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Abstract: This study firstly examined certain methods of vineyard management typically adopted
in Apulia for both table grapes and wine grapes. In the later phenological stages, guyot or spurred
cordon vineyards have extremely abundant vegetation, which drastically limits the space available
between the rows for the passage of a tractor, even for a narrow-track vehicle. On the other hand,
vegetation in tendone vineyards is situated at approximately 1.90 m above the soil surface, so that
total tractor height must be compatible with this cultivation method. Foliage canopies in these types
of vineyard cultivation system were evaluated at the times of their maximum growth in order to
identify the maximum possible size of a prototype tractor that would be able to pass between
vineyard rows without interfering in any way with the vegetation and fruits. Using the results of
field measurements, it was established that the prototype tractor must have a maximum height of
1600 mm, with a minimum front axle track of less than 1100 mm and a back axle track of less than
1000 mm. A tractor built to these specifications is now being tested in order to compare its
performance with that of other tractors commonly used in Apulia in various agricultural contexts.
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1. Introduction

In agriculture, the commonest type of fatal accident is due to tractor rollover [1-3]. The most
common causes of this are as follows: i) rough and unstable terrain; ii) the high torque on the drive
wheels; iii) towing heavy or unbalanced loads; iv) steep gradients [4-6]. In recent decades, different
technical solutions have been adopted in order to reduce the impacts on the tractor driver of this kind
of event [7-9]. These include the passive solution of fitting the tractor with an ROPS (roll over
protective structure) and a seatbelt fixed to the driving seat that will anchor and protect the driver
from being crushed by the tractor if it rolls over [10-12]. There are different kinds of ROPS, ranging
from a tiltable 2-pillar front roll-bar, to a ROPS that encloses a soundproofed cabin with air-
conditioning [13,14]. In particular, 2-pillar front roll-bars were introduced around the mid-1980s on
narrow axle track tractors (used especially with specialised crops, for the maintenance of green areas
and for greenhouses) to enable tractors to pass under vegetation canopies without damaging lower
branches and shoots [13-15].

A roll-bar is designed to stay in the vertical upright position (protection) during all stages of
tractor use, but must be lowered during passage under canopy between crop rows in order to avoid
interfering with foliage and fruits [16-19]. In addition, many specialised tractors have a relatively
high centre of gravity and a reduced ground clearance that often makes it impossible to perform
normal cultivation tasks in particular specialised crops [20-23]. In this respect, it needs to be said that
the specialized tractor sector has a plenty of different solutions and many manufacturers (Landini,
Fendt, Massey Ferguson, and so on) offer a range of highly innovative models, which are
characterized by compactness, ergonomics, comfort, and design. They have an average power
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ranging from 50 to 80 kW and are designed to respond in the most effective way to the specific needs
of farms. All these models are fitted with either simple front and rear roll-bars on the driver's seat or
a closed suspended soundproof and air-conditioning cab. The tiltable 2-pillar front roll-bar arranged
in a horizontal position is not effective for the driver's safety, but significantly reduces the overall
height of the tractor (also less than 1400 mm), making transits possible under orchard vegetation
canopies without difficulties. Conversely, the tiltable 2-pillar front roll-bar arranged in a vertical
position, is surely effective for the operator's safety but the overall height of the tractor exceeds 2000
mm and in these conditions, transit under canopy is very difficult if not impossible. To carry out
operations under crop canopies, which require the use of the tractor, usually the workers lower the
roll-bar, negating the effectiveness of the safety device. Taking this in mind, INAIL (the Italian
National Insurance Institute for Occupational Labour) has funded a project, named TRACLAS,
involving several Operational Units of Italian universities, with the aim of developing a compact
tractor suitable for use on specialised tree crops, equipped with a fixed ROPS that always works
regardless of what agricultural operation is carried out. The initial stage of this project consisted of
an in-depth study of the principal specialised crops grown in Italy: grapevines, olives, apples,
hazelnuts, etc. This included analysis of the relative cultivation systems, the salient features of the
tractors and implements currently used (theoretical and real working capacity, required capacity,
operating speed, etc.) and of the tractors that tow these implements (power; measurements, etc.) [24—
26]. Therefore, each operational unit analysed the crops grown in its own reference area. The
Department of Agricultural and Environmental Science of the Aldo Moro University of Bari (Bari,
Italy), a partner in this project, examined different types of cultivation used in Apulian vineyards for
wine grapes and for table grapes. The particular climatic conditions of Apulia mean that the
vegetation of guyot or spurred cordon vines is especially abundant in the later phenological stages.
This drastically reduces the space available for tractors to drive between the rows, even when a
narrow-track vehicle is used [27,28].

On the other hand, the vegetation in a tendone vineyard, whether it produces wine grapes or
table grapes, grows on a horizontal plane at approximately 1.90 m above the soil surface, which
means that total tractor height is a significant parameter in relation to the cultivation tasks performed
in this type of vineyard, in terms of effectiveness and of driver safety [29,30]. For these types of
vineyard, canopy volumes were analysed during their period of greatest expansion to ascertain the
maximum possible size of a tractor able to drive between the rows of the vineyard without interfering
in any way with the vegetation and fruiting areas [31,32]. The results of this study concerning the
Apulian vineyards, which are reported in this paper, were then merged with those concerning the
surveyed specialized crops by the other operating units participating in the TRACLAS project. The
elaboration of all the data allowed us to define the overall size and performance characteristics of the
compact agricultural tractor as required by the aim of the funded project.

2. Materials and Methods

Experimental evaluation of the total extent occupied by the vine canopies was carried out in
order to ascertain the space available for agricultural vehicles to pass between rows when canopies
are at their maximum expansion [33-35]. The two vineyards selected have locations and cultivation
methods that represent most production of wine grapes and table grapes, respectively, in Apulia.
Vegetation canopies were measured in July 2018, i.e. at the time of their greatest expansion, which is
thus the most critical time of the year for the passage of agricultural vehicles between the rows of
vines.

2.1. The Vineyards Examined

The selected vineyards were: i) Cantine Due Palme near Cellino San Marco (Apulia, Brindisi
Province, Italy), which produces wine grapes using the guyot system; ii) Porrelli near Rutigliano (Bari
Province), which produces table grapes using the tendone system. The salient characteristics of the
Cantine Due Palme vineyard were as follows: area under cultivation, 57.0 ha; vine spacing (guyot),
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2.2 x 1.0 m; inter-row width, 2.2 m. Observations involved the following cultivars: Negroamaro,
Aglianico (yellow leaf), Malvasia nera, Lambrusco, Primitivo and Falanghina.

The salient characteristics of the Porrelli vineyard were as follows: tendone vineyard area, 2.7
ha; vine spacing (pergola), 2.2 x 2.2 m; inter-row width, 2.20 m. Observations involved the cultivar
Timpson (white grapes).

2.2. Evaluation of the Overall Dimension of the Canopy

For each cultivar examined, representative statistical sampling of the average canopy
dimensions was performed according to the following protocol [7]. For each vineyard, we randomly
chose 10 pairs of plants located alternatively on two adjacent rows that were in a central position in
the vineyard itself, in such a way as to be representative of a wide area of the entire plot (Figure 1).
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Figure 1. Position of the pairs of plants inside the examined vineyards.

Each pair of plants was photographed using a Nikon D3100 digital camera, set on a tripod at an
equal distance from the two adjacent rows, and with the centre of the objective at a height of 1.30 m
above the ground surface (Figure 2a, 2b). Considering that, as an average, the height above the
ground level of the top of the canopy of both guyot and tendone systems was 1.90 m and that the
canopy itself started at 0.70 m above the ground level, the centre of the objective was placed at the
mean value between the aforesaid elevations. The different pictures in the vineyard were taken at
around noon in order to avoid the possible disturbing effects of the shadows and, in order to avoid
possible canopy contour overlay due to plants other than the targeted couple, a white sheet was
positioned behind the target plant couple itself (Figure 3).

camera

. . 1.30 m

camera

a b

Figure 2. a) Camera position in relation to the considered pair of plants. b) Camera position in relation

to the ground.
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To obtain pictures that could be corrected for possible geometrical aberration, a square angle
ruler was used, consisting of two 2-metre wooden bars, joined at their ends to form a right angle
disposed with the horizontal axis overlapped to the axis that joined each of the plants of the couple
that was photographed. A spirit level was used in order to guarantee the exact horizontality of the
ruler’s horizontal axis and of the verticality of the vertical axis with reference to the ground plane.
Each picture was georeferenced (Figure 3).

St

Figure 3. The wooden square angle ruler and sheet arranged on a pair of plants.

Each of the ten different pictures obtained for each different vineyard cultivar was in-office
elaborated using Autodesk Autocad 3D 2018 software by means of the following procedure:

a) a 2.00 meter sided square was drawn on a specific Autocad layer with the lower-left corner
located in the origin of Autocad’s xOy Cartesian reference system;

b) the raster image was imported in Autocad, taking care that the crossing point of the
photographed wood axis matched with one of the previously designed square’s corner;

c) the raster image was stretched in order to ensure that the 2-metre distant reference points on
the photographed wooden axis matched with two pertinent corners of the previously
designed square. The reason for this procedure was to both resize the picture in the right way
and to correct possible geometrical aberration;

d) using the polyline Autocad command, a specific polyline was drawn on an Autocad specific
layer in order to contour the vineyard canopy;

e) using the list Autocad command, the polyline vertex coordinates were exported for further
use.

All of the Autocad-acquired vertex coordinates were used to obtain, by means of Microsoft Excel
365 software, a 5th grade tendency curve that was used to represent (corrected and smoothed through
“spline” command) in Autocad the “characteristic contour” of the vineyard canopy. The described
process was carried out for each considered cultivar in both Cantine Due Palme and Porrelli
vineyards.

3. Results and Discussion

3.1. The TRACLAS Project

The TRACLAS project, which involved five Italian Universities Operational Units, started with
detailed investigations on plant layout and cultivation methods of the main open field specialized
crops carried out in Italy. Twenty farms situated in Lombardy, Emilia Romagna, Latium, Sicily and
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Apulia were then considered according to the greater extents of cultivation compared to the reference
areas. The analyzed specialized crops were: vineyards for wine and table grapes, kiwi, hazelnuts,
almonds, pistachio, olive oil and vegetables in open field and in tunnels, such as baby leaf salads,
potatoes, cucumbers, ginger, etc. These crops were chosen on the basis of their problems connected
to the operations carried out with tractors under the canopy; furthermore, the farms that were picked
out were located in the areas with the highest impact production at a regional level for the aforesaid
crops. At the beginning, the research evaluated the mechanization by the examined farms and then
in each of them the main characteristics of the tractors and implements used for the agricultural
operations carried out during the entire production cycle were detected. A total of 34 tractors and 46
implements were studied with reference to the sizes and construction characteristics, power and
features of the coupled tractors, the operating speeds, and the theoretical and effective working
capacity. Furthermore, in each sample farm, the operators were interviewed on the critical issues of
their activities, with reference to the stability of the used tractors and their sizes compared to those
of the vegetation. The operators were also consulted for their suggestions on technical characteristics
and performance of a new compact tractor for specialized crops in order to obtain an optimal
employment. In the subsequent phase of the research the transit areas under the canopy in the
orchards of the examined farms were examined.

3.2. Evaluation of the Overall Dimension of the Canopy of the Apulian Vineyards

Processing of the splines representing the canopy contours observed in the various photographs
made it possible to evaluate the maximum dimensions (overall width) of the best tractor to perform
the tillage and treatments required during crop development. For example, Figure 4 shows the results
obtained from the Cantine Due Palme guyot vineyard (cv. Negroamaro), and Figure 5 shows those
from the Porrelli tendone vineyard. In particular, Figure 4 shows the set of 10 splines (green lines),
respectively for the right-hand and left-hand sides, obtained using the corresponding photographs.
Moreover, the spline shown (blue line) for each side represents the average vegetation contour. This
blue line was the basis for hypothesizing the maximum compatible measurements of a tractor able to
pass between the vine rows without interfering with the vegetation and fruit formation areas. In this
type of vineyard, the width of the inter-row spacing for tractor transit is extremely important.
Obviously, the height of the tractor is unimportant. However, Figure 5, shows the set of 10 splines
(green lines), obtained using the corresponding images of the tendone vineyard. Here again, the blue
line represents the average vegetation contour. In this type of vineyard, the height of the vegetative
mass above the surface of the ground is extremely important, because it determines the total tractor
height, which must allow the vehicle to operate effectively and at the same time ensure the safety of
its driver.
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Figure 4. Guyot vineyard (located in Cellino San Marco, Brindisi Province, Southern Italy). Set of
splines (green lines), characteristic contour of the vineyard canopy (blue line) and hypothetical size
of the compact tractor (sizes in mm).
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Figure 5. Tendone vineyard (located in Rutigliano, Bari Province, Southern Italy). Set of splines (green
lines), characteristic contour (blue line) of the vineyard canopy and hypothetical size of the compact
tractor (sizes in mm).

Given the above considerations, the splines and relative characteristic contours were analysed
for all the vineyards used, and the average height and minimum width of the inter-row spacing was
determined for each one (Figure 6). Therefore, it was established that clearance below the canopy for
the various cultivars grown in the two vineyards ranges in width between 1100 mm and 1400 mm,
and between 1600 and 1700 mm in height (Figure 6).
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Timpson 1600
Falanghina 1700
Primitivo 1700
Lambrusco 1700
Black Malvasia 1700
Aglianico (yellow leaf) 1700
Negroamaro 1700
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Figure 6. Average height and minimum width of the inter-row for each considered cultivar.

3.3. The Evaluation of the Overall Size of the Compact Tractor Prototype

The elaboration of: i) the results obtained by the Operational Units concerning the characteristics
of mechanization inside the examined farms; ii) the considerations of the interviewed tractor drivers
concerning the critical aspects of their activities and their proposals on the basic technical
characteristics of an optimized tractor for their operations; iii) the assessments of the overall
dimension of the canopy inside the analyzed orchards, made it possible to establish the essential
features of the compact tractor required by the TRACLAS project.

Therefore, the tractor prototype should be equipped with a 4-pillar frame ROPS and have the
following main characteristics: i) a max. height of 1600 mm; ii) a minimum front axle track of less
than 1100 mm and a back axle track of less than 1000 mm; iii) a wheelbase of less than 2500 mm. In
addition, the overall length of the prototype should be under 4000 mm, its maximum width less than
1400 mm and ground clearance greater than 200 mm. The approach angle (both front and back, i.e.,
the angle made by the horizontal line of the ground surface and the tangent passing between the
front wheel and the lowest protruding point of the vehicle) should be equal to or greater than 30°.
The tractor prototype should supply a target power of about 74 kW, be able to reach 40 km/h and
include the following main components: i) integral braking on all 4 wheels; ii) agricultural tires with
a size not less than 240/70 R16; iii) mechanical transmission with at least 4 gears and 3 ranges plus the
reverser; iv) 6-groove 35 mm diameter end shank with both 540 rpm and 1000 rpm operating mode;
v) hydraulic system with pump dedicated to distributors and lifter and additional pump dedicated
to power steering; vi) rear lift with a three-points hitch cat. II. Lastly, the prototype must ensure the
tightest possible turning circle, which must not in any case exceed 6.00 m.

Bearing in mind all these data, the Cordini manufacturer of Corato (Bari Province, Italy) built
the compact tractor, starting from the Goldoni E100 commercial tractor (Figure 7).
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Figure 7. The built TRACLAS compact tractor.

4. Conclusions

The canopy size evaluations of the vineyards inside farms representing the most grape growing
in Apulia (Southern Italy), were carried out within a project funded by the Italian National Insurance
Institute for Occupational Labour (INAIL). This project was aimed at the definition and manufacture
of a compact tractor prototype suitable for the use in specialized crops, which had to be equipped
with a fixed ROPS and with limited dimensions (max height 1.60 m), but comparable in terms of
performance to the traditional tractor models of the same power class (about 74 kW). The tractor was
built and, in addition to its compactness, is characterized by a high transverse and longitudinal static
stability, combined with excellent maneuverability and handiness. Further added value comes from
the presence of a fixed 4-pillar ROPS, which is able to give constant and effective safeguard to the
driver in the event of overturning. In agreement with the OECD Code 4 technical standard, the ROPS
was tested successfully: it is able to safeguard the clearance zone, located with reference to the tractor
driving place (operator's seat and steering-wheel). The compact tractor has also successfully
undergone stability tests. Currently the operational units involved in the project are conducting
experimental trials in the selected farms with the aim of comparing the operational effectiveness of
the prototype tractor with that of other narrow- track tractors commonly used in the same farms.
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