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Abstract:  Soil water retention and soil compaction are very important factors in the plant production and environment protection. The 

field investigations of the variation of soil moisture and soil density of Luvisol loamy sand in arable layer and in hard pen during sugar beet 

growing season in conventional tillage with implementation of mineral and organic fertilization were realised. In the growing season the soil 

moisture extremely fluctuates in the range from 4 to 18%. At the same time, it causes fluctuations of soil density, which totally decreases in 

time. Starting from June one can observe that the natural changes of the soil moisture cause contrary changes of soil density. Mostly, the soil 

moisture and soil density variation during growing season are similar in ruts and at the field besides the ruts. Generally, the organic 

fertilization increases the soil retention to about 4 % in arable layer and profitable enhance the loosened action of water. 
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1. Introduction 
Crop production needs, among other, the optimal soil 

compaction and water content for obtaining satisfactory results [1, 

2, 3]. These factors are as well very important in environment 

protection [4]. Now, we observe small and unregularly rainfalls and 

harmful soil compaction caused by passage of tractors and 

machines what implicate the above problems of special 

significance. These problems are important in all soil cultivation 

systems, also, in the conventional system realised to this day at 

giant farmlands [5].  

 Soil moisture expressed as a quotient of water mass and 

dry soil mass, in % (w.b.) is one of the most important indicators of 

water retention. Soil moisture changes during plant growing season 

under the influence of numerus factors, including soil-climate 

conditions, plants, soil compaction, organic matter, depth, etc. [1, 2, 

5, 6]. Soil moisture variations result in change of water availability 

for plants in time. Variation of water content at depth determine 

morphology and architecture of plant root system and in 

consequences plant growth [7, 8, 9, 10]. Some researchers indicate 

that water can compress and loose soil and these processes depend 

on the water content and on many other factors [6]. Soil density is 

one of important factors determining crop yield. It is changed 

especially by soil tillage and by wheels passage of tractors and 

machines [1, 2, 11]. This higher soil dense can favour to retention 

of rainfall water. What more, soil moisture changes can influence 

the soil density what depends on numerous factors, among others, 

organic maters content and numerous other local factors [6]. The 

researches prove that the subsoil is also compacted what determines 

water content and other processes important for plant growth, 

depending on the factors presented above [12]. 

Above analyse results with the conclusion that the 

problem of moisture and soil density changes in time is very 

complicated and unknown. This implicates investigations conducted 

under different conditions to achieve the knowledge to make 

practical use of them. 

The aim of this paper is the determination of: 

- soil moisture and density variation in arable layer and in hard pen 

during sugar beet growing season in conditions of mineral and 

manure fertilisation, 

- and the effect of soil moisture on soil density by implementation 

mineral and manure fertilisation. 

The investigations in ruts made by tractor during seeds sowing and 

at the field places without these ruts were realised. 

2. Materials and methods 
The experiment was carried out in the Central Poland Region, 

on soil Luvisol loamy sand (sand 2-0.063: 75%, silt 0.063-0.002: 

20%, clay <0.002: 5%) [13]. The place of the experiment and the 

range of factors under analysis were characteristic for agriculture in 

that region. The average density of soil solids was 2.63 g∙cm-3. The 

content of organic matter in the soil in the arable layer before 

fertilisation ranged from 1.5 to 1.7%. The investigations were 

realised in a conventional cultivation system at the arable fields. In 

autumn the ploughing at the 24 cm depth with harrowing was 

performed. In spring the sugar beet seeds of cultivar Sonja were 

sowed. The distance between rows amounted to 45 cm, the distance 

between seeds in rows 24 cm and the depth of sowing 4 cm. This 

operation using drill Unicorn 3 (6 rows) combined with Zetor 7411 

tractor (with 34 kN weight) was realised. The experiment was 

performed at the two fields. At the first field the typical mineral 

fertilisation of P K in 35% in autumn was realised. In spring the N P 

K fertilizer was applicated two times. At the second field the 

manure in dose by weight 40 Mg/ha in autumn was distributed.   

The moisture and soil density were measured in both of 

these fields 7 times during vegetation periods from April to 

October. Four divided plots of the two fields were randomly 

ordered and were the repetition of the experiment. The soil probes 

were taken from ruts (in rut) and from fields places without ruts (w. 

rut) using 100 cm3 cylinders. In the ruts from the layer at the depth: 

15-20 (layer I), 20-24 (layer II) and from hard pen from 30-35 cm 

(h.p.). At the places of the fields without the ruts (w.rut) from the 

depths: 5-10 (layer I), 18-22 (layer II) and from hard pen 30-34 cm 

(h.p.). The soil density and water content were measured with the 

gravimetric (weight-dryer) method. The soil density was expressed 

as g∙cm-3 and the soil weight water content was expressed in % 

(w.b.). These parameters characterise soil only for the moments 

when the probes were taken. The monthly precipitation and air 

temperatures in the year of investigations are presented in the Table 

1. 

 

Table 1 Monthly precipitation and air temperatures in the year of 

investigations 
Month I II III IV V VI VII VIII IX X XI XII  

Precipitation, 

in mm 
48,0 32,9 45,4 38,3 20,2 106,7 72,8 63,0 103,8 92,8 32,3 17,0 

Sum 

673,2 

Temperature, 

in Celsius  

degree  

1,5 4,1 3,0 10,1 14,5 17,3 17,6 16,9 13,9 8,0 2,6 1,1 - 

The regression equations, determination rates and 

correlation coefficients in this paper using professional statistic 

program STATISTICA 12 were determined. 

 

3. Results and Discussion 
Figure 1 shows the soil moisture variation in arable layer and 

in hard pen during sugar beet growing season at the field with 

mineral fertilisation and at the field with manure fertilisation. These 

results indicate that the soil moisture extremely fluctuated under 

natural factors during growing season. The soil moisture changes in 

the field with mineral fertilisation in the range from 5 to about 17% 

and in the field with manure fertilisation from 5 to about 22 %. 

Generally, the variation of the soil moisture during vegetation 

period run across similarly in the arable layer and in the hard pen. 

Nevertheless, one observed the higher soil moisture to about 4-5% 

in the arable layer in the field with manure fertilisation. This prove 

that the introduced organic material is profitable for the higher 

water retention.   
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Fig. 1 Soil moisture changes in arable layer (a.l.) and in hard pen 

(h.p.) at the field with mineral and manure (M) fertilisation during 

sugar beet growing season (w.rut – without rut). 

 

The soil density variation in the arable layer and in hard 

pen during growing season at the field with mineral fertilisation at 

the Figure 2 and at the field with manure fertilisation at the Figure 3 

is presented. At these Figures we observe that the soil density 

fluctuated at the time, but, generally, on medianly it decreases 

during growing season. The density fluctuations amounted on 

average to about 0,1 g∙cm-3. The similar soil density changes occur 

in the arable layer and in hard pen, as well, at the fields with both 

kinds of fertilisation.  

Generally, the soil moisture and soil density variation 

during growing season are similar in ruts and at the field besides the 

ruts.  

Generally, from the analyse of the Figures 1, 2 and 3 

results from that when the soil moisture is low then the soil density 

is high, and when the soil moisture is high then the soil density is 

low. This dependence occurs in growing season from June and take 

place in the arable layer and in hard pen, as well, at the fields with 

both kinds of the fertilisations. The soil density changes amounted 

on average to about 0,1 g∙cm-3 under influence of natural changes of 

the soil moisture amounted on average to about 10%. We can 

assume that it is caused by known mechanism of soil shrinkage 

under influence of soil drying and soil loosening under influence of 

soil wetting [6].  

 
Fig. 2. Soil density changes in arable layer and in hard pen at the 

field with mineral fertilisation during sugar beet growing season. 

 
Fig. 3. Soil density changes in arable layer and in hard pen at the 

field with manure fertilisation (M) during sugar beet growing 

season. 

At the Figure 4 the two dependencies of the soil density 

on the soil moisture: first for the mineral fertilisation and second for 

the manure fertilisation – they are presented and analysed. Each of 

these dependences was determined as a result of investigations 

conducted with these soil parameters from layers: I, II and hard pen 

in rut and from field places besides ruts (w.rut). The two 

dependencies by the linear regression equations and determination 

rates were described. Analyse of this Figure results with the 

conclusion that the correlation between soil moisture and soil 

density at the field  

 
Fig. 4. Soil density versus soil moisture at the field with mineral 

and manure fertilisation. 

 

with mineral fertilisation is fairly week. Correlation coefficient for 

this dependence amount to r = -0,36. This proves that the higher soil 

moisture weakens influence at the lowering of the soil density when 

is used along with the mineral fertilisation. The determination rate 

for the regression equation for the above dependence amounted to 

R2 = 0,14. This shows that the soil moisture only in 14% cause the 

soil density decrease. 

At the same Figure 4 we see that the soil density linear 

decreases when the soil moisture increases at the field with manure 

fertilisation. The correlation between soil moisture and soil density 

is fairly high. Correlation coefficient for this dependence amount to 

r = -0,6. The determination rate for the regression equation 

amounted R2 = 0,36. Basing on these facts we can stated that the 

organic material from manure fertilisation enhances the loosing 

action of water. At the Figure 3 we see that the soil density at the 

field with manure fertilisation by high moisture amounted on 

average about to 1,45 g∙cm-3, while at the field with mineral 

fertilisation (Fig. 2) amounted on average to about 1,55 g∙cm-3. This 

soil density lowering is especially showing in ruts where the soil is 

more dense.   

 

4. Conclusions 
The following conclusions in the investigation conditions 

of this work were formulated: 

1. The soil moisture extremely fluctuated, similarly in the arable 

layer and in hard pen, during sugar beet growing season. 

2. Generally, the soil density fluctuates during whole growing 

season. In total, the soil density decrease in time.   

3. It is observed that from June the soil moisture variation causes 

considerable depended changes of soil density. At this time the 

natural higher increase of soil moisture lowering of the soil density 

and deep drying the soil compact.  

4. Generally, the soil moisture and soil density variation during 

growing season are similar in ruts and at the field besides the ruts.  

5. Generally, the organic fertilization increases soil moisture to 

about 4 % in arable layer.  

6. Organic fertilisation profitable help in decrease of soil density 

under action of water. This effect occurs especially in soil more 

dense initially in rut. 
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