temperature (°C) 2011 10.3 | 139 | 185 | 184 | 18.38 14.7 15.8
2012 96 | 153 | 17.7 | 209 | 1838 14,5 16.1

Temperature mean from multi-years (°C)| 7.7 | 13.4 | 16.7 | 183 | 17.3 13.2 144
Average from years 1871-2000

Results and discussion

Results of the study showed that the highest value of soil respiration, as before
sowing as after harvest, was measured under maize cropped in monoculture with full
ploughing tillage (C) (Fig. 1), while the least one, under maize cropped in the direct
sowing system (A). Analysis of variance showed that treatments have significant effect
on soil respiration (Fig. 1). So that, addition of soil simplification reduced CO> emission
while addition of soil tillage have influence on soil respiration. The research results
obtained by Lamptey et al. (2017) showed that zero-tillage significantly decreased soil
respiration compared to conventional tillage. Hrynczuk and Weber (2004) reported
higher values of soil respiration in cultivation with full tillage compared to direct
sowing. Kordas (2007) and Kordas and Zbroszczyk (2012) reported higher soil
biological activity after soil treatment simplification and the least one in traditional
cultivation. These authors found that as soil is more simplificated, as biological activity
and ability of soil respiration are higher. Analysis showed that higher soil respiration in
all cultivation method was recorded after harvest of maize (second term). The
differences between terms amounted 25%. Analysis of variance showed that the mean
CO. emission was significantly influenced by seasons. In the studies by Amos et al.
(2005), Lou et al. (2004) and Natywa et al. (2010), the strongest soil respiration activity
was at springtime. Wielgosz and Szember (2006) noted a decline in soil respiration in
the summer. Amos et al. (2005) and Lou et al. (2004) attributed this result to the
increased root respiration as well as to the soil temperature and moisture conditions.
Quemada (2001) reported that soil respiration was greatly affected by temperature and
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water content. In his study the highest values were obtained in August when high
temperatures and water content produced the highest respiration. These results were
confirmed also by Frank et al. (2002), Bajracharya et al. (2000) and Mielnick and Dugas
(2000). According to Sandor et al. (2011) beginning of summer could also offer good
conditions for development of soil microbial biomass which in turn could reach the
highest metabolic activity. As Lou et al. (2004) reported high soil temperature is
positively correlated with CO2 flux.
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Figure 1. Soil respiration (Sr) depending on method of soil cultivation (average of the years of
the study). Values followed by a different letter are significantly different (P < 0.05)

The evapotranspiration process was most strongly under maize cropped in
monoculture in full tillage, but strongly the least under maize cropped in crop rotation.
Significantly higher levels of this parameter were found in date after sowing (Fig. 2).
The difference between two terms regardless soil tillage amounted to 81%.
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Figure 2. Evapotranspiration (Sr) depending on method of soil cultivation (average of the years
of the study). Values followed by a different letter are significantly different (P < 0.05)

The differences in carbon dioxide concentration were highest in term after maize
sowing. Compared method of soil cultivation, the highest changes in this parameter in
both terms were found under maize cropped in monoculture (Fig. 3). While the least
changes in the changes dioxide concentration were differentiated depend on season. In
the first term the least value of this parameter were found under maize cropped in
monoculture in full tillage, while in the second term in crop rotation.
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Figure 3. Changes in carbon dioxide concentration depending on method of soil cultivation
(4CO-). Values followed by a different letter are significantly different (P < 0.05)

The highest changes in soil moisture were recorded under maize cropped in direct
sowing, while the smallest one in crop rotation (Fig. 4). A significant variability was
recorded in the changes in soil moisture between method of soil cultivation. In the
studies of Lamptey et al. (2017) soil water content increased under no-tillage soils
compared with conventional treatment. According to Cook and Orchad (2008) to
compare the effect on respiration, a measure of the soil-water status is required.
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Figure 4. Changes in soil moisture (AMB) depending on method of soil cultivation. Values
followed by a different letter are significantly different (P < 0.05)

The soil respiration was correlated with its biological activity and biochemical
parameters (Table 2). The statistically strongest negative correlation was found between
soil respiration and evapotranspiration (-0.495), changes in carbon dioxide
concentration (-0.493) and acid phosphatase activity (-0.683), while strongest positive
correlation was found between soil respiration and ammonifying bacteria (0.598).

Statistical analysis revealed also that no linear relationship was found between soil
respiration and such parameters as: evapotranspiration and changes in carbon dioxide
concentration (Fig. 5a, b) and biochemical parameters as: soil dehydrogenase activity
and acid phosphatase activity (Figs. 6 and 7). According to Cook and Orchad (2008) to
compare the effect on respiration, a measure of the soil-water status is required.
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Dehydrogenase and phosphatase activities are good indicators of changes of soil
parameters and widely used microbial parameters of soil biology (Wolinska et al.,
2013). Phosphatase can be a good indicator of the mineralization potential of organic
phosphorus and soil biological activity. In the studies of Gatgzka et al. (2017) the
dehydrogenase activity was is in correlation with the increased number of the most
examined groups of microorganisms.

Table 2. The Pearson’s correlation coefficient of soil respiration and selected
microbiological, chemical and biochemical parameters

Parameter Sr E ACO2 AMb SM1 SBD: SM: SBD:>
Sr - -0.495 | -0.493 | -0.141 0.242 -0.085 -0.174 0.164
E -0.495 - 0.788 0.175 0.111 -0.010 0.100 -0.028
ACO2 -0.493 | 0.788 - 0.051 0.236 -0.029 0.237 -0.158
AMb -0.141 | 0.175 0.051 - -0.004 0.096 0.003 -0.004
SM1 0.242 0.111 0.236 | -0.004 - - - -
SBD; -0.085 | -0.010 | -0.029 | 0.096 - - - -
SM> -0.174 | 0.100 0.237 0.003 - - - -
SBD> 0.164 | -0.028 | -0.158 | -0.004 - - - -
DEH -0.348 | -0.189 | -0.323 | 0.422 -0.086 0.177 -0.208 0.077
AcP -0.684 | 0.383 0.237 0.542 0.266 0.273 0.150 -0.105
AlP 0.182 0.353 0.302 | -0.029 0.192 0.101 0.186 -0.320
B+A 0.264 | -0.624 | -0.667 | 0.000 -0.120 0.235 -0.142 -0.208
F 0.027 | -0.237 | -0.336 | 0.320 -0.354 0.384 -0.440 0.036
AM 0.598 | -0.612 | -0.587 | 0.040 -0.233 0.104 -0.177 -0.160
OLIGO 0.274 | -0.383 | -0.477 | 0.083 -0.486 0.085 -0.451 -0.040
KOP -0.013 | -0.375 | -0.534 | 0.324 -0.483 0.459 -0.556 0.043

Values in bold are statistically significant (P < 0.05)

Sr: soil respiration (g COz'm-h?), E: evapotranspiration (g COz-m-h'), ACO2: changes in carbon
dioxide concentration, AMb: changes in soil moisture, SM1: soil moisture in 0-30 cm soil layer (%, v/v),
SBD;: soil bulk density in 0-30 c¢m soil layer (Mg m), SMy: soil moisture in 30-35 cm soil layer (%,
viv), SBD2: soil bulk density in 30-35 cm soil layer (Mg-m™), (DHA: soil dehydrogenase activity DHA
(ug formazan-g DM of soil-24 h'l), AcP: acid phosphatase (ug p-nitrophenol-g DM of soil-h't), AlP:
alkaline phosphatase (ug p-nitrophenol-g DM of soil-hl), B + A: total bacteria and Actinomycetes
number (107), CFU: colony forming units,-g DM™: dry matter of soil, F: total fungi number (10* CFU-g
DM of soil), AM: ammonifying bacteria (10* CFU-g DM of soil), OLIGO: total oligotrophic bacteria
(108 CFU-g DM of soil), KOP: total copiotrophic bacteria (10® CFU-g DM of soil)
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Figure 5. Relationship between soil respiration (Sr) and (a) evapotranspiration (E), and (b)
changes in carbon dioxide concentration soil moisture (1CO>)
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Figure 6. Relationship between soil respiration (Sr) and soil dehydrogenase activity (DHA)
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Figure 7. Relationship between soil respiration (Sr) and acid phosphatase (AcP)

Soil respiration was not significantly affected by the soil moisture and soil bulk
density in 0-30 cm soil layer (Table 2). The simple regression analysis showed linear
relationship between soil respiration and such parameters as: acid phosphatase activity
and ammonifying bacteria (Figs. 7 and 8). The strongest relationships was found
between soil respiration and acid phosphatase activity, which is confirm by value of
coefficient of determination (R? = 47%).
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Figure 8. Relationship between soil respiration (Sr) and ammonifying bacteria (AM)

The available literature lacks studies on the effect of physical properties on soil
respiration. Matecka et al. (2012) found that the no-tillage systems favoured the
increase of soil moisture and density, as well as the reduction of capillary water
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capacity, especially in the 0-10 cm layer. The studies of Morris et al. (2010) and
Raczkowski et al. (2012) indicate the increase in the volume density of soils in the
ploughed systems. In own studies, analysis showed that soil bulk density in 0-30 cm soil
layer (SBD1) was significantly affected total copiotrophic bacteria (KOP) (0.459), while
soil bulk density in deeper layer (30-35 cm) was not affected any characteristics. Soil
moisture in both deep soil layer: 0-30 cm and 30-35 cm (SM1 and SM3) was negatively
influence on total copiotrophic bacteria (KOP) (-0.483 and -0.556 respectively). Soil
moisture in 0-30 cm layer was negatively significantly influence on total fungi number
(F) (-0.354) and total oligotrophic bacteria (OLIGO) (-0.486) (Tab. 2).

The continuous use of the no-tillage system with crop rotation usually results in an
increase of the microbial biomass and decrease in soil respiration, therefore, displaying
evident long-term effects on the increase of soil C contents (Valpassos et al., 2001).

Soil respiration refers to microbial decomposition of dead plant residues and soil
organic matter (Kuzyakov and Gavrichkova, 2010), which is controlled by soil
microbial activities and soil C content. According to Lou et al. (2011) soil microbial
activities are influenced by soil physicochemical conditions, such as soil moisture.

Soil moisture was considered by Bonal et al. (2008); Luo and Zhou (2006) and Lou
et al. (2011) to be the secondary important factor controlling soil respiration. According
to Huang et al. (2014) soil respiration was negatively correlated with soil moisture at
high soil moisture content (> 19). According to Zhang et al. (2016) soil respiration was
negatively correlated with soil moisture and soil pH. While Chang et al. (2016) reported
that soil respiration is mainly controlled by soil temperature and moisture. According to
Pietri and Brookers (2009) soil pH also had been proved to be an important factor
influencing microbial respiration. The results of Sandor and Opruta (2012) show a
relationship between soil moisture and soil respiration. It was suggested (Mielnick and
Dugas, 2000) that wet soil at deep depth may counteract the effect of surface dry soil on
soil respiration.

Conclusions

The results of soil samples analysis (soil properties and microbial activity) would not
provide a complete understanding of the relation between soil properties and soil
respiration. However, the values may be used as indicators of changes on soil quality,
and parameters such as respiration are sensitive indices to study the effect of crop
systems in the soil microbiological environment. Among the studied soil treatments,
zero-tillage system exhibited better results for bulk density, soil chemical properties.
Our study did not present enough variety to go further in our conclusions, but it
confirms the relevance of influence effects between factors.

This study demonstrated that tillage systems under maize influence soil respiration
along with soil biochemical, physical and other microbiological properties. Further
research is needed to determine the soil respiration in long-time period of field
experiment under maize growth in different agricultural management practices.
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