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SUMMARY 

 
 

This study aims to assess a permanence of spatial structure of foci SOC and water accumulation in the 

scale of usual agricultural field. Identification of such permanent places of accumulation of organic 

matter will allow to concentrate efforts to reduce CO2 emission in land use. 
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Introduction 

 

Soil heterogeneity in the landscape plays a key role in the sustainability of ecosystem services and 

provides a powerful basis for achieving resilience in the face of complex environmental issues 

(Dronova, 2015). Realising the importance of properly management in soil organic carbon (SOC) 

mineralization processes for prevention further accelerate climate change initiates deeper studying in 

the field of its spatial distribution on scale of soil individuals and soil aggregates (Falconer et al., 

2015; Portell et al., 2018). In this case, Chernosems and Phaozems provide the most potential 

possibilities for reduction of CO2 emission due to their high stock of SOC in the top layer. According 

to S.Baliuk et al. (2017), the total SOC stock in Chernozems in Ukraine is 116-418 t/ha which is much 

more than in other soil types. Meanwhile, a distribution of SOC in soil cover does not equable and 

close links to water distribution. As C. Zhang et al. (2017) show, local conditions such as soil water 

content, SOC and field capacity played more important role in spatial distribution of soil dried layers 

then climatic factors. So, taking spatial variation of SOC and water movement into account would 

increase the accuracy in prediction of CO2 emission flux. M. Zhu (2015) and Y.Zhang et al. (2019) 

have noted lower decomposition of soil organic matter at sites with lower elevations. This study aims 

to assess a permanence of spatial structure of foci SOC and water accumulation in the scale of usual 

agricultural field. Identification of such permanent places of accumulation of organic matter will 

allow to concentrate efforts to reduce CO2 emission in land use. 

 

Methods 

 

The field observations were carried out at the research field of the NSC "Institute for soil science and 

agrochemistry research named after O.N. Sokolovsky" (State Enterprise "Experimental Farm 

"Grakivske" (Kharkiv region, Ukraine), in 2018–2020. The research field was divided into a 

patchwork of more-or-less rectangular plots, each with an area of 1.5-2.0 ha. Soil sampling was 

carried out before seeding and after harvesting when soil heterogeneity caused by fertilizers should be 

minimize. Mixed samples of soil material from 0-20 cm were taken from a 5x5m plot in the middle of 

these rectangles. Soil organic carbon was determined by sulfochromic oxidation, mineral nitrogen 

(nitrate and ammonium) by the photometric method with disulfophenolic acid and Nessler reagent. 

The water content was determined by the gravimetric method after drying under 105 oC. Statistical 

analysis of the experimental data was conducted using Statistica 10. 

 

Initial soil and climatic data. The research field has area 48.7 ha where soil cover is a very complex, 

and includes five kinds of soil: Phaeozem Haplic, Phaeozem Haplic eroded, Phaeozem Pachic, 

Phaeozem Luvic, and Phaeozem Endogleyic (Fig. 1).  

 

 
Figure 1 The location of the field 1 on the basic soil map that has been draw up by Solovey et al 

(2016). Soil types: 1 - Phaeozem Luvic, 2 - Phaeozem Haplic eroded, 4 - Phaeozem Haplic, 6 - 

Phaeozem Pachic, 7 - Phaeozem Gleyic 

 

Spatial heterogeneity of soils was studied in accordance with the methodology of precision farming, which 

involves obtaining geospatial data from small areas within the same agricultural field. Hovewer, lack 
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information in distributing soil organic carbon (SOC) at local to landscape scales leads to incorrect carbon 

budgets in agriculture (N.R. Patton at al., 2019). Meanwhile, H.R. Manns et al. (2016) have found high 

correlation among SOC and field-mean soil water content. Recent C. Schillaci et al. (2021) research suggests 

that the use of legacy data to estimate SOC concentration dynamics requires soil resampling in the same 

locations to overcome the stochastic model errors. As my research has suggested, water distribution data 

might help to better understanding of SOC distribution. 

 

As far as my research was carried out during 3-year period we used a data regarding precipitation and 

temperature in these years. Weather conditions for the study period in 2018-2020 were quite diverse (Table 

1). The two-months drought were in 2018 April-May and in 2019 June-July. The most comfortable 

hydrothermal conditions for crops were in 2020. So, the growing season in 2018 was arid at the beginning of 

plants vegetation, in 2019 was arid in the middle parts, and in 2020 was well moisturized. 

 

Table 1 Weather conditions during the study period 

Months 

Air temperature, ℃ Precipitation, mm 

2018 2019 2020 
average annual 

data 
2018 2019 2020 

average annual 

data 

April 12.4 11.5 9.2 11.0 12.9 44.5 46.3 34.5 

May 19.9 18.4 15.6 17.9 15.9 43.4 57.5 38.9 

June 21.6 24.8 19.3 21.9 43.5 15.2 68.1 42.2 

July 23.0 21.4 21.3 21.9 28.7 38.8 83.3 50.2 

August 23.1 21.2 20.9 20.3 1.2 8.0 6.3 42.0 

April- August 20.0 19.5 17.3 18.6 102.2 149.9 261.5 207.8 

 

Results 

 

The accumulation of moisture in the topsoil was uneven in space and time. The moisture content in 

the driest periods in the spring 2018 and in the autumn 2020 was in the range of 8-12%, and during 

periods with normal precipitation it reached 24 %. The differences between the individual test sites 

are much weaker. It turned out that it is practically impossible to reveal significant differences in the 

moisture content of the arable layer based on data from one year. However, these differences become 

well distinguishable in the total accumulation of moisture over 3 years. As Figure 2 shows, the 

greatest accumulation of moisture is observed in areas with Phaeozem Gleyic, and the maximum 

difference in moisture accumulation over 3 years is about 15%.   

 
Figure 2 Moisture content in the arable layer at the sampling sites in 2018-2020 

 

SOC accumulation is close links to moisture accumulation only in the periods with good 

precipitations, predominantly in autumn (r=0.53-0.54). In general, correlation between SOC and soil 
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moisture is rather weak (r=0.25). However, we can note a tendency towards less content during 

periods of drought (Fig.3). Perhaps this is due to increased mineralization of organic matter or other 

reasons. 
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Figure 3 The relationship between moisture content and SOC in the arable layer 

 

Our data indicate not only that SOC content is not the same within the same agricultural field, but also 

changes over time with different intensity. During severe soil drying, large losses of carbon dioxide 

can be expected and vice versa, the accumulation contributes to the retention of moisture in the 

topsoil. 

 

Also, our research proves the conventionality of the average value of carbon for a field of large area. 

Although the average SOC content in the arable layer that has been calculated on the sample set 

n=120 is 1.93±0.02 % but variation in different parts of the field ranged from 1.25 % to 3.17 %. The 

smallest SOC variability was about 0.2% and the largest one exceeded 1.2% (Fig. 4). In the latter 

case, a measurement error is not excluded. In general, the variability of the measurement results at one 

point was 0.3-0.5 %, which is also quite high. 

 

Thus, one cannot be sure of the correctness of the estimate of the spatial heterogeneity of carbon 

based on the results of one round of measurements. Unequal moisture conditions in different parts of 

the field, as well as the likelihood of analytical error, make it necessary to carry out several repeated 

rounds of the survey. Currently, methods of remote sensing have already been well tested. Therefore, 

it is technically possible to draw up a reliable map of the spatial distribution by summarizing the 

results of remote sensing observations over a period of 3 years. Such a map may serve as a more 

reliable zero line for further SOC monitoring in the management of the land plot than one-time 

observation. 

 

Conclusions 

 

Observations of spatial distribution of SOC and moisture in the topsoil for 3 years indicate the 

existence of a relationship between these indicators. The closest relationship was observed after 

harvesting in the absence of severe drought. At the same time, a high SOC variability was noted; 
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therefore, for monitoring it is better to use not simultaneous measurements, but averaged over a 

certain period. 

 

 
Figure 4 SOC content in the arable layer at the sampling sites in 2018-2020yer 

 

References 

 

Dronova I. (2017) Environmental heterogeneity as a bridge between ecosystem service and visual 

quality objectives in management, planning and design. Landscape and Urban Planning, 163, 90-

106. DOI: 10.1016/j.landurbplan.2017.03.005 

 

Falconer RE, Battaia G, Schmidt S, Baveye P, Chenu C, Otten W (2015) Microscale Heterogeneity 

Explains Experimental Variability and Non-Linearity in Soil Organic Matter Mineralisation. PLoS 

ONE, 10(5): e0123774. DOI:10.1371/journal.pone.0123774 

 

Portell X., Pot V., Garner P., Otten W., Baveye P. (2018) Microscale Heterogeneity of the Spatial 

Distribution of Organic Matter Can Promote Bacterial Biodiversity in Soils: Insights from 

Computer Simulations. Frontiers in Microbiology. 27 July 2018. DOI:10.3389/fmicb.2018.01583 

 

Baliuk S., Medvedev V., Kucher A., Solovey V., Levin A., Kolmaz Yu. Ukrainian chernozem as a 

factor in global food security and resilience of agriculture to climate change. Proceeding of Global 

symposium on soil organic carbon, Rome, Italy, 21-23 March 2017. 

http://www.fao.org/3/bs034e/bs034e.pdf  

 

Zhu M. Soil erosion assessment using USLE in the Gis environment: a case study in the Danjiangkou 

Reservoir Region, China. Environmental Earth Science. 2014. 73(12) DOI: 10.1007/s12665-014-

3947-5 

 

Zhang Y., Zhang G., Pan J., Zhanhui F., Chen F., Liu Y. (2019) Soil organic carbon distribution in 

relation to terrain &land use – a case study in a small watershed of Danjiangkou reservoir area, 

China. Global Ecology and Conservation, 20, e00731. DOI:10.1016/j.gecco.2019.e00731 

 

Patton N.R., Lohse K., Seyfried M.S., Godsey S., Parsons S.B. (2019) Topographic controls of soil 

organic carbon on soil-mantled landscapes. Scientific reports, 9:6390. DOI:10.1038/s41598-019-

42556-5 

 

Scillaci C., Saia S., Lipani A., Zaccone C., Acutis M. (2021) Validation the regional estimates of 

changes in soil organic carbon by using the data from paired-sites: the case study of Mediterranean 

arable lands. BMC Carbon Balance and Management, 16:19. DOI:10/1186/s13021-021-00182-7  

 

Manns H.R., Parkin G.W., Martin R.C. (2016) Evidence of a union between organic carbon and water 

content in soil. Canadian Journal of Soil Science, 96, 305-316. DOI:10/1139/cjss-2015-0084 

https://doi.org/10.1016/j.landurbplan.2017.03.005
https://doi.org/10.3389/fmicb.2018.01583
http://www.fao.org/3/bs034e/bs034e.pdf
http://dx.doi.org/10.1007/s12665-014-3947-5
http://dx.doi.org/10.1007/s12665-014-3947-5
https://doi.org/10.1016/j.gecco.2019.e00731

