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Abstract

:

Sustainable management of agricultural resources is needed to meet people’s increasing demands for food, fiber and energy while maintaining the quality of the environment and protecting natural resources. With the rapid growth of agriculture and the mechanization of farming, the agricultural sector has become one of the main contributors to the increase in CO2 emissions and other greenhouse gases in the world. Therefore, the aim of this study was to determine the effect, dependence and correlations of CO2 in soil with native vegetation (presence/absence, corn yield) and climatic conditions (soil temperature and moisture) during three years of measurements under different management practices in a classical conventional agroecosystem. This research contains four different treatments: control treatment (CT), dolomite/organic fertilization (DOL/OF), mineral fertilization (MF) and black fallow (BF). During the investigated period, the average overall C-CO2 flux ranged from 7.98 kg ha−1 day−1 on bare soil to 16.26 kg ha−1 day−1 on soil treated with mineral fertilization. No statistically significant difference was observed among different fertilization treatments, except in 2013 and 2015 when comparing different fertilization treatments to bare soil. In all three years, there was a positive correlation between average C-CO2 fluxes and soil temperature. Additionally, in 2013 and 2017, there was a positive correlation between average C-CO2 fluxes and soil moisture, while a negative correlation was observed in 2015. Obtained values of crop yield ranged from 0.89 t ha−1 in the control treatment (in 2015) to 14.81 t ha−1 in the treatment with mineral fertilization (in 2017). Growing global concern about the effects of climate change calls for intensive research on the carbon cycle, and these results will contribute to the understanding of carbon transformation in different crops and soil management practices.
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1. Introduction


In the era of unstoppable global population growth, associated with changes in patterns of consumption, certain demands arise. The main focus is not on the quantities of food, fiber and energy, but on the qualities. Therefore, the emphasis is on maintaining environmental quality to achieve sustainable goals, especially in agricultural production [1]. As the population increases, the standard of living also increases [2], as does the cumulative level of greenhouse gas (GHG) emissions [3,4,5]. The increasing emissions of GHG caused by human activities lead to their accumulation in the atmosphere and climate warming, resulting in changes in the atmosphere, land and oceans [6,7]. As a potential carbon sink, soil can be a key factor in addressing climate change. It is estimated that soils typically store about 1500 Pg of soil organic carbon in the 1 m depth profile (of which about 50% of this amount is estimated for the first 30 cm of soil depth) [8,9,10,11]. Exactly that topsoil or surface soil layer (0–30 cm) plays a crucial role in the cycling of greenhouse gases in the environment, precisely because organic substances accumulate in it the most, fine root turnover is greatest and microbiological activity is rich [12]. CO2 emissions in agriculture have various causes, such as (1) deforestation, (2) soil management, (3) fertilizer use and (4) energy consumption [13,14,15]. Reducing CO2 emissions through sequestration is of primary importance. The use of proper agricultural techniques maintains and increases the carbon content in the soil and plant material [16]. Thus, by applying good agricultural practices, carbon sequestration in the soil can be increased, thereby mitigating climate change [17,18,19,20]. Primarily, CO2 in the soil originates from two major sources: autotrophic respiration, which encompasses the respiration of plant roots and their associated mycorrhizal fungi, and heterotrophic respiration, which involves the respiration of microorganisms [21,22]. Furthermore, the microbial decomposition of organic matter, mineralization and respiration of soil and rhizosphere fauna contribute to the production of CO2 in the soil [23,24,25]. Mineralization occurs as a result of nitrogen application, which releases CO2 as a by-product. Decomposition of soil organic matter can lead to increased CO2 emission from the soil, because microorganisms rapidly degrade organic matter in the presence of excess nitrogen [26,27]. There are several factors that influence CO2 emissions related to corn production, such as land use change, different fertilizer application, machinery use, energy consumption and residue management [28,29,30,31]. For example, land use change, such as from forests or grasslands to cornfields, results in the release of CO2 stored in vegetation or soil [32]. Fertilizer application also increases greenhouse gas emissions from the production and transportation of these fertilizers, which contributes to CO2 emissions, mainly through fossil fuel combustion [33,34]. The same phenomenon occurs during decomposition of crop residues, especially in corn fields, where large amounts of post-harvest residues remain on the surface [35]. It is important to emphasize that management practices (fertilization, irrigation and/or tillage) can lead to increased CO2 uptake. Temperature is also an important factor in controlling the major processes in the C cycle [36], with increasing temperature accelerating organic matter decomposition, oxidation, microbial activity and C mineralization processes, leading to increased C-CO2 emission from the soil [37]. Soil moisture also affects CO2 production, distribution and microbial activity [38].



This paper evaluates the effect of different soil management in corn cultivation on CO2 emissions in three consecutive years with different fertilization. There are some specific objectives of this study: (1) to investigate the effects of soil temperature and moisture on the overall CO2 flux in corn fields in a conventional agroecosystem, (2) to compare and evaluate the effects of mineral, organic, dolomite and no fertilization application on CO2 emission and, finally, (3) to explore the potential of organic fertilizer and dolomite application in reducing CO2 emissions.




2. Materials and Methods


2.1. Study Site and Climate


The study field is located in Northeast Croatia, in Popovaca (N 45°33′21.42″, E 16° 31′44.62″). The soil type in the experimental field was classified as district Stagnosol [39]. General soil information can be found in Table 1.



Average annual temperature (°C) and average annual rainfall (mm) throughout the reference period (1991–2020) and study period (2013, 2015, 2017) are presented in Figure 1 and Figure 2, respectively. The climate at this research site is temperate continental, classified as “Cfwbx” according to the Köppen climate classification [40]. In the studied year (2013), the average precipitation was 1071.9 mm, ranging from a minimum of 6.3 mm in December to a maximum of 173.0 mm in November. The average annual temperature was 11.9 °C, with January the coldest at 1.3 °C and July the warmest at 23.0 °C. In 2015, average rainfall was 1002.5 mm, with a range from a minimum of 1.8 mm in December to a maximum of 199.1 mm in October. The average annual temperature was 12.4 °C, with February the coldest at 1.9 °C and July the warmest at 24.4 °C. In 2017, average precipitation was 938.6 mm, with a range from a minimum of 28.0 mm in August to a maximum of 191.0 mm in September. The average annual temperature was 12.4 °C, with January the coldest at −4.0 °C and July the warmest at 23.7 °C. The average annual air temperature of the 2015 and 2017 growing seasons was 0.5 °C higher compared to the reference period (1991–2020) and to the studied year 2013. However, average annual precipitation varied between years, with values above (2013 and 2015) and below (2017) the reference period average of 958.8 mm.




2.2. Experimental Design


The trial field was initially established in 1996 with the aim of determining optimal fertilization techniques under existing conditions. The goal was to find approaches that could increase crop yields without harming the environment, especially water resources. After 15 years, the scope of the experimental field was expanded to include studies measuring soil C-CO2 flux. The experimental treatments on the trial field had a size of 30 × 130 m2, including blank spaces. The distance between treatments was 2 m on each side, as well as between the four replicates. Regarding fertilization, four treatments were studied: (I) control treatment—no fertilization (CT); (II) 250 kg N ha−1 + P + K + dolomite (in 2013) (DOL); organic fertilization—250 kg N ha−1 + P + K + 40 t ha−1 of solid farmyard mixed manure (in 2015 and 2017) (OT); (III) 300 kg N ha−1 + P + K (MF); (IV) black fallow—no vegetation (BF). In the OF and MF treatments, fertilization with phosphorus and potassium was uniform, with application rates of 120 kg ha−1 for P and 180 kg ha−1 for K. In the studied years (2013, 2015, 2017), corn (Zea mays L.) was grown as a cover crop on the experimental field. Table 2 provides information on the growing year, sowing date, harvest date, fertilization and crop protection for the corn in the experimental field in each year of the study.




2.3. Laboratory Work


The following procedures were performed to determine the chemical properties of the soil at the experimental site. Soil sampling was performed in the topsoil layer, at a soil depth of 0–30 cm, using an Eijkelkamp soil probe. Average soil samples were obtained by combining four replicates from each treatment. Laboratory determinations including air-drying, homogenization and sieving (<2 mm) were performed according to the protocol HRN ISO 11464 [41]. Soil pH was measured using the electrometric method in a 1:5 (w/v) ratio with the Beckman pH-meter Φ72 in an H2O and KCl suspension according to the modified HRN ISO 10390 protocol [42]. The organic matter content of the soil samples was determined using the sulfochromic oxidation method, which involves wet combustion [43]. Available phosphorus and potassium were extracted by ammonium lactate solution and determined by spectrophotometric and flame photometric methods, according to the respective protocols [44,45]. Soil texture was determined by a sieving and sedimentation method after dispersion with sodium pyrophosphate (Na4P2O7,c = 0.4 M) according to HRN ISO 11277:2004 protocol [46]. Soil color (in dry condition) was determined according to the Munsell soil color chart.




2.4. Soil CO2 Concentration Measurement


Measurements of soil CO2 concentration were made six times in each investigated year (2013, 2015 and 2017). Measurements were made in the following months: April, June, July, August, September and October. They were performed in three replicates in all treatments. The in situ closed static chamber method was used to measure soil CO2 concentrations [36]. The chambers were made of lightproof metal material, and they consist of two parts: frames (25 cm in diameter) and caps fitted with a gas sampling port. The circular frames were inserted about 10 cm into the soil at the beginning of measurements. Before closing the chamber, the initial CO2 concentrations were measured. By closing the chamber on the soil surface, the accumulation of CO2 emitted from the soil was performed. After an incubation period of 30 min, the CO2 concentration in ppm was measured using a portable infrared CO2 detector (GasAlertMicro5 IR, 2011). Soil CO2 flux was calculated according to the authors [47,48], based on the increase in CO2 concentration over time using the following equation:


FCO2 = [M × p × V × (c2 − c1)]/[R × T × A × (t2 − t1)]








where FCO2 is the soil CO2 efflux (kg ha−1 day−1), M is the molar mass of the CO2 (kg mol−1), p is the air pressure (Pa), V is the chamber volume (m3), c1 is the CO2 concentration at the beginning of the measurement (µmol−1), c2 is the CO2 concentration at the end of the measurement (µmol−1), R is the gas constant (J mol−1 K−1), T is the air temperature (K), A is the chamber surface (m2) and t2 − t1 is the incubation period (day).




2.5. Measurements of Agro-Ecological Factors


For each measurement of soil CO2 concentration, air parameters, including temperature (°C), relative humidity (%) and pressure (hPa), were measured using Testo 511 and Testo 610 instruments (2011) at a height of about 0.5 m above the soil surface. Soil parameters, including temperature (°C), moisture (%) and electrical conductivity (mS/m), were measured using the IMKO HD2—probe Trime, Pico64 (2011). The rod sensor Pico64 is a combination and integration of probe and electronics. Two probes were pushed 10 cm into the soil next to each chamber at the time of CO2 concentration measurement, after which the measurement required approximately 4 to 5 s.




2.6. Statistical Analysis


SAS 9.1. statistical software (SAS Inst. Inc., 2002–2004, Cary, NC, USA) was used for data analyses. Variability between the years for each treatment and variability between the same treatments for different years were analyzed with an analysis of variance (ANOVA) and tested with a post hoc (Fisher) t-test. The significance level for all analyses was 5%. The linear relationship between C-CO2 emission and certain agro-ecological parameters such as soil temperature and soil moisture at 10 cm depth was investigated using regression analysis. The analysis was performed separately for each of the three years (2013, 2015 and 2017), from April to October.





3. Results


3.1. Soil C-CO2 Emissions under Different Soil Management


Figure 3 shows the results of soil C-CO2 emissions between four different fertilizer treatments for three years. In 2013, statistically significant differences were found between DOL and BF, with DOL having a C-CO2 value of 15.40 kg ha−1 day−1 compared to BF with a value of 9.84 kg ha−1 day−1. Similar differences were found between the MF and BF treatments, with the CO2 values of the MF treatment (15.48 kg ha−1 day−1) not differing from those of the DOL treatment. However, no significant difference was found for the other treatments. In 2015, significant differences were found between CT and BF, OF and BF, and MF and BF. The values obtained were as follows: BF—7.98 kg ha−1 day−1; CT—14.47 kg ha−1 day−1; OF—15.22 kg ha−1 day−1; MF—16.26 kg ha−1 day−1. The studied year 2017 showed no significant difference between the four treatments. The observed values ranged from 11.16 kg ha−1 day−1 in BF to 15.03 kg ha−1 day−1 in MF treatment.



No significant differences were observed in the CT among the years of the study. The same pattern was observed in the DOL and OF treatments, where lower values were observed in 2015 and higher values in 2013 and 2017. There were also no significant differences in MF treatment between the studied periods, but higher values were observed in 2017 and 2013. Finally, lower C-CO2 emissions were observed for BF in 2015 than in 2013 and 2017, but without statistically significant differences (Figure 3).



Figure 4 shows the results of average daily soil C-CO2 emissions between the four different fertilizer treatments for three years. In 2013, average daily soil C-CO2 flux ranged from 4.35 kg ha−1 day−1 to 24.64 kg ha−1 day−1. Obtained emissions in 2015 were from 2.30 kg ha−1 day−1 to 24.98 kg ha−1 day−1. In 2017, average daily emissions ranged from 2.97 kg ha−1 day−1 to 38.22 kg ha−1 day−1.




3.2. Relation of Soil C-CO2 Emissions with Soil Temperature and Soil Moisture


The dependence of soil C-CO2 emissions on soil temperature at 10 cm was determined by regression analysis for the three years studied. The data in Figure 5, Figure 6 and Figure 7 show that the correlation coefficients (r) were low in each year, indicating that the dependence between soil C-CO2 emissions and soil temperature (at 10 cm depth) was very weak in 2013 (r = 0.13), and weak in 2015 and 2017 (r = 0.40 and r = 0.27, respectively). In 2013, the linear regression by coefficient of determination (R2) values showed that only 1.7% of C-CO2 emissions depended on soil temperature. In 2015, the R2 value of 0.1589 showed that 15.9% of C-CO2 emissions from soil depended on soil temperature, while this value was 7.2% in 2017. Overall, the results showed that soil temperature had a weak but positive influence on C-CO2 emissions from soil during the three-year period. The correlations between C-CO2 emissions and soil temperature are shown graphically in Figure 5, Figure 6 and Figure 7.



The dependence of soil C-CO2 emissions on soil moisture at 10 cm depth for the three years studied was also determined by regression analysis. The values of correlation coefficients (r) presented in Figure 8, Figure 9 and Figure 10 show that the dependence between soil C-CO2 emissions and soil moisture (at 10 cm depth) was weakly positive in 2013 (r = 0.29) and 2017 (r = 0.31), but moderate negative in 2015 (r = 0.44). In 2013, the linear regression by R2 value showed that 8.64% of C-CO2 emissions depended on soil moisture. In 2017, the R2 value of 0.0938 showed that 9.38% of soil C-CO2 emissions depended on soil moisture. In general, the results showed that soil moisture had an influence on soil C-CO2 emissions, except in 2015. The correlations between C-CO2 emissions and soil moisture are shown graphically in Figure 8, Figure 9 and Figure 10.




3.3. Crop Yield


Figure 11 shows the results of corn (Zea mays L.) yield according to the investigated treatments for three years. Yield is shown for three treatments (CT, DOL/OF and MF). Yield was not determined for the BF treatment because it was a tillage treatment without seeding. In 2013, statistically significant differences were found between the CT (4.49 t ha−1) and DOL (10.34 t ha−1) treatments, while the MF treatment (7.48 t ha−1) was not significantly different from these two treatments. In 2015, significant differences were found between CT (0.89 t ha−1) and OF (7.74 t ha−1), and CT and MF (6.46 t ha−1). However, no significant difference was found between OF and MF. The same statistical differences were found in 2017 between CT (3.13 t ha−1) and OF (14.58 t ha−1), between and CT and MF (14.81 t ha−1). No significant difference was found between the observed rate of OF and MF.



Significant differences were observed between experimental years in CT, ranging from 0.89 t ha−1 to 4.49 t ha−1. DOL/OF was significantly different between 2013 (10.34 t ha−1) and 2017 (14.58 t ha−1) as well as 2015 (7.74 t ha−1) and 2017. The same pattern was observed for MF, where lower values were recorded in 2015 (6.46 t ha−1) and 2013 (7.48 t ha−1), while higher values were recorded in 2017 (14.81 t ha−1) (Figure 11).





4. Discussion


The results of this study indicate that different soil management practices affect soil C-CO2 emissions. Depending on fertilizer application, changes between overall CO2 movements were observed in the three years investigated. Although CT showed no statistical differences compared to DOL/OF, MF and BF (except in 2015), some changes in recorded emissions are evident (Figure 3). Nitrogen fertilization increased CO2 fluxes compared to no N fertilization (CT and BF), probably as a result of increased root respiration due to increased microbial activity. Although no statistically significant difference was found between DOL/OF and MF, the MF treatment recorded higher values in all three years (Figure 3). The opposite results were obtained by [49], where the application of organic liquid fertilizer significantly increased CO2 emissions from the soil compared to conventional fertilizer (urea). Similar studies also found lower emissions for mineral fertilized soils [50,51]. Comparable to this study, higher emissions were also found with mineral fertilization [52]. In general, some authors have confirmed that fertilizer addition affects fluxes of GHG from the soil [53,54,55].



Although there were no statistical differences between the three years in the CT, changes in the values are visible (Figure 3). For example, the values of C-CO2 emissions in 2015 were 1.04 and 1.08 times higher than in 2013 and 2017, respectively. Similarly, the results for the DOL/OF treatment showed 0.18 and 1.11 times higher C-CO2 emissions in 2013 than in 2015 and 2017, respectively. The application of dolomite in 2013 resulted in higher emissions compared to the other two years when organic fertilizer was applied. These results are consistent with [56], where dolomite increased cumulative CO2 emissions. Although dolomite is thought to improve soil conditions, which may lead to increased microbial respiration and release of organic carbon as CO2 [57], the reported results show considerable variability [58,59]. In this research, changes in rate were also observed in the MF treatment, where emissions in 2015 were 1.05 and 1.08 times higher than in 2013 and 2017, respectively. On BF, the C-CO2 rate in 2017 was up to 1.13 and 1.39 times higher than in 2013 and 2015, respectively (Figure 3). As mentioned earlier, between the three studied years, no significant differences were noted on the BF treatment due to similar treatment procedures on that plots. Similar findings were found in [60]. As shown in Figure 3, lower values of C-CO2 were recorded when compared to other treatments because of lack of surface cover, fertilization absence and lack of soil disturbance, since this treatment had not been subjected to any additional fertilization and tillage or crop cultivation [61,62,63].



The rate of soil respiration is often positively correlated with soil temperature [64,65]. This correlation can be attributed to the favorable conditions that higher temperatures create for the growth and activity of soil microorganisms. As a result, these conditions stimulate the release of carbon dioxide from the soil [66]. In this research, the recorded average overall soil temperature was 31.10 °C in 2013, 24.37 °C in 2015 and 29.63 °C in 2017. The lowest value of average monthly soil temperature was recorded in April 2015 at 10.70 °C, while the highest value was recorded in June 2013 (47.51 °C). The results observed in this study show a weak positive correlation between soil temperature and C-CO2 (Figure 5, Figure 6 and Figure 7). According to several authors, the relationship between soil temperature and CO2 emissions is very complex [67,68]. Therefore, the results obtained in the context of weak correlation may possibly be attributed to different temperature optima appropriate for different activities of individual microbial groups [69,70]. Moreover, in soils with organic matter more resistant to decomposition, the temperature sensitivity of decomposition may be reduced, resulting in minimal changes in CO2 emissions [71]. Similar results with a weak positive correlation between soil temperature and C-CO2 were found by several authors [72,73,74].



Soil moisture is also recognized as one of the most important environmental factors affecting soil respiration, whether through direct effects on roots and microbial activity or indirect effects on soil physical and chemical properties [75]. In this research, the recorded average overall soil moisture was 23.41% in 2013, 26.06% in 2015 and 21.06% in 2017. The lowest value of average monthly soil moisture was recorded in August 2017 and was 4.68%, while the highest value was recorded in October 2015 (40.38%). The results of this study are consistent with those of several authors who found a positive correlation [76,77] and a negative correlation [78,79] between soil moisture and CO2 emissions. In 2015, when a negative correlation was found (Figure 9), higher soil temperatures coincided with lower soil moisture, which limits microbial activity and thus reduces organic matter decomposition and subsequent CO2 emissions. These two environmental characteristics tend to change simultaneously [80]. Also, a possible explanation of the negative correlation between C-CO2 emissions and soil moisture can lie in the excessive soil moisture, which has a negative consequence in which anaerobic conditions could affect microbial respiration, thus leading to potentially lower CO2 emissions from the soil [79,81].



In this research, all three years followed the same pattern on CT treatment and recorded the lowest yield. These findings can be attributed to the lack of fertilization. Similar findings were found in several research studies [82,83]. The DOL and OF treatments had lower values in the year 2015 when compared to 2013 and 2017, probably because of high manure application. This can lead to nutrient imbalance and nitrogen depression, thus affecting maize growth [84]. Also, it is well-known that nutrients from manure release to soil slowly throughout a three-year period [85], so in 2017 when the yield on that treatment was the highest, this was because of higher nutrient availability for maize growth. And finally, the MF treatment had no significant differences throughout the studied period. This can be explained through nutrient stability and availability due to consistent mineral fertilization through the years [86].



It is known that soil respiration is also influenced by the presence of vegetation and increased crop yield. According to [87], the presence of powerful plant roots surrounded by a community of microorganisms plays an important role in promoting high soil respiration rates. In this research, in 2013 and 2015, C-CO2 emissions increased with increasing yield (Figure 11). Similar results were obtained by several authors [12,88]. Although a much higher yield was recorded in 2017 than in 2013 and 2015, C-CO2 emissions were the lowest (Figure 11). This result can be related to [89], where the mentioned authors explain that despite abundant vegetation, less carbon is available for release as C-CO2 emissions through soil respiration when plants use CO2 efficiently for biomass production. In addition, carbon retention in plant biomass can also reduce C-CO2 emissions [90].




5. Conclusions


This study shows that different management practices have an impact on soil C-CO2 emissions. In 2013 and 2015, a statistically significant difference was found between different fertilization treatments compared to bare soil, while in 2017 the values were not significantly different. In conclusion, the results indicate that different fertilization treatments affect soil C-CO2 emissions. For example, the DOL and MF treatments generally had higher emissions than the BF treatment, while soil emissions remained constant over time in the CT. Temporal variations occurred for the OF treatment, as well as for the MF treatment in 2013 and 2017, where higher emissions were observed. Average C-CO2 fluxes were positively correlated with soil temperature in all three years and positively correlated with soil moisture in 2013 and 2017, while negative correlation was observed in 2015. Crop yield varied in treatments and studied periods, so due to lack of any kind of fertilization, the yield increase was absent in the control treatment compared to fertilized ones. The differences observed in all treatments were influenced by the presence of corn vegetation, with emissions increasing in parallel with crop development. Even though this study showed different results, it needs to be mentioned that application of dolomite and manure did not provide expected results in the means of reducing the CO2 emissions, since their application enhanced microorganism activity, thus increasing respiration. These results show the importance of considering different fertilization practices and their impact on soil CO2 emissions in the context of agricultural and environmental management.
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Figure 1. Average annual temperature (°C) throughout the reference period (1991–2020) and study period (2013, 2015, 2017). 
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Figure 2. Average annual precipitation (mm) throughout the reference period (1991–2020) and study period (2013, 2015, 2017). 
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Figure 3. Average overall C-CO2 emissions per treatment during the investigated period. Upper hanging bar (max. value), lower hanging bar (min. value), upper box line (third quartile), line (median) and lower box line (first quartile). Different uppercase letters (A, B) represent significant differences between 4 treatments within each investigated year (p < 0.05). Different lowercase letters (a) represent significant differences between the same treatments for three investigated years (p < 0.05). 
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Figure 4. Average daily soil C-CO2 emissions (kg ha−1 day−1) during the investigated period. 
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Figure 5. Correlation between C-CO2 flux and soil temperature (°C) at 10 cm depth for investigated year 2013. (Level of statistical significance: *—p ≤ 0.05). 
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Figure 6. Correlation between C-CO2 flux and soil temperature (°C) at 10 cm depth for investigated year 2015. (Level of statistical significance: ns—not significant). 
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Figure 7. Correlation between C-CO2 flux and soil temperature (°C) at 10 cm depth for investigated year 2017. (Level of statistical significance: ns—not significant). 
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Figure 8. Correlation between C-CO2 flux and soil moisture (%) at 10 cm depth for investigated year 2013. (Level of statistical significance: ns—not significant). 
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Figure 9. Correlation between C-CO2 flux and soil moisture (%) at 10 cm depth for investigated year 2015. (Level of statistical significance: ns—not significant). 
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Figure 10. Correlation between C-CO2 flux and soil moisture (%) at 10 cm depth for investigated year 2017. (Level of statistical significance: ns—not significant). 
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Figure 11. Corn (Zea mays L.) yield according to the investigated treatments for three years. Upper hanging bar (max. value), lower hanging bar (min. value), upper box line (third quartile), line (median) and lower box line (first quartile). Different uppercase letters (A, B) represent significant differences between 3 treatments within each investigated year (p < 0.05). Different lowercase letters (a, b, c) represent significant differences between the same treatments for the three investigated years (p < 0.05). 
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Table 1. Soil properties of the study field.






Table 1. Soil properties of the study field.





	Soil Layer (cm)
	0–30





	Soil color (in dry condition)
	2.5Y 7/4



	Organic matter (g kg−1)
	10.1



	pH in H2O (1:2.5)
	5.74



	pH in KCl (1:2.5)
	4.84



	P2O5 (g kg−1)
	1.77



	K2O (g kg−1)
	1.05



	Clay (g kg−1)
	205



	Fine silt (g kg−1)
	308



	Coarse silt (g kg−1)
	485



	Coarse sand (g kg−1)
	1.5



	Texture classification
	Loam










[image: Table] 





Table 2. Seeding time, harvest time, fertilization and plant protection during three vegetation years.
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	Vegetation Year
	Sowing

Date
	Harvest

Date
	Fertilization
	Crop

Protection





	2013
	2 May 2013.
	8 October 2013.
	Basic f.—7 November 2012.

Supplement I—28 May 2013.

Supplement II—19 June 2013.
	10 May 2013.



	2015
	24 April 2015.
	3 November 2015.
	Manure f.—21–22 November 2014.

P&K—2 November 2014.

Basic f.—3 March 2014.

Supplement—6 June 2015.
	31 May 2015.



	2017
	12 April 2017.
	15 September 2017.
	Basic f., supplements I and II—5 June 2017.
	8 May 2017.
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
rT——

a8
r

2
2
s
0

R’

3073x 42339
0721 ns

027

10

Soll temperature (°C)

% w0

B






media/file4.png
Precipitation (mm)

N
-
o

ok
A
=)

—
-]
)

Ul
o

)

8 1991-2020 —2013 =—2015 ~— 2017






media/file18.png
C-CO, (kg ha 1 day )

35

30

25

20

15

10

y =-0.2998x +21.291
R2=10.1932 ns
7 r=044 ¢ .
@
] IS ¢ o
0. * o *
- ’ ’
........... s
A A TP * o L 2 .
| . . Ok ERIIT o ® * * .
. JRRTTI .’....g..o_ > ¢ d
| o POREETPIN .“”
¢ ¢ o * e® o o o ¢ o
| o * * »
*
* o &
0 5 10 15 20 25 30 35 40

Soil moisture (%)






media/file21.jpg





media/file3.jpg
w % e U N b %, T %,
v T Ty, e T,

5 19912020 —2013 —2015 2017






media/file22.png
Yield (t ha?)

e i e e
S N A O O

S N B~ O O

Ab

Ba

Bc
=

CT 2013 DOL 2013 MF 2013 CT 2015 OF 2015 MEF 2015

Bb

CT 2017 OF 2017 MF 2017






media/file19.jpg
£
§
§

¥=03333x + 63182

®

00939 ns
31

)

1s 2
Soil molsture (%)

s

W






media/file7.jpg
Sowing

. 120017,
Sowing Harvest  Sowing Harvest
020515, 081013, 240415 031115,
6" I f' 4 7

SCT svouor  swE_snr





media/file10.png
C-CO, (kg ha™l day ™)

40 -

y=0.1021x + 10.457 .
3% R2 = 0.0169*
r=0.13
30 -
* * . .
25 - . . )
*® »
20 -
0. *e .
- P U SO
..................... SR SRS ’
10 - . A X - )
*
*e
5 1 . R
L 2
0 ] ] I I | T . ' | |
0 5 10 15 20 25 30 35 40 e

Soil temperature (°C)






media/file14.png
C-CO, (kg ha 1 day?)

50 -

y =0.3073x +4.2339 .
45 - R?=10.0724 ns
r=0.27
40 - .
35 A .
* *
30 A »
*
25 - . .
*
20 - - %
...........
* ® et
151 . *» e : ............... .
10 - MUUURPRTLLLL A o ¢ o
* * o * L 2 *
5 A 0.0 * *
* 3’ : 0’“0
0 I 1 1 i I 1 I I I I
0 5 10 15 20 25 30 35 40 45

Soil temperature (°C)






media/file11.jpg
s

s

10

¥=02908 +63945
RP=01589 ns
=040

5 o

15 2 2
Soll temperature (°C)






media/file6.png
C-CO, (kg ha1 day™)

ks

N
o

W
o

N
-

—
-

O_

Aa
ABa _ L Ad

BT

CT 2013 CT 2015 CT 2017 DOL 2013 OF 2015

Aa

-

OF 2017 MF 2013 MF 2015 MF 2017 BF 2013 BF 2015 BF 2017






media/file15.jpg
[——

208 82958

T et epe

5 10 s Py 2 EY 3
Soll molsture (%)






nav.xhtml


  agronomy-13-02051


  
    		
      agronomy-13-02051
    


  




  





media/file16.png
C-CO, (kg ha™! day™)

40 -

40

> r=0.29
30 -
@
25 - .. |
fe3 . .
20 -
L . . . .
. ” *e SR TS
15 | . ....... ' ............ ’
’ L PP L L Qesseet &
...................... - i
104 e b reneeeeea® :
& ® ¢ o & * * P .’.’
5 7 * o0 - & . ’
*
0 I 1 | I | I ' I
0 5 10 15 o - . .

Soil moisture (%)






media/file2.png
Temperature (°C)

29"
20-
15
10-

v )
% 4@, % 4

g 1991-2020 —2013 —2015 — 2017






media/file20.png
C-COZ (kg ha—l day_l)

50 -

45 N R2= 0.0939 nS
40 - r=031 |
35 - |
¢ .
30 - | ’
.
25 4 | - |
20 |
_ ¢
’. . ‘ . . ........
. M TR ST RPPETLL
o . R R AAPTTTRPTELLL " i o
o Y T GU L ’
..... FOIE o : | ) |
5 - IS ° @ . . o o ot -
— i ¢ % o
0 1 I ] I | I I I
0 D 10 15 - - : !

Soil moisture (%)

40






media/file5.jpg
2 ¢ & 8
(A BB 000





media/file1.jpg
(0,) sumesaduway,






media/file12.png
C-CO, (kg halday™?)

35 -

y = 0.2908x + 6.3945
R?=0.1589 ns
30 - r=10.40 .
.
.
25 “ L * *
. . P
20 - ¢ ¢
FS AT sest®
¢ PP LLL
15 i ¢ * ..ooo. ...... eeert?t o
» O e PTTL LA A . e *»
1041 e vt N 00 ¢ ¢ .
- XX . » . .
5 | » L J
-
0 ] L] L L L L] 1 I 1
0 O 10 15 20 25 30 35 40

Soil temperature (°C)

45






media/file9.jpg
¥=0.1021x + 10457






media/file0.png





media/file8.png
C-CO, (kg ha! day )

300 Sowing
02.05.13.

Harvest
08.10.13.

Sowing

24.04.15.

Sowing
12.04.17.

Harvest

03.11.15.

I 3
= 0{:‘- I:_}\ ¥ {% f Qo
Y & & & e »
v 3 Q\.SJ O\.«
G"U

oCT = DOL/OF

N

Harvest
15.09.17.

_.&\ .&\ qu;s\ ,&\ .ﬁ\\,\ _,,Q
\ b 14 A






media/file17.jpg
€O, (g 1y

15

10

¥=-02998 +21.201

15

Soll moisture (%)

W

a5






