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Abstract: Manufacturers are looking for innovative solutions to improve the sustainability of their
products in terms of environmental, economic, and social issues. Many studies demonstrate that
conservative tillage techniques can be more advantageous for the environment and farmer profits
than conventional tillage techniques. However, conservative tillage tools have certain disadvan-
tages, including challenging weed control and stagnation issues in humid conditions due to low
soil porosity at depth. In this study, field tests were conducted comparing the performances of a
conventional tillage technique, using a ripper and a rotary tiller, and the usage of an innovative rotary
ripper (Rotoripper). The comparison was performed in terms of energy requirements, through data
acquisition during tillage operations, tilled soil quality, through soil sieving and cone penetration
tests, and ownership costs, through acquired field data and literature databases. The results indicate
that increased porosity of the soil in the deepest layer and increased cost-effectiveness are the main
advantages attainable with the use of the Rotoripper instead of conventional tillage equipment.
However, because of the low soil segregation level achieved with the Rotoripper, additional tillage
activities are required before planting.
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1. Introduction

Global food production must increase to feed the growing world population, but
this should not come at the expense of reducing greenhouse gas (GHG) emissions [1]. In
order to enhance productivity while reducing farming’s environmental impact, researchers
and policymakers have been attempting to identify solutions that would promote the
sustainable intensification of current farming systems [2]. Strategies to accomplish this
aim were suggested by the European Commission (EC) in 2020, including “Farm-to-Fork,”
“Biodiversity Strategies,” and the “European Green Deal.” The aforementioned policies
state that sustainable food production should be based on agricultural practices that can
lower GHG emissions through the reduction of inputs (such as water, fertilizers, and
chemical pesticides) and direct energy use (mainly coming from fossil fuels) [3]. Moreover,
nowadays there is a more holistic concept of sustainability; indeed, it is not restricted
to the protection of the environment. For example, a widely spread accounting frame-
work is the triple bottom line (TBL), which includes in addition to the environmental
aspect also economic and social scopes [4–6]. The greatest energy-consuming agricultural
practice is tillage, which is used in primary production. According to Borin et al. [7],
tillage contributes to around 25% of the overall energy input for crop production, and 92%
of this energy is currently provided by fossil fuels [8]. Several studies have extensively
characterized the energy consumption of the tractor-implemented system under various
operating parameters (i.e., working depth and speed), as well as various soil types and
moisture levels [9–12]. Conventional tillage practices include a sequence of soil tillage
operations before seeding. Firstly, a primary deep tillage operation is performed with
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ploughs or rippers to increase the soil porosity and to carry out the removal of most of the
plant residue from the previous crop. Then, to obtain the desired size of soil aggregates in
the topsoil, secondary tillage operations are conducted, typically with harrows or rotary
tillers [13]. In the last few decades, the adoption of conventional tillage has declined world-
wide due to its high energy demand and soil degradation issues leading to compacted
soil composed of fine particles with low levels of soil organic matter [14]. This increased
environmental consciousness in the agricultural sector pushed the development of inno-
vative eco-friendly machines by researchers and manufacturers [15–19] and the broader
adoption of conservative tillage (CT) techniques by farmers [20]. Conservation tillage (CT)
is a tillage system that creates a suitable soil environment for growing a crop and that
conserves soil, water, and energy resources mainly through a reduction in the intensity of
tillage and the retention of plant residues [13]. There are considerable amounts of evidence
that CT practices require less direct energy and can provide a wide range of benefits to the
environment and wildlife compared with conventional tillage practices [21–23]. Regarding
the economic aspect, the cost shares in a farm are divided according to its typology; for
example, a significant portion of field crop farm costs come from machinery, which includes
assets with depreciation and resource consumption components [24–26]. The less intensive
use of machinery in CT procedures compared with conventional tillage practices leads to
significant tillage cost savings, under the assumption that the tillage methodology is the
sole variable input cost (i.e., absence of yield penalties or differences in other input cost
variables) [27]. However, the efficiency and the sustainability of CT strongly depend on
the considered world region and the type of crop. Indeed, throughout the wetter parts
of northern Europe, conventional tillage with ploughing is still very widely used and is
a particularly effective method of seedbed preparation on poorly drained soils because
it can provide surface drainage and aeration for the topsoil, especially in spring, control
weeds, and remediate surface compaction [28]. In addition, CT tools alter soil porosity only
in the first 15–25 cm of the topsoil, thus hindering the cultivation of crops with deep root
systems [29]. Moreover, most CT implements are passive, so the energy required to till
the soil is granted by the tow force developed by the tractor during the operation. This
implies that to minimize losses due to wheel slip and rolling resistance, the tillage operation
can only be carried out when the trafficability of the soil is acceptable. This is not strictly
necessary in active implements actuated by a tractor PTO such as rotary tillers or power
harrows, the operation of which requires limited towing forces [17,30]. So, theoretically
the adoption of a low-energy-demand active implement that can work deep into the soil
would solve many of the problems listed above. The tillage implement manufacturers
Selvatici Srl (San Lazzaro di Savena, Italy) and Bertoni Srl (Castel Bolognese, Italy) tried to
overcome these issues by jointly developing the Rotoripper, a ripper that has a rod and
crank mechanisms actuated by the tractor PTO that permit the rotation of its working
elements as on a standard rotary tiller. One can note that the main differences between the
two implements are the shape of the working elements and especially the feasible working
depth. Indeed, typically on a standard rotary tiller the working depth never exceeds 25 cm,
while the Rotoripper could work at up to 40 cm working depth [31]. Theoretically, the
Rotoripper would be able to alter the in-depth soil porosity to reduce the drainage issues in
CT and simultaneously ensure a much smaller soil aggregate dimension than a traditional
ripper operation. To the authors’ knowledge, currently there are no tillage implements with
these specifications on the market, and no performance evaluations were conducted on it.
This paper aims to evaluate the performance in terms of energy requirements, tilled soil
quality, and economic aspects of a tillage operation conducted with a Rotoripper compared
with the combined operation of a conventional ripper and a conventional rotary tiller.

2. Materials and Methods
2.1. Tractor and Implements

The tests were performed by directly comparing tillage operations employing a conven-
tional tillage methodology using a ripper and a rotary tiller available at the experimental farm
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of the University of Bologna and a tillage operation adopting solely the Rotoripper (Selvatici
Srl, San Lazzaro di Savena, Italy; Bertoni Srl, Castel Bolognese, Italy). The latter had a working
width of 1.8 m, while the ripper and the rotary tiller had widths of 2.1 m and 1.8 m, respectively.
The width of the conventional tillage implements was chosen to be similar to that of the Ro-
toripper and to permit their usage with the same model of tractor. The main specifications of
the implements are reported in Table 1, while their photos are reported in Figure 1.

Table 1. Implement specifications claimed by the manufacturers. The purchase cost was obtained from the
purchase bill for the ripper and the rotary tiller, and from the manufacturer quotation for the Rotoripper.

Specification Conventional Tillage RotoripperRipper Rotary Tiller

Mass (kg) 450 600 950
Width (bim) (m) 2.1 1.8 1.8

Nominal working depth (mm) Up to 400 Up to 200 From 200 up to 400
Linkage category Cat. 2 Cat. 2 Cat. 2

Nominal PTO speed (rpm) 540 + 540E 540 + 540E 540 + 540E
Purchase cost (Vi) (euros) 2600 7000 12,000
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Figure 1. Pictures of the conventional tillage implements ripper (a) and rotary tiller (b) used for the
tests. Pictures highlighting the main components of the Rotoripper (c), a ripper with a crankshaft
actuated by the tractor PTO that permits the rotation of its working elements as on a standard rotary
tiller (Selvatici Srl, San Lazzaro di Savena, Italy; Bertoni Srl, Castel Bolognese, Italy).
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All the implements were pulled by a four-wheel-drive row crop tractor; Table 2
presents the tractor specifications, while Figure 2 shows the tractor during the tests with
the Rotoripper.

Table 2. Main specifications of the tractor used for the tests claimed by the manufacturer.

Specification Value/Description

Manufacturer CNH Industrial N.V. (Amsterdam, Netherlands)
Model New Holland T5.140

Nominal engine power (kW) 96 @ 2200 rpm
Max torque (Nm) 630 @1300 rpm

Unballasted mass (kg) 5500
Rear PTO transmission ratio in 540E mode (τPTO) 2.86
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2.2. Sensors and Acquisition System

The tractor parameters were acquired through the tractor’s controller area network
(CAN) SAE J1939 diagnostic port and recorded with a Kvaser Memorator 2 datalogger
(Kvaser Inc., Mission Viejo, CA, USA) using the following suspect parameter numbers
(SPNs) and parameter group numbers (PGNs):

• SPN 544 and PGN 65251: ‘Engine Reference Torque’ reports the maximum engine
torque available (Mr) at a sampling rate of 0.2 Hz.

• SPN 513 and PGN 61444: ‘Actual Engine—Percent Torque’ reports the torque (Me) as
a percentage of Mr at a sampling rate of 50 Hz.

• SPN 513 and PGN 5398: ‘Nominal Friction—Per cent Torque’, denoted as Mf, reports
the sum of the engine frictional and thermodynamic loss, pumping torque loss, and
losses of fuel, oil, and cooling pumps as a percentage of Mr at a sampling rate of 20 Hz.
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• SPN 190 and PGN 61444: ‘Engine Speed’ reports the revolution speed of the engine
crankshaft (ne) at a sampling rate of 10 Hz.

• SPN 1883 and PGN 65090: ‘Rear PTO Output Shaft Speed’ reports the speed of the
rear PTO (npto) at a sampling rate of 10 Hz.

• SPN 183 and PGN 65266: ‘Engine Fuel Rate’ reports the fuel consumed by the engine
per unit of time (f ) at a sampling rate of 10 Hz.

• SPN 1873 and PGN 65093: ‘Rear Hitch Position’ reports the position of the rear
three-point hitch at a sampling rate of 10 Hz.

• SPN 8768 and PGN 8960, ‘Hitch Information—Rear in Work’ reports the status of the
rear three-point linkage (TPH), which is equivalent to 1 when the TPH is in working
position and 0 when the TPH is lifted. It is denoted as Htph and measured at a sampling
rate of 10 Hz.

The ground speed of the tractor (Vt) and its geolocation were measured using a
global navigation satellite system (GNSS) receiver (IPEspeed, Ipetronik GmbH & Co. KG,
Baden-Baden, Germany) with a 10 Hz sampling rate and a circular error probable (CEP)
of 2.5 m. The output signal of the GNSS receiver was in the CAN bus protocol, so it was
directly connected to the datalogger to record Vt during the tests.

2.3. Experimental Sites and Soil Characteristics

Tests were conducted in the summer of 2020 at the experimental farm of the University
of Bologna located in Cadriano (latitude 44◦33′27.6624′′ and longitude 11◦24′35.3844′′,
Emilia Romagna Region, north-central Italy). The climate is classified as humid subtropical
(Cfa) according to the Köppen-Geiger climate classification [32], and is characterised by
hot summers and two main rainy periods in spring and autumn. Before tillage operations,
we performed an in-depth analysis of the available fields at the University of Bologna
experimental farm to find the most homogeneous one in terms of moisture content and
penetration resistance. Firstly we chose an untilled field with no crop residues. Then, to
verify its homogeneity, the 150 m long and 100 m wide chosen field was divided into four
parcels. For each parcel, three samples of soil were taken for moisture measurement, and
three cone penetration tests [33] were performed. The obtained data were processed with
one-way analysis of variance (ANOVA), and the results showed that no parcels have means
significantly different from each other, both for moisture and penetration resistance. This
led to the conclusion that the field was sufficiently homogeneous and that the two parcels
described in Section 2.4 did not have significantly different untilled conditions. The field
used was classified as loam soil according to the USDA textural soil classification [34]. The
liquid limit (LL) and the plastic limit (PL) of the soil were 18% and 29%, respectively [35].
On the day of the tests, the mean value and the standard deviation of the soil moisture
content (based on the dry mass) over the field were 14.4% and 2.7%, respectively.

2.4. Test Conditions and Experimental Design

Field tests were conducted to perform a performance comparison between the Rotorip-
per and the same field operation performed by the combined operation of the traditional
ripper and the rotary tiller. Half of the field (first parcel) described in Section 2.3 was tilled
firstly with the ripper and secondarily with the rotary tiller, while the other half (second
parcel) was tilled only with the Rotoripper (Figure 3). The working depth of the ripper and
the Rotoripper was fixed at 35 cm, while for the rotary tiller it was around 20 cm. The tests
were performed at a target Vt of around 7.3 km h−1, 3.6 km h−1, and 3.4 km h−1 for the
ripper, the rotary tiller and the Rotoripper, respectively. Moreover, both the rotary tiller
and Rotoripper were powered by the tractor PTO shaft in 540E mode. All these settings
were chosen because they reflected a realistic working environment, as they permit a good
compromise between fuel consumption and soil arrangement.
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2.5. Field Operation Data Analysis

The acquired signals were interpolated at 10 Hz with a cubic spline in Matlab®

(Natick, MA, USA) to standardise all of the signals to the same sampling rate. The tractor’s
actual engine power (Pe) was calculated by:

Pe = Mr [(Me −Mf)/100] ne (2π/60) (1)

The passes were separated from the headland turns for each implement observing
the rate of change of Pe calculated with signal differentiation. Moreover, to exclude the
misleading rate of change of Pe obtained during the headland turns, the value of the signal
Htph was also considered, as shown in Figure 4.

 

 
 

 

 
Agronomy 2023, 13, 365. https://doi.org/10.3390/agronomy13020365 www.mdpi.com/journal/agronomy 

Article 

Rotary Ripper: A Possible Solution to Increase the Efficiency of 

Tillage Operations 

Massimiliano Varani * and Michele Mattetti 

 

Figure 4. Separation of the passes from the headland turns observing the rate of change of Pe, 

calculated with signal differentiation, and the value of the signal Htph that is equal to 1 when the 

TPH is in working position and 0 when it is lifted from the ground. 

 

  
(a) (b) 

Figure 5. Mean values of operational and environmental indexes Fc (a) and fha (b). 

Figure 4. Separation of the passes from the headland turns observing the rate of change of Pe,
calculated with signal differentiation, and the value of the signal Htph that is equal to 1 when the TPH
is in working position and 0 when it is lifted from the ground.
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The mean values and the standard deviations of Vt, ne, npto, Pe, and f acquired during the
passes were calculated. Then, to obtain a global overview of the results, the mean values and
standard deviations of the mean values along passes were calculated for each configuration.
These means were denoted with an overbar; to clarify, for example, Vt represents the raw
signal, and Vt represents the mean value of the mean values along passes.

The field capacity (Fc) and the fuel consumption per hectare (fha) were also calculated by:

Fc = bim Vt (2)

fha = f /Fc (3)

where bim is the width of the considered implements. Using the oxidation reaction and
assuming complete combustion, which is a good approximation for this type of calculation
in diesel engines where the amount of air is considerably higher than the stoichiometric
value, it can be found that for each litre of fuel burned, approximately 2.624 kg of CO2 is
produced [36,37]. Thus, the mass of CO2 emissions per hectare (Cmha) was calculated by:

Cmha = fha 2.624 (4)

In order to have an estimation of the real usage of the implements, in the estimation of
the mean values of the operational and environmental indexes Fc, fha, and Cmha all the data
acquired in a parcel were registered, so even the headland turns were considered.

After the tillage operations, following ASTM D2488 [38] procedure, about 60 kg of
dry-tilled soil was collected at a depth range of 0–250 mm from 6 different points of each
of the two parcels to determine the aggregate size distribution. Soil samples were sieved
following the ASTM D6913/D6913M-17 [39] procedures, using seven BS ISO 3310-2 [40]
sieves with nominal hole sizes (di) of 2, 4, 8, 16, 31.5, 63, and 75 mm. The percentage of soil
mass retained (Wr%

i,j ) in the ith sieve collected in the jth parcel was calculated by:

Wr%
i,j = (Wr

i,j/ ∑ns
i=1 Wr

i,j) 100 (5)

where Wr
i,j is the mass of soil collected in the jth parcel retained by the ith sieve and ns is

the number of sieves (7). Moreover, the percentage of soil mass passed (Wp%
i,j ) in each sieve

was calculated by subtracting from 100% the Wr%
i,j retained by the sieves positioned over

the ith sieve, as shown in Equation (6).

Wp%
i,j = 100−∑ith

i=1 Wr%
i−1,j (6)

The MWD and the GMD [41] of the aggregates were calculated for each parcel as follows:

MWD = ∑ns
i=1 di Wr%

i,j (7)

GMD = exp
[
∑ns

i=1 ln(di) Wr%
i,j

]
(8)

Then, the obtained Wp%
i,j results were plotted in the form of granulometric curves to

enable a more direct comparison between the tested configurations. Moreover, to evaluate
the grade of soil compaction, cone penetration tests using a FieldScout SC 900 (Spectrum
Technologies, Aurora, IL, USA) were performed before and after tillage operations in
six different points homogeneously spread over each parcel following the methodology
described in the ASTM D 3441 [33] standard.

To highlight any significant difference between the data obtained with the convention
tillage and the ones obtained with the Rotoripper, the results were processed with one-way
ANOVA using the Matlab software function anova1 (Natick, MA, USA)
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2.6. Economic Evaluation

From the obtained operational indexes, a yearly economic estimation for each imple-
ment was performed by adapting the equations presented by Bodria et al. [42]. In particular,
the fixed costs (Qfix) are composed of the sum of the depreciation cost (Qd), the passive
interest cost (Qi), and the miscellaneous cost (Qm) (such as shelter and insurance costs),
calculated by:

Qd = (Vi − Vf)/n (9)

Qi = [(Vi + Vf)/2] r (10)

Qm = 0.01 Vi (11)

Qfix = Qd + Qi + Qm (12)

where Vi is the initial equipment investment in euros obtained from the purchase bill for
the ripper and the rotary tiller, and from the manufacturer quotation for the Rotoripper,
and Vf is the salvage value after n years in euros, equal to 20% of the initial investment. n is
the economic life in years; its value is fixed by:

If (LS/h) > nlim ≥ n = nlim (13)

If (LS/h) < dnlim ≥ n = LS/h (14)

where LS is the estimated lifespan of the implements in hours, obtained from ASAE
D497.7 [43] and fixed at 2000 h for the ripper and 1400 h for the rotary tiller and the
Rotoripper. One can note that the Rotoripper is not present in the current literature, so the
parameters and coefficients used in this analysis were considered equal to the ones listed
for the rotary tiller, as the two implements are similar in terms of their kinematics. h is the
annual working hours; this measure was estimated by considering for each implement the
tillage of a field with a certain extension (E).

h = E/Fc (15)

nlim has been fixed at 12 years for the ripper and 8 years for the rotary tiller and
the Rotoripper, in line with the available literature [44,45], according to which active
implements have generally shorter lifespans. Moreover, r is the annual interest rate,
assumed to be equal to 3%, in line with Kay et al. [46]. One can note from Equation (10)
that because Qm highly depends on the characteristics of the farm, a good approximation
of this quota for tillage implements could be 1% of Vi [42].

Regarding the operational costs (Qop), these are composed of the restoration and
maintenance cost (Qrm), labour cost (Ql), and fuel consumption cost (Qf), calculated by:

Qrm = RF1 Vi (h/1000)RF2 (16)

Ql = s h (17)

Q =
(

f ha E
)

/ p (18)

Qop = Qrm + Ql + Qf (19)

Equation (14) was obtained from ASAE 496.3 [47], and the coefficients RF1 and RF2
were derived from ASAE 497.7 [43]. In particular, for the ripper RF1 and RF2 are equal to
0.28 and 1.4, respectively; for the other two implements, RF1 and RF2 are equal to 0.36 and
2.0, respectively. An hourly salary (s) of 19.60 EUR h−1 was considered for labour costs, in
line with projects funded by the EU Rural Development Programme in the Emilia-Romagna
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region (Italy). The cost of diesel fuel per litre (p) was fixed at 0.89 EUR L−1, the Italian
market price on the day of the tests.

Then, the total cost per year (Cy), the total cost per hour (Ch), and the total cost per
hectare (Cha) were calculated by:

Cy = Qfix + Qop (20)

Ch = Cy/h (21)

Cha = Cy/E (22)

To highlight the impact of Qop on global ownership costs, the coefficient α was
calculated by:

α = Qop/Cy (23)

3. Results
3.1. Field Tests Results

The mean values of the performance parameters obtained during the passes are
reported in Table 3.

Table 3. Mean values of the performance parameters obtained during the passes, standard deviations
in brackets. Means with the same apex letter (a, b or c) on the same row do not differ statistically
(p > 0.05) by the ANOVA test.

Parameter Conventional Tillage RotoripperRipper Rotary Tiller

Engine Speed (ne) (rpm)’ 1805 (24) a 1554 (6) b 1574 (24) b

PTO speed (npto) (rpm) - 543 (2) a 550 (8) a

Tractor speed (Vt) (km/h)’ 7.3 (0.03) a 3.6 (0.13) b 3.4 (0.06) c

Engine Power (Pe) (kW)’ 66.1 (6.0) a 29.1 (1.3) b 69.0 (2.4) a

Hourly Fuel Consumption f ) (L h−1) 16.6 (1.4) a 7.8 (0.3) b
16.6 (0.6) a

Combined 24.4

One can note that the values of ne, npto, and Vt are compliant with those designed
for the tests. Moreover, their low standard deviation values show that the test conditions
were maintained almost constantly all over the parcels. The Rotoripper showed the highest
Pe of 69.0 kW, which is not significantly different from the value registered by the ripper
but around 2.4 times higher than the value obtained with the rotary tiller. The f followed
the trend shown by Pe, and indeed both the Ripper and Rotoripper showed a value of
16.6 L h−1, while the rotary tiller had a value 53% lower. As a consequence, the combined
f to perform conventional tillage resulted in 24.4 L h−1, which is 52% higher than the value
registered with the usage of solely the Rotoripper.

The estimation of the mean values of the operational and environmental indexes Fc
and fha are reported in Figure 5.

The Rotoripper and the rotary tiller registered very similar values of Fc, 0.56 and
0.57 ha h−1, respectively. On the other hand, the ripper showed a much higher value of
1.08 ha h−1 due to higher values of Vt and bim. However, the global value of Fc for the
conventional tillage operation was found to be 0.37 ha h−1, which is 33% lower than the one
registered by the Rotoripper. This is because the same extension must be tilled with two
implements rather than only one, thus lengthening the working time. Regarding fha, the
Rotoripper showed the highest value of 25.4 L ha−1, which is more than double the values
measured by the ripper and the rotary tiller. So, even the global fha for the conventional
tillage was shown to be 2.6 L ha−1 lower than that for the tillage operation performed
only with the Rotoripper. This is also reflected in the Cmha, where the Rotoripper emits
66.8 kg ha−1 of CO2, which is 6.9 kg ha−1 more than the conventional tillage emission.
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Figure 6 shows the granulometric curves obtained in the parcels after the tillage.
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Figure 6. Granulometric curves obtained with conventional tillage and the Rotoripper.

One can note that the parcel tilled with conventional tillage showed finer soil ag-
gregates, mainly because only 63.6% of the soil tilled by the Rotoripper passed the first
75 mm sieve. This is further evidenced by the obtained values of MWD and GMD, which
are 16.7 mm and 6.2 mm for the conventional tillage and 43.7 mm and 22.0 mm for the
Rotoripper, respectively.

Cone penetration test results presented in Figure 7 show that before tillage there was
the presence of a soil hardpan layer between 7.5 cm and 17.5 cm of depth, with values of
penetration resistance over 4000 kPa. One can note that after tillage this hard layer was no
longer present in both tillage configurations; however, the parcel tilled with the Rotoripper
had lower penetration resistance values than the other one. Indeed, the combination of
the ripper and rotary tiller produced big spikes in the soil penetration resistance around
15–22.5 cm of depth due to the distinctive movement of the hoes that created a harder
layer at its nominal working depth. In fact, the Rotoripper does not present any big
spikes in terms of penetration resistance in that depth range. Moreover, in the range of
20–32.5 cm, the values registered by the Rotoripper were always significantly lower than
the ones obtained with the conventional tillage implements. One can note that both tillage
methodologies have similar values past 35 cm of depth because neither of them can till at
that depth.
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Figure 7. Cone penetration test results before the tillage (a), after the tillage in the parcel worked
with conventional tillage (b), and after the tillage in the parcel worked with the Rotoripper (c). Each
boxplot shows the median values of the repetitions with a red line, the 25th–75th percentile with a
blue box, the maximum/minimum with whiskers, and the outliers with red crosses. Values with the
same letter on the same depth do not differ statistically (p > 0.05) by the ANOVA test.

3.2. Economic Evaluation

The behaviours of Cy, Ch, Cha, and α in function of E are reported in Figure 8.
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Figure 8. The total cost per year (Cy) (a), the total cost per hour (Ch) (b), the total cost per hectare
(Cha) (c), and the impact of the operational costs on the global ownership costs (α) (d).
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The initial value of Cy for the Rotoripper at E = 0 ha, that is, Qfix, is EUR 1536, which
is 34% higher than the value obtained with conventional tillage. Then, Cy increases with
the increase of E for both conventional tillage and the Rotoripper; however, in the latter
case, the rate is lower. So, with extensions over E = 27 ha, the Rotoripper becomes more
economically convenient. Ch showed a hyperbolic behaviour with horizontal asymptotes
fixed around 44.48 EUR h−1 and 66.84 EUR h−1 for the Rotoripper and the conventional
tillage, respectively. One can note that from an hourly cost point of view, the Rotoripper
became more convenient than the conventional tillage after just 3 ha of tilled field. Even Cha
showed hyperbolic behaviour, with the horizontal asymptotes fixed around 79.46 EUR ha−1

and 88.64 EUR ha−1 for the Rotoripper and the conventional tillage, respectively. As already
observed for Cy, the use of the Rotoripper become more convenient than the conventional
tillage from a cost-per-hectare point of view after E = 27 ha. Regarding α, one can note
that in both tillage methodologies, it increases with the increase of E. In particular, the
conventional tillage always has higher values of α than the Rotoripper due to higher values
of Ql, as longer tillage times are required for a given extension.

4. Discussion and Conclusions

The necessity to decrease the impact of agricultural practices is pushing manufac-
turers in their search for novel solutions to increase the sustainability of their products
in environmental, economic, and social terms. There is considerable evidence that con-
servative tillage practices can provide environmental and economic benefits compared to
conventional tillage practices. However, the usage of conservative tillage implements has
some drawbacks, such as difficult weed management and stagnation problems in humid
climates due to low soil porosity at depth. In this study, a field and economic performance
analysis was conducted on an innovative rotational ripper (Rotoripper; Selvatici Srl, San
Lazzaro di Savena; Bertoni Srl, Castel Bolognese, Italy) that could solve these issues. In
particular, field tests were conducted directly comparing the performances in terms of
energy requirements, tilled soil quality, and ownership costs of a conventional tillage
technique, using a ripper and a rotary tiller, and the usage of solely the Rotoripper. The
results show that the power requirements of the conventional implements line up with the
data available in the current literature if differences due to soil type and working widths
are considered [48–50]. Moreover, the Rotoripper required 69.0 kW of engine power to be
used, which is similar to the value registered by the ripper but around 2.4 times higher
than the value obtained with the rotary tiller. This significant difference from the rotary
tiller is mainly due to the two different working depths [51], which are 20 cm and 35 cm
for the rotary tiller and the Rotoripper, respectively. Moreover, even though the ripper
works at the same depth and is a passive implement—a type of machine which usually
requires less energy to run [22,48]—it required almost the same amount of power because
the operation was performed at more than double the tillage speed of the Rotoripper [51].
As expected, the hourly fuel consumption followed the trend shown by the power required
by each implement, so the combined consumption to perform conventional tillage was
52% higher than the value registered with the usage of solely the Rotoripper. However,
the fuel consumption per hectare for the conventional tillage was shown to be 2.6 L ha−1

lower than for the tillage operation performed only with the Rotoripper, despite the field
capacity of the latter being 0.18 ha h−1 higher. This is also reflected in the CO2 emissions,
where the Rotoripper emits 6.9 kg ha−1 more than the conventional tillage implements.
However, an important factor that is not considered in these results is the fuel used (and
consequently the CO2 emitted) during the transport of the implements from the depot
to the field. In fact, the adoption of the Rotoripper does not require an implement swap
to fulfil the field operation. This aspect increases its importance with the increase of the
distance between the field and the depot [52]. Both the granulometric curves and the
MWD and GMD indexes show that the field parcel worked with the conventional tillage
has sufficient characteristics for a subsequent seeding operation, agreeing with the results
obtained by Adam et al. [53] and Braunack et al. [54]. On the other hand, in the parcel tilled



Agronomy 2023, 13, 365 13 of 15

with only the Rotoripper, sowing is not possible without further tillage operations. This is
mainly due to the high percentage (63.6%) of soil aggregates with diameters over 75 mm
that resulted in the latter parcel. Cone penetration test results show that the usage of the
Rotoripper induced greater soil porosity than the conventional tillage in the depth range of
20–35 cm, reducing the possibility of water stagnation issues [55]. Indeed, ripping the soil is
one of the most common methods presented in the literature to remove soil compaction by
physical means [56]. Regarding the economic evaluation, the use of the Rotoripper becomes
more convenient than conventional tillage from both yearly cost and cost-per-hectare points
of view after only 27 ha of tilled field. In particular, the Rotoripper is more convenient
beyond that field area mainly because longer tillage times are required for conventional
tillage, so the labour costs become increasingly onerous. This agrees with current literature,
where it is remarked that the impact of labour costs on conventional tillage is one of the
causes of its lower use in recent years [57–59]. It is important to remark that even these
results do not include time and fuel used during the transport of the implements from the
depot to the field. Moreover, to produce a more detailed cost analysis, a wide-time-frame
data acquisition activity should be performed to monitor even accessories’ operational
activities such as idling times due to attachment and adjustment of implements [60]. In
conclusion, the major benefits obtainable with the adoption of the Rotoripper instead of
conventional tillage implements are the increased porosity of the soil in the deepest layer
and the increased cost-effectiveness. However, the latter may be affected by the low soil
segregation level obtained with the Rotoripper, which means further tillage operations are
necessary before planting. A possible solution to this issue could be the usage of a planter
with integrated tillage tools, such as disk harrows, that would allow seeding without
additional steps. Moreover, the adoption of the methodology proposed by Varani et al. [61]
when using the Rotoripper might yield optimal combinations of forward tractor speed and
rotational speed of the working elements that allow good soil refinement with reasonable
energy expenditure.
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