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Abstract: This paper aims by changes in field soil compaction in dependence on time and weather conditions, like current air 
temperature, current weather conditions, average monthly air temperature and average monthly rainfall. Experimental data were taken from 
11th November to 10th March 2017 nearby České Budějovice, the Czech Republic. The soil compaction was measured by penetrometer up 
to 80 cm at thirty different places. The average temperature in November was 2.1 °C and in December was -0.9 °C, which are common 
temperatures in this season in the Czech Republic. Magnitudes of the compaction are almost similar up to the deepness of 30 cm, whereas the 
soil compaction grows significantly from 20 cm of depth. There is a break-point at about 30 cm of deepness, where the magnitude of soil 
compaction stops growing and starts falling. The soil compaction from 30 cm and deeper decreased according to elapsed time after tilth. 
Interpretation of this data could assist in deciding on agricultural machinery passes over plowed soil with minimal undesirable compaction of 
the subsoil. 
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1. Introduction 
Soil consolidation, in primary plant production, is an 

undesirable phenomenon, which is the root cause of number of 
negative phenomena, such as reducing crop yields or worsening 
water retention in the countryside. The process of pedocompaction  
is defined by the most of authors as the reduction of air porosity and 
permeability through the process of physical degradation of soil. 
Nowadays, one of the most important factors, that influences 
pedocompaction, is the movement of agricultural technology  
on a land [1]. 

Methods of assessing and observing soil compaction are as 
diverse as individual directions that can be investigated when soil is 
compacted. Compaction can be detected by visual or laboratory 
methods (eg [2]). Sandin et al. [3] used X-ray tomography for soil 
structure and saturation after soil treatment. Naveed et al. [4] used 
even more modern, computerized, tomography when observing the 
soil structure. Shahgholi and Abuali [5] measured field soil 
compaction using potentiometers located in the soil profile. Soil 
penetrometer resistance measurements can also be used to quickly 
assess soil compaction. This method was used by Taghavifar and 
Mardani [6] while they were assessing the effects of speed and load 
and number of land crossings, on soil compaction. Barik et al. [1] 
based their observations on uninterrupted soil sampling, after  
a number of agricultural technology crossings. Then the samples 
were examined for changes in soil physical properties such as soil 
aggregate stability, bulk density, total porosity, penetration 
resistance and moisture content. The biggest changes in these 
parameters were recorded at a depth of up to 10 cm below the 
surface. Radford  
et al. [7] conducted their observations on a specific sample  
of agricultural technology. They monitored changes in soil 
properties, after using harvesting techniques. 

Such as other science disciplines, computer models have been 
recently used for better understanding of the processes which take 
place in soil, during the transition of agricultural technology. These 
models allow for example to estimate the decomposition  
of compressive forces induced by agricultural technology. One of 
the first models was designed by Lozano et al. [8]. Keller and 
Arvidsson [9] used computer models to design measures that will 
lead  
to reduction of pedocompaction, using track and half-track chassis. 
The input parameters of the model are load on the track, track 
width, track length, number of support rollers, wheel and roller 
diameter. 

Currently the method of permanent tracks is considered to be 
the best accessible technology, leading to minimization of negative 

effects of agricultural technology crossings to soil. Bennett et al. 
[10] conducted their comparative research of conventional and 
controlled agricultural technology crossings and its impact on soil 
sources. Accordingly to their conclusion, there is less plants per 
hectare in the system of controlled crossings of agricultural 
technology, when compared with the use of system conventional 
crossings. Nevertheless the yield from the land is higher. However, 
the technology of controlled crossings is not sufficiently tested in 
terms of long-term time. 

Natural soil compaction can also be called as soil consolidation. 
It is the gradual dismantling of the soil and increase of its 
penetrometer resistance. According to Sabetamala et al. [11],  
the dynamic porous environment behaves accordingly to Biot's 
theory, and the solid phase of the soil, if not behaving linearly, is 
controlled by Mohr-Coulomb theory or Modified Cam-Clay model. 
The assessment of the methods for predicting volumetric changes  
of expansive soils per time was performed by Adem and  
Vanapalli [12]. They concluded that the predictions are based on 
three methods - consolidation theory, methods of volume moisture, 
and suction methods. 

2. Materials and Methods 
Measurement of spontaneous soil compaction was taking place 

from November 2016 to beginning of March 2017, on the 
experimental land in České Budějovice, whose position is captured 
in Figure 1. The area of the experimental land was 0.37 ha. The 
time before the first and last measurement was 119 days. 

The land is located in a slightly warm and slightly humid 
climatic region, characterized by an average annual temperature of 
7-8 ° C and an average annual rainfall of 550-650 mm. The land is 
flat, slightly sloping and is not significantly oriented to some world 
side. The soil layer on the experimental land is middle-deep (40-60 
cm) to deep (> 60cm). The soil on the land is medium-porous, non-
skeletal to lightly skeletal and is moderately to lightly inclinable to 
hardening. The soil type of the land is up to 40 cm of a depth sandy-
loam and in deeper layers it passes into loamy soil. The texture of 
the experimental land in three different layers of the soil horizon is 
shown in Table 1. The experimental land was ploughed two days 
before the first measurement. The data was taken from [13]. 
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Figure 1: A photo of the experimental land 

 

Table 1: Percentage representation of individual soil fractions on 
experimental land depending on depth 

 Depth beneath the surface [cm] 

 0-20 20-40 40-60 

Sand [%] 
(particles’ diameter 

>0,05 mm) 
52,3 50,7 33,9 

Silt [%] 
(particles’ diameter 

0,001-0,05 mm) 
25,2 23,5 23,8 

Clay [%] 
(particles’ diameter 

<0,001 mm) 
22,5 25,8 42,3 

 

Spontaneous compaction of soil was measured through the 
penetration resistance of the soil against penetrating it with a cone 
apex of a penetrologger. This device counts the penetrometer soil 
resistance Rp [MPa] according to: 

(1) 𝑅𝑅𝑝𝑝 = 𝐹𝐹
𝑆𝑆∙100

,  

where F [N] represents the force captured by the device and  
S [cm2] is surface of the base of the apex used for penetration. 
During the measurements, the surface of the cone´s apex base was 1 
cm2 and the penetrometer resistance was recorded up to 80 cm of a 
depth. During all other measurements the surface moisture, air 
temperature, characteristics of weather and average surface 
moisture of soil were stated. The measurements took place 2, 9, 16, 
37, 114 and 121 days after the soil was ploughed. The received 
values are presented  
in table 2. 

Table 2: Weather description during measurements 

Days after 
plough 

Measurement 
date 

Air 
temperature 

[°C] 

Weather 
character. 

Average 
surface 

moisture of 
soil [%] 

2 days 11.11.2017 2.5 cloudy, 
drizzling 19,6 

9 days 18.11.2017 3 clear 23,7 

16 days 25.11.2017 6 cloudy 24,6 

37 days 16.12.2016 0 partly cloud 20,6 

114 days 3.3.2017 5 clear 18,7 

121 days 10.3.2017 4 cloudy, 
drizzling 25,6 

 

3. Results and discussion 
Comparison of the penetrometer resistance recorded during 

individual measurements is presented in Figure 2. The most 
significant increase of penetrometer resistance values up to 50 cm  
of a depth, seen in the figure 2, was recorded during the fifth and 
sixth measurement. After the first measurement, the soil compaction 
in less than 40 cm of a depth, was reduced. 

 
Figure 2: Penetrometer resistance received out of individual measurements 

 

The changes of penetrometer resistance during individual 
measurements, which took place on different days, are presented in 
table 3. Table 4 presents percent changes of penetrometer resistance 
compared to values received during the first measurement. 

Table 3: Change of penetrometer resistance after individual  
measurements (%) 

 

0-30 
cm 

31-40 
cm 

41-50 
cm 

51-60 
cm 

61-70 
cm 

71-81 
cm 

9 days -13,62 0,62 -22,98 -26,40 -30,06 -17,12 

16 days 39,28 -6,63 -1,55 -3,34 -4,67 -3,89 

37 days 2,31 -1,91 -0,56 12,46 28,37 26,74 

114 days 43,21 35,34 23,98 -1,03 -15,93 -19,57 

121 days 14,80 2,35 -5,49 0,86 1,11 -0,44 

 

The results show gradual increase of the penetrometer 
resistance (i.e. soil compaction) at a depth of 0-40 cm. The only 
exception is the second measurement, carried out 9 days after the 
land was ploughed, where the surface moisture, which was 5% 
higher, could have affected the results. On the contrary, at a depth 
of 41-80 cm during the second (November 18, 2016) and the third 
measurement (November 25, 2016), there was gradual reduction of 
the penetrometer resistance, which was probably caused by soil 
regeneration after the soil was ploughed. 

The fourth measurement (December 16,2016), which took place 
37 days after the land was ploughed, shows increase of 
penetrometer resistance in its entire depth, except for a depth of 31-
50 cm, where the penetrometer resistance is practically the same as 
in the previous measurement. This phenomenon can be explained 
by lowering average daily air temperatures and freezing of the soil. 
The air temperature at this measurement was the lowest of all 
measurements. The fifth (March 3, 2017) and the sixth (March 10, 
2017) measurements were carried out in the spring, after thaw of the 
soil. The trend of increasing penetrometer resistance, at a depth of 
50 cm and on the contrary, its reduction from a depth of 51 cm, is 
noticeable in the measured values. The increase of penetrometer 
resistance at depths up to 30 cm was also noted during the last, 
sixth, measurement. For depths greater than 60 cm the differences 
between the measurements are no longer significant. 
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Table 4: The percent change of penetrometer resistance related to the first 
measurement (%) 

 

0-30 
cm 

31-40 
cm 

41-50 
cm 

51-60 
cm 

61-70 
cm 

71-81 
cm 

9 days -13,62 0,62 -22,98 -26,40 -30,06 -17,12 

16 days 12,05 -6,09 -24,20 -28,88 -33,35 -20,30 

37 days 9,55 -7,78 -24,67 -20,14 -14,47 0,73 

114 days 59,25 24,91 -6,75 -21,12 -28,17 -18,97 

121 days 77,12 28,08 -11,80 -20,51 -27,42 -19,32 

 

The table 4 shows changes of penetrometer resistance in upper 
layers of soil up to a depth of approx. 50 cm. This process is a result 
of spontaneous compaction of ploughed soil up to borders near  
to values of natural penetrometer resistance. 

Based on the values presented for depths of 41 -81 cm, it can be 
presumed that during the first days after the crossing, it comes  
to regeneration of the soil compacted by crossing with agricultural 
technology. Nevertheless, the percent values presented indicate, that 
the referential measurement (day 2) was significantly negatively 
affected by air conditions (rainy weather). That is reflected by 
decrease of penetrometer resistance already after 9 days since the 
soil was ploughed, however it can be presumed that values 
measured  
as comparable, were affected by moisture or by other effects.  

4. Conclusions 
In conclusion, it can be said that soil is a constantly changing 

nature formation formed from the surface residues of the earth's 
crust under the influence of soil-forming factors and organic 
remains of dead plants and animals. Soil is the environment of soil 
organisms and habitat for both crop and weed plants. By human 
activity the land is transformed into a space, reserved for cultural 
crops but it is also severely damaged. These negative impacts are, to 
a large extent, eliminated by the regeneration processes that take 
place in the soil. The experiment conducted on the lands of the 
Agricultural Faculty, University of South Bohemia, showed not 
only the differences in penetrometer resistance between the 
different layers of soil, but also its changes accordingly to weather 
and weather conditions. Understanding the regeneration processes 
can help to improve soil condition and farming on it. 

Acknowledgement 
The team of authors thank for the financial support of the Grant 

Agency of the University of South Bohemia in České Budějovice. 
This article was created as a part of GAJU project 094/2016 / Z. 

References 
1. Barik, K, E.L. Aksakal, K.R. Islam, S. Sari, I. Angin. Spatial 

variability in soil compaction properties associated with field 
traffic operations - Catena, vol. 120, 2014, pp. 122-133. 

2. Obour, P.B., P. Schjønning, Y. Peng, L.J. Munkholm. Subsoil 
compaction assessed by visual evaluation and laboratory  
methods - Soil & Tillage Research, in press, 2016. 

3. Sandin, M., J. Koestel, N. Jarvis, M. Larsbo. Post-tillage 
evolution of structural pore space and saturated and  
near-saturated hydraulic conductivity in a clay loam  
soil - Soil & Tillage Research, vol. 165, 2017, pp. 161-168. 

4. Naveed, M., P. Schjønning, T. Keller, L.W. de Jonge, P. 
Moldrup, M. Lamandé. Quantifying vertical stress transmission 
and compaction-induced soil structure using sensor mat and X-
ray computed tomography - Soil & Tillage Research, vol. 158, 
2016, pp. 110-112. 

5. Shahgholi, G., M. Abuali. Measuring soil compaction and soil 
behaviour under the tractor tire using strain transducer - Journal 
of Terramechanics, vol. 59, 2015, pp. 19-25.  

6. Taghavifar, H., A. Mardani. Effect of velocity, wheel load and 
multipass on soil compaction - Journal of the Saudi Society  
of Agricultural Sciences, vol. 13, 2014, pp. 57-66. 

7. Radford, B.J., B.J. Bridge, R.J. Davis, D. McGarry, U.P. Pillai, 
J.F. Rickman, P.A. Walsh, D.F. Yule. Changes in the properties 
of a Vertisol and responses of wheat after compaction with 
harvester traffic - Soil & Tillage Research, vol. 54, 2000,  
pp. 155-170. 

8. Lozano, L., M.M. Rolim, V.S. Oliveira, U.E. Tavares,  
E.M.R. Pedrosa. Evaluation of soil compaction by modelling 
field vehicle traffic with SoilFlex during sugarcane  
harvest - Soil & Tillage Research, vol. 129, 2013, pp. 61-68. 

9. Keller, T, J. Arvidsson. A model for prediction of vertical stress 
distribution near the soil surface below rubber-tracked 
undercarriage systems fitted on agricultural  
vehicles - Soil & Tillage Research, vol. 155, 2016, pp. 116-123. 

10. Bennet, J.McL., S.D. Roberton, T.A. Jensen, D.L. Antille, J. 
Hall. A comparative study of conventional and controlled traffic  
in irrigated cotton: I. Heavy machinery impact on the soil 
resource - Soil & Tillage Research, vol. 168, 2017, pp. 143-154. 

11. Sabetamal, H., M. Nazem, J.P. Carter, S.W. Sloan. Large 
deformation dynamic analysis of saturated porous media with 
applications to penetration problems - Computers and 
Geotechnics, vol. 55, 2014, pp. 117-131. 

12. Adem, H.H., S.K. Vanapalli. Review of methods for predicting 
in situ volume change movement of expansive soil over  
time - Journal of Rock Mechanics and Geotechnical 
Engineering, vol. 7, 2015, pp. 73-86. 

13. Institute for Soil and Water Conservation, Czech Republic. 
Summary maps of Research. [quoted 20.4.2017],  
online: http://mapy.vumop.cz/. 
 

 

112

SCIENTIFIC PROCEEDINGS V INTERNATIONAL SCIENTIFIC-TECHNICAL CONFERENCE "AGRICULTURAL MACHINERY" 2017
WEB ISSN 2535-0277 

PRINT ISSN 2535-0269

YEAR I, VOLUME 2, P.P. 110-112 (2017)




