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Abstract 

The main objective of this study was to investigate the changes in soil physical properties, fuel 

consumption and greenhouse gas emissions when using Variable Depth Tillage (VDT) compared to 

Uniform Depth Tillage (UDT). The experimental research was carried out in the autumn of 2024. A tine 

cultivator was used at a depth of 15 cm for the UDT method, while this depth was varied between 10 

and 25 cm for the VDT method. Changes in soil bulk density before and after tillage were analysed, and 

fuel consumption and greenhouse gas emissions were assessed for both tillage methods. The results 

showed that the use of VDT reduced the negative changes in fuel consumption and environmental impact 

without reducing the quality of the tillage, estimated as the physical properties of the soil. 
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INTRODUCTION 

Pre-seeding tillage can be divided into three broad groups: conventional tillage, conservation tillage and 

no-tillage. Both conventional and conservation tillage can be deep or shallow. Each type of tillage has 

its own advantages and disadvantages. Conventional tillage improves the soil surface for seed placement 

and germination, increases macropore volume for better air and water infiltration, and improves root 

development immediately after tillage. This type of tillage distributes organic matter through the layers, 

which can improve nutrient availability to plants (Strunley et al., 2022). This conventional tillage 

method also facilitates mechanical weed and pest control (Thakur and Sidar, 2017). However, in 

contrast to the positive aspects, traditional tillage results in higher fuel consumption, which increases 

greenhouse gas emissions and farming costs. In addition, long-term traditional tillage causes soil 

moisture loss and structural degradation due to the destruction of surface structures (Veresoglou et al., 

2023; Al-Wazzan et al., 2022). As an alternative to conventional tillage, conservation tillage 

(Lithourgidis et al., 2009), strip tillage and no-tillage (Saldukaitė-Sribike et al., 2022) are widely used, 

reducing the risk of soil erosion, contributing to lower fuel costs and reducing the leaching of chemicals 

into groundwater (Kumar et al., 2022). Due to high fuel consumption, negative soil and environmental 

impacts and other problematic factors, variable depth tillage (VDT) has become increasingly popular in 

recent years (Meselhy, 2021; Wang et al., 2024; Tahmasebi et al., 2023). As technology improves, the 

efficiency of VDTs increases. To improve soil cultivation, depth control systems with sensors are being 

implemented more frequently (Šarauskis et al., 2024). Soil properties are assessed using sensors such 

as penetrometers or by determining apparent electrical conductivity (ECa). Then, variable-depth maps 

are produced to contribute to the efficient implementation of the site-specific tillage method (Khalilian 

et al., 2002). Soil ECa maps allow precise identification of areas in a field where site-specific tillage is 

required, minimizing disturbance to other soil layers (Corwin et al., 2003). According to Gorucu et al. 

(2001), the need for deep tillage can be significantly reduced by varying soil compaction in the same 

field, the depth of the plough pan, which ranged from 10 to 25 cm in the authors' study. Whattoff et al. 

(2017) also found that it is possible to reduce tillage depth by up to 40% across the field (Whattoff et al., 

2017). 

The main objective of this study was to investigate the changes in soil physical characteristics and fuel 

consumption when using variable depth tillage compared to uniform depth tillage. 
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MATERIALS AND METHODS 

Short-term experimental research was conducted in the autumn of 2024 (October). The research was 

carried out in the central part of Lithuania, in Kaunas district, on a 7-ha farmer's field at 55°09'20.0"N 

23°53'32.4"E (Figure 1a). Faba beans were grown as a pre-sowing crop. After harvest, the apparent 

electrical conductivity (ECa) of the entire field was determined using an EM38–MK2 electromagnetic 

induction soil scanner (Geonics Ltd., Mississauga, ON, Canada). The exact coordinates of the data were 

determined using a Trimble EZ-Guide 250 (Trimble Navigation Ltd., Alpharetta, USA). The data 

obtained were processed using soil and agricultural data management and analysis program SMS_v21_5 

(Soil Management System). The experimental field was then divided into zones. In order to assess soil 

variability and better show the differences between zones, 4 with different variable tillage depths (VDT) 

were selected for the research – 10, 14, 18; 25 cm, and using a uniform tillage depth (UDT), as a control 

method – 15 cm. In the field (Figure 1b), the VDT and UDT methods were carried out alternately in 

every second run. 

Soil density tests were carried out before and after tillage. Soil samples were taken manually at 3 

different depths – 0–10 cm, 10–20 cm and 20–30 cm. Samples were collected from 4 different zones: 

10, 14, 18, 25 cm in 3 replicates, with samples from the UDT variety taken in a similar way. 

 

a)      b)  

 

Fig. 1 Field location maps: a) – Experimental site (Lithuania M 1:1500,000; field: M 1:10.000);  

b) Field methods map: V – Variable Depth Tillage (VDT), U – Uniform Depth Tillage (UDT)  

(M 1:10,000)

 

The Fendt 1050 Vario 380 kW tractor and the Väderstad TopDown 500 multi-purpose cultivator were 

used for tillage, which consisted of 12.5 cm tine discs and 27 cm tines, followed by levelling discs and 

U-shaped double compaction rollers. The effective working width of the implement was 4.80 m, the 

weight was 7000 kg and the working speed was 12 km h–1. The working depth was changed using the 

Väderstad E-Services system. This system used Väderstad E-Control and allowed the soil to be worked 

according to a digital map via ISOBUS and the machine settings to be controlled automatically while 

driving according to the field map. E-Control was wirelessly connected to the implement, ensuring full 

access to its data flow and function control. The system controls and adjusts the tillage depth based on 

the readings from angle sensors installed on the tine harrow. The tractor's computer monitor displayed 

and recorded fuel consumption per hectare in real time. Using the GPS and a VDT map, the location 

and depth of tillage was visible on the monitor. 

The experimental data were statistically processed using ANOVA two-factor with replication and one–

factor analysis of variance methods. The significant influence of the VDT and UDT methods on soil 

density and fuel consumption was determined by calculating the least significant difference (LSD0.05) at 

the 95% level. 
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RESULTS AND DISCUSSION  

After carrying out the measurements of apparent electrical conductivity (ECa), a map was made showing 

the different tillage depth zones according to the different soil properties in the field (Figure 2). The 

largest part was the 21 cm tillage zone with a total size of 1.216 ha and 14 cm (1.193 ha), the smallest 

part was the 25 cm tillage zone – 0.871 ha.

 

 
 

Fig. 2 Variable depth tillage map (M 1:10,000) 

 

Soil density measurements showed different patterns of change depending on the depth of tillage and 

the method used. The control UDT method showed an increase in soil density of about 9% in the surface 

layer 0–10 cm (Figure 3) and a decrease of about 5% in the deepest layer 20–30 cm (Figure 4). Using 

variable depth tillage (VDT), in the same zone (0–10 cm), a decrease in density was observed starting 

from 18 cm working depth, with a decrease of about 2 % and about 1 % respectively at 25 cm working 

depth. The VDT method results in a soil density approximately 5% lower than the UDT method. In the 

deep layer of 20–30 cm, the soil density also decreased with a change of about 8 % in the 18 and 25 cm 

deep VDT. In contrast, no significant differences between the methods were observed in the middle 10–

20 cm depth. 
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Fig. 3 Change in soil density before and after application of UDT and VDT methods at a depth of     

0–10 cm (LSD0.05 = 0.07 g cm–3 (before); LSD0.05 = 0.10 g cm–3 (after); LSD0.05 = 0.08 g cm–3 

(before and after)) 

 

 
 

Fig. 4 Change in soil density before and after application of UDT and VDT methods at a depth of   

20–30 cm (LSD0.05 = 0.18 g cm–3 (before); LSD0.05 = 0.14 g cm–3 (after); LSD0.05 = 0.15 g cm–3 

(before and after)) 

 

The fuel consumption per hectare was measured and presented in a fuel consumption bar chart (Figure 

5). Using Uniform Depth Tillage method, the average fuel consumption was 7.32 l ha–¹. For variable 

depth tillage, the fuel consumption at 10, 14, 18 and 25 cm depth was 5.27, 6.14, 8.98 and 19.18 l ha–¹ 

respectively. 

 

 
 

Fig. 5 Fuel consumption using UDT and VDT methods 

 

The experimental research carried out in this study has shown that positive results can be achieved by 

using VDT. The trend of the change in soil density in both the lowest 0–10 cm and the deepest 20–30 

cm layers was similar, when working at lower depths of 10–14 cm, the density after working increased, 

and when working at the deepest depths of 18–25 cm, the density decreased. These results were 

influenced by multi-purpose tine harrow design. As the working depth is increased, the position of the 

roller at the end of the implement is changed, resulting in the roller exerting more pressure on the soil 

at lower depths and less pressure at higher depths. Lower density can improve the penetration of plant 
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roots into deeper soil layers, water retention and the stability of soil aggregates (Wells et al., 2005; 

Mahindru et al., 2024). 

When comparing the results with other studies conducted by scientists, a similar trend was found. In a 

study conducted by Fox et al. (2018), using the Clemson smart plough, which constantly measures the 

soil depth and adjusts the soil depth from 0 to 45 cm, fuel consumption was found to be 45% lower than 

when working with the UDT method, which had an average depth of 38 cm. In addition, the VDT 

method accurately eliminated soil depth and preserved the natural porosity and structure of the soil (Fox 

et al., 2018). In a study by Meselhy et al. (2021), variable depth tillage was applied to areas where the 

soil penetration resistance reached 2 MPa. They found that the VDT method could reduce fuel 

consumption by about 47% compared to uniform tillage at a depth of 35 cm. It also effectively broke up 

compacted soil layers that hindered root growth and crop productivity (Meselhy, 2021). 

Kim et al (2006) applied variable depth tillage to the cone index (CI) to determine soil strength and 

compaction layers. Based on CI values, 10 cm, 20 cm or 40 cm tillage depths were determined. The 

constant depth was set at 20 cm. The results showed that using VDT, about 75% of the study area 

required a shallower tillage depth than uniform tillage, which reduced energy requirements, resulting in 

a 28.4% reduction in fuel consumption, and soil layers with CI greater than 1.0 MPa reached less than 

1.0 MPa after VDT (Kim et al. 2006). 

The results showed that fuel consumption during tillage depends not only on the tillage method and soil 

characteristics, but also on the terrain, especially differences in altitude. For example, in one of the 

variable depth tillage (VDT) zones with a working depth of 25 cm, a large part of the area was located 

on a slope, which resulted in significantly higher fuel consumption than in the other VDT zones (18 cm) 

and (UDT) zone (15 cm). 

Fuel consumption during tillage is strongly related to environmental impact. Considering that burning 

one liter of diesel fuel releases 2.76 kg CO2eq into the environment (Pishgar-Komleh et al., 2013), this 

means that in areas where greater depth is required, the environmental impact can increase significantly. 

Taking this dependency into account, the environmental impact in our study ranged from 14.54 to 52.94 

kg CO2eq for VDT and 20.20 kg CO2eq for UDT. 

 

CONCLUSIONS 

Post-harvest and pre-sowing tillage methods have both positive and negative aspects in terms of their 

impact on soil, fuel consumption and the environment. Our mapping-based tillage studies showed that 

the average change in soil density in the upper soil layer was lower with VDT than with UDT. Similar 

trends were found in deeper soil layers. In addition to soil conservation, another important aspect of 

tillage change is the reduction in fuel consumption and associated greenhouse gas emissions. In 

summary, precise variable tillage can help to reduce fuel consumption, maintain a cleaner environment 

and reduce the cost of agricultural production.
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