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SUMMARY  

The soil tillage is still the most complicated agro-technical measure where 
more than 30% of the total energy is deployed for the plant production. In the 
field conditions, the effect of rotary tiller as well as other machines for the 
supplementary treatment of the soil structure aggregates was examined in this 
study. The following tools and machines were used for the soil tillage: harrow 
(HA), rotary tiller (RT) and disc harrow (DH). In particular, it is interesting to 
determine the effect of rotary tiller and other machines for the soil tillage on the 
treatment quality as well as on the excessive attrition and making the powder 
structure and its degradation. By the soil tillage with different tools and machines 
(harrow, rotary tiller, disc harrow), there were changes in the condition of the soil 
aggregates, i.e. the decrease of the total content mega structural aggregates for 
17.72%. At the soil treatment by rotary tiller (RT), the statistically significant 
higher values of the structure coefficient ratio were found in regard to the tillage 
with the harrow as well as the disc harrow for all examined depths 1.94-2.75 and 
high content micro structure aggregates (diameter <0.25 mm) of 6.37%. The 
values of volumetric mass before the tillage were in the great range from 1.06 to 
1.29 g/cm3 depending on the depth, while the average values of the volumentric 
mass (VM) of the examined soil after the treatment were in the range from 0.92 
to 1.17 g/cm3. By testing the ratio of volumetric mass (XZM), the statistically 
significant differences were determined for the type of treatment while the 
measured depth has not shown the statistically significant difference. Contrary to 
the ratio of volumetric mass (XZM), the ratio of structure coefficient (Xk) showed 
a significant difference in the soil treatment by rotary tiller while the measured 
depth had a statistically significant differences in all three variances.   

Keywords: soil tillage, rotary tiller, structure aggregates, structure 
coefficiant, treatment intensity, soil bulk density. 
 

INTRODUCTION 
The soil tillage is still the most complicated agro-technical measure where 

more than 30% of the total energy is deployed for the plant production (Marković 
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et al., 1995, Moteva et al., 2017). The rotary tiller (rotary cultivator) are machines 
which are used for shattering the lumps as well as for the attrition of soil 
especially in adverse conditions (hard, dry soil), backfilling and mixing with the 
compost soil and plant leftovers, destroying of weed (that is reproduced 
generatively), husking of stubble and the basic treatment, especially in the 
orchards, vineyards, gardens and so on. The rotary tillers as individual machines 
are used less because of relatively high energy consumption in relation to the 
tools with passive working gears (Marković et al., 1996; Bajkin, 2006).  

The main reason why the rotary tillers should be used more is a significant 
working effectiveness, easy handling, flat soil area after the treatment and good 
soil attrition (Páltik et al., 2003, Salokhe and Ramalingam, 2003). During the 
treatment and under the effect of a certain mechanic power, the soil is shattered, 
torn, decomposed into pieces, aggregates, sputtered and it produces the mass 
made of very different aggregates, lumps and dust by size (Vučić, 1987). The 
analysis of the soil structure shows a figure of the content quantity of certain 
structural elements fractions, their reciprocal relation especially the content of 
micro (diameter <0.25 mm), macro (diameter 0.25-10 mm) and mega aggregates 
(diameter >10 mm) (Ponjičan et al., 2011a).  

The environment significance of the soil structure is large and it is taken 
for the key of the soil fertility. The structure is a regulator of water-air and 
thermal relations. A large venting and water-tightness of the soil is a prerequisite 
for a good anaerobic, biological and biochemical activity (Miljković, 1996).  

Upon all types of the soil structure and from the agronomic aspect, the 
most favorable soil structure is the crumbly soil structure, i.e. the aggregate of 
0.25-7 mm and in some cases even to the 10 mm, but in the drier regions the 
aggregates of 0.25 to 2-3 mm are the most favorable from the aspect of the soil 
fertility (Vučić, 1987). The soil tillage quality can be effectively assessed by 
measuirng the physical properties of the soil. The volumic mass (soil bulk 
density) is especially suitable for determining the treatment effects before and 
after the soil treatment (Nozdrovický, 2007; Ponjičan et al., 2009).  

By decreasing the excessive and unnecessary attrition, the energy used for 
the soil treatment would be reduced (Matjašin et al., 1988; Mitrovic et al., 2017) 
and the soil resources would be kept better by lower release of CO2 (Lal, 2000). 
The analysis of the soil structure aggregates was done for different machines' 
constructions of the soil tillage. The main task of examination is to determine the 
quality of the soil tillage by different types of machines for pre-sowing soil 
preparation. It is specifically interesting to determine the effect of rotary tiller and 
machines for the soil treatment on the quality of cultivation, but also on the 
excessive attiration and making of the powder structure as well as its degradation. 

 
MATERIAL AND METHODS 

The examination of the rotary tiller and machines effect for the 
supplementary soil tillage on the structure (aggregate composition) of the soil was 
carried out in the field conditions on the locality of Mokro, municipality of Pale, 
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Entity of Republic of Srpska, Bosnia and Herzegovina (latitude 43° 52´ 33˝ and 
longitude 18° 36´ 26˝), during 2019 on the soil type dystric cambisol (brown acid 
soil). By the texture composition, the dystric cambisol belongs to the type of 
sandy loam which means that the soil has favorable physical properties because 
of a suitable relation of water and air in its micro and macro pores. The machines' 
examination for the soil tillage on the structure was carried out on the previously 
ploughed soil. 
For the soil tillage, the following machines were used: 
•harrow (HA) 
•rotary tiller (RT) 
•disc harrow (DH) 

The depth of examination of tools and machines was 10 cm for the harrow 
and disc harrow and 15 cm for the rotary tiller. After the tillage, taking of the soil 
samples was carried in different depths (upper layer 0-5 cm, middle layer 5-10 
cm and lower layer 10-15 cm). For the needs of determining the structure 
coefficient, the soil samples were taken in the damaged soil of the average mass 2 
kg, by seam thickness of 5 cm, to the depth of 20 cm in three repetitions. For the 
needs of the soil bulk density, the samples were taken in non-damaged (natural 
condition) by the Kopecky cylinders of 100 cm3 (Dugalić and Gajić, 2005). 

The physical characteristics of the soil were determined by measuring the 
soil bulk density and structure coefficient (Nozdrovický, 2007; Petrovic et al., 
2010; Sakin et al., 2011). For the needs of examination, the methodology and 
laboratory equipment ware used by the accredited Laboratory for soil of the 
Federal Institute for Agro-pedology. The mechanical content of the soil was 
determined by B-international pipet method and the texture category was 
determined by the triangle of Fere (Soil survey manual, 1995). The volumetric 
soil mass (soil bulk density) was determined by the method of Kachinsky and by 
the Kopecky cylinder of 100 cm3, drying on 105°C till the constant mass. (Hadžić 
et al., 2004). 

The structure coefficient (k) was determined by the method of the field dry 
sieving (Radojević and Petrović, 2011) and by the sieves that is used for 
determining the soil structure content and whose hole size is defined by the 
Savinov method (Hadžić et al., 2004). The structure coefficient (k) is defined as a 
mass relation between macro structural aggregates (0.25-10 mm) and sum of 
mega (>10 mm) and micro (<0.25 mm) structure aggregates (Šein et al., 2001; 
Ponjičan et al., 2012): 

k =  

The intensity of the soil tillage was determined via the soil bulk density 
ratio (XZM) and the structure coefficient ratio (Xk), (Ponjičan et al., 2011a). Soil 
bulk density ratio (XZM) was assessed via the relation of the volumetric mass 
value after the tillage (ZMNO) and the volumetric mass before the cultivation 
(ZMPO) by the machine for the soil tillage throughout the equation:  

XZM =  
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The structure coefficient ratio (Xk) was calculated via the relation of the 
structure coefficient value after the tillage (kNO) and the structure coefficient 
before the tillage (kPO) throughout the equation: 

Xk =  

The assessment of the measured data was done in the licensed Excel 
program 2010 and IBM SPSS Statistics 21. The testing was carried out at the 
point of significance of 5% by F-test analysis variance and Tukey (HSD) test. 
 

RESULTS AND DISCUSSION 
The examined type of soil (brown acid soil – distric combisol) had the 

following percentage of the mechanical fractions: coarse sand 6.20%, medium 
sand 52.80%, powder 35.30% and clay 5.70% and it belongs to the category of 
sandy loam. During the tillage, the soil humidity varied in the intervals from 9.31 
to 16.90% at the depth of 0-10 cm, at the average of 12.32% at the depth of 0-5 
cm, 12.52% at the depth of 0-10 cm, 13.18% at the depth of 10-15 cm. The 
examination was carried out by the optimal values of the instantaneous soil 
humidity where it comes to the formation of a favourable crumbly soil structure 
and minimal used energy for the soil tillage (Birkás, 2008a). 

The reliable indicator of soil dispersion and degradation represents the 
presence of microstructural aggregates <0.25 mm (Vučić, 1987). The mass part of 
microstructural aggregates was the largest on the surface soil seam 0-10 cm 
which was prepared by the machines for the surface preparation with the passive 
work gears of harrows and disc harrows and a classical rotary tiller. 

 

 
Figure 1. Percentage share of structural soil aggregates in relation to tillage type 

and measurement depth 
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The results of structure aggregates examination through the sieving by 
concretely determined sieves and by the Savinova method are shown in the figure 
1. The examined soil was a field. Then, the main tillage was done by a plough at 
the depth of 20 cm and then a thorough tillage was carried out by different tools 
and machines. A high share of coarse soil aggregates was found by the main soil 
tillage (>10 mm), approximately 40.76% at the depth of 0-15 cm, while the 
average percentage share of macro aggregates (0.25-10 mm) was 55.95% and the 
share of micro aggregates (<0.25 mm) was 3.28% at the examined soil depth.  

By the soil tillage with different tools and machines (harrow, rotary tiller, 
disc harrow), there were changes in the conditions of soil aggregates, i.e. the total 
content decrease of mega structural aggregates. Cultivating the soil by a harrow 
(HA) at the depth of 0-15 cm, the percentage content of mega structural 
aggregates was determined in the amount of 33.65%, at the depth of 0-15 cm. The 
content of macro structural aggregates after the soil cultivation by a harrow was 
62.34%, while the content of micro structural aggregates had the value of 4.01%. 
Unlike the harrow tillage, the treatment by a disc harrow (TD) showed the 
following percentage values of the structural aggregates’ content at the depth of 
0-15 cm: the content of mega structural aggregates 31.95%, macro structural 
aggregates 62.80% and micro structural aggregates 5.25%.  

 
Table 1. Structure coefficient (k) and share of micro structural aggregates 

(<0.25 mm) depending on the tillage type and measurment depth. 
Parameter Structure coefficient - k < 0.25 mm (%) 
Depth (cm) Tillage HA RT TD Average HA RT TD Average 

0-5   1.96 2.69 2.04 2.23* 4.47 7.99 5.45 5.97* 

5-10   1.71 1.94 1.61 1.76 4.29 4.98 5.41 4.90 

10-15   1.39 2.75 1.50 1.88 3.26 6.15 4.88 4.76 

Average 
 

1.69 2.46* 1.72  4.01* 6.37* 5.25*  

*Testing was carried out by Tukey (HSD) p<0.05 
 Assessment scale of aggregate soil content per values of structure coefficient 
(Šein, 2001) 
 
  good structure k>1.50 
  satisfactory 0.67<k<1.50 
  unsatisfactory k<0.67 

 
The content of mega structural aggregates at the depth of 0-15 cm was 

23.04%, macro structural aggregates 70.58% and micro structural aggregates 
6.37% for the soil tillage by rotary tiller (RT) and it is significantly higher from 
the previous two variances. A few authors state that the optimal relation of macro 
structural aggregates can be higher than 70%, whereby the perennial examination 
of the relation of structural aggregates (mega: macro: micro) was increased from 
35:55:11% to 13:79:8% to the benefit of macro structural aggregates which are 
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the most favorable for the growth and development of cultivated cultures (Birkás, 
2008b). Upon the previously mentioned statements, it can be concluded that the 
high quality surface soil preparation was carried out by utilizing the rotary tiller 
(RT) where the closest relation of structural aggregates was calculated of 23:71:6. 

A detailed figure for the comparison of the soil tillage quality between the 
examined machines is especially determined by the structure coefficient (k) 
(Ponjičan, 2008). At the tillage with the rotary tiller (RT), the statistically 
significant higher values of structure coefficient ration were determined in regard 
to the tillage by a harrow and disc harrow for all examined depths (Table 1.) 

According to the assesment scale of the aggregate soil content (Šein, 
2001), after the tillage with the above mentioned machines and tools in all 
measurement depths, an enhanced and satisfactory structure of examined soil was 
found. Comparing the quality of treated soil by harrow (HA) and disc harrow 
(TD), the statistically significant derogations of structure coefficient were not 
found, while the tillage with the rotary tiller (RT) had a statistically significant 
variances of the structure coefficient from 2.46.  

In terms of depth of the examined soil profile 0-15 cm and by all 
measurement combinations, the statistically significant difference was found in 
the soil cultivation by the mentioned machines and tools only at the depth of 0-5 
cm. At the depth of 10-15 cm for rotary tiller (RT), the highest value of the 
structure coefficient k = 2.75 was derived and that represents unnecessary 
attiration of soil which negativly affects on the energetic balance of the soil 
tillage. At the same time, it unfavorably affects the water and air regime of soil 
and it comes to the increased mineralization of soil and unnecessary as well as 
excessive release of CO2 (Lal, 2000).  

The secure indicator of dispersion and degradation of soil represents the 
existance of micro structural aggregates (<0.25 mm) (Vučić, 1987). By the 
increase of the soil attrition intensity comes to the growth of the micro structural 
aggregates content (Birkás, 2008a).  

By testing the machines for soil tillage, the statistically significant 
difference was found for all types of cultivation, the highest content of micro 
structural aggregates was determined for RT 6.37%, and the lowest for HA 4.01% 
(Table 1). During the soil tillage, RT on the soil surface layer 0-5 cm, the 
statistically significant value of  7.99% was found for micro structural aggregates, 
while treating the soil with HA and TA the value was 4.47% and 5.45%. 
Regarding the increase of the examined depth, i.e. measurement depth the share 
of micro structural aggregates decreases for all examined variances. By testing 
the machines for tillage on the soil surface seam of 0-5 cm, there is a significant 
difference in an average value of the micro structural aggregates content of 5.97% 
and that is one of the indicators of the soil dispresion and its degradation.  

The volumetric mass (soil bulk density) shows the mass of absolute dry 
soil in the natural, undamaged state in the volume unit. Its values are used for the 
assessment of the soil compression level and for calculation of the total soil 
porosity. Before the tillage, the volumetric mass values had been in the range 



The effect of rotary tiller and other machines for tillage on the soil structure aggregates 257 

from 1.06 to 1.26 g/cm3 depending on the depth, approximatelly 1.18 g/cm3. 
According to the expectations, for the soil conditions before the tillage, higher 
values of volumetric mass were measured that is highly expressed at the depth of 
10-15 cm from 1.26 g/cm3. The values of volumetric mass above 1.6 g/cm3 
represent the barrier for the growth of root system of cultivated plants and it also 
comes to the water stagnation as well as to the anaerobic processes in the soil. 
From the stated reasons, it is necessary to decrease the number of technological 
processes during the soil tillage (Resulović and Čustović, 2002). 

The average values of volumetric mass (VM) or soil bulk density of the 
examined soil for all types of tillage (Table 2) were statistically significant, while 
the effect of tillage at the measurment depth showed the statistically significant 
difference only on the soil surface layer of 0-5 cm. 

 
Table 2. Volumetric mass or soil bulk density (VM) depending on the 

trillage type and measurement depth. 
Parameter VM (g/cm3) Average 
Depth (cm) Tillage HA RT TD 
0-5  1.09 0.81 0.96 0.95* 
5-10  1.17 0.99 1.09 1.08 
10-15  1.25 0.97 1.09 1.10 
Average  1.17* 0.92* 1.05*  

*Testing was carried out by Tukey (HSD) p<0.05 
 
Similar values are stated (Ponjičan et al., 2009) who had obtained values of 

the volumetric mass on treated soil at the depth of 10 cm in his examinations, but 
the value was from 0.990-1.186 g/cm3 depending on the pre-culture and the 
previous type of tillage. In the same way, Larney and Bullock (1994) state in their 
examinations that humidity and type of soil tillage have a significant effect on the 
value of volumetric mass when it comes to the decrease of the soil volumetric 
mass at the depth of 0-6 cm in the average of 0.26 g/cm3. 

The intensity of attrition of the soil aggregates relates the state of soil 
before and after the tillage and it is expressed in the soil bulk density ratio (XVM) 
as well as the structure coefficient ratio (Xk). The values of the volumetric mass 
ratio for higher intensity of attrition of soil aggregates are lower, but the values of 
structure coefficient ratio are higher (Figure 2). During the minimization of the 
energy used for the soil tillage, it is necessary to know the parameters of the 
attrition intensity of the soil aggregates as the soil bulk density ratio and the 
structure coefficient ratio (Matjašin et al., 1998; Asl and Singh, 2009; Ponjičan et 
al., 2011b). 

By testing the soil bulk density ratio (XVM), the statistically significant 
differences were found for the type of tillage (Figure 2a), while the measurement 
depth has not shown the statistically significant difference. Contrary to the soil 
bulk density ratio (XVM), the structure coefficient ratio (Xk) showed the 
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significant difference in the soil tillage by rotary tiller (Figure 2b), while the 
measurement depth had a statistically significant difference in all three variances. 
The proven values of the structure coefficient ratio (Xk) have shown a higher 
intensity of the soil aggregates attrition during the soil tillage by the rotary tiller 
where there is unnecessary attrition and degradation of soil at the depth of 10-15 
cm which is accordance with the results (Ponjičan et al., 2011b). 

 

Figure 2. Tillage intensity depending on the tillage type and measurement depth: 
1.soil bulk density ratio, 2.structure coefficient ratio 

CONCLUSIONS 
Based on the examinations carried out in the field conditions for different 

types of machines for pre-sowing soil preparation as well as measuring the 
physical properties of soil, it was found that there are clearly expressed 
differences in the quality of tillage and the intensity of soil attrition depending on 
the type of tillage and depth of examination (measurement). 

The enhanced tillage quality is determined for the soil tillage by a rotary 
tiller, and the relation of structure aggregates of 23:71:6 with a significantly 
favorable form per depth. However, at the depth of 10-15 cm for rotary tiller 
(RT), the highest value of the structure coefficient k=2.75 was determined which 
represents unnecessary soil attrition and it affects the degradation of the soil. 
Before the tillage, the values of soil bulk density (VM) were in the range from 
1.06 to 1.29 g/cm3 depending on the depth, approximately 1.18 g/cm3, and after 
the soil tillage the average values (VM) had the following values in the range of 
0.92 (RT) to 1.17 (HA). Selecting an optimal system of the soil tillage, the energy 
efficiency of the soil tillage can be increased by the minimal soil degradation for 
the purpose of the environment protection. The quality of soil tillage and the 
attrition intensity of the soil aggregates must be arranged to the needs of growing 
plants. 
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