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Abstract: In Italy, the production of Origanum vulgare L. is lower than the national market demand,
so there is an increasing interest in this crop, even if the manual harvest and bunch binding represent
ca. 60% of the production cost. The aim of this work is to evaluate the harvest efficiency, as well
as the working capacity, productivity and quality of mechanical harvesting by means of a reaper-
binder designed for cereal and forage crops and assisted harvesting by means of a long-reach edge
trimmer. In fact, the final aim is to suggest a machine and a method for oregano harvesting that could
significantly reduce the time and, therefore, the cost of this crop operation, while achieving a product
quality similar to that obtained by manual harvesting. Tests of mechanical and assisted harvesting
were carried out using a reaper-binder after modifying it (i.e., reducing its forward speed, cutting
height and bunch size to improve its working capacity, productivity and quality) and an edge trimmer,
respectively. The tests of mechanical and assisted harvesting were compared with manual harvesting.
In the testing field, with an irregular shape and an area of one hectare, nine rows were selected and
divided into three replications, each comprising three tests, i.e., mechanical, assisted and manual
harvesting. The modified reaper-binder allowed us to achieve working capacity and productivity
rates much higher than those obtained with manual harvesting. Moreover, its harvest quality, in
terms of bunch weight and binding height, favourably compares with that manually obtained.
Furthermore, the edge trimmer allowed us to achieve working capacity and productivity rates lower
than those obtained by means of the reaper-binder but much higher than in manual harvesting.
Thus, the reaper-binder can minimise the harvest time and, therefore, cost while harvesting bunches
slightly bigger than those manually harvested, even if it requires a high initial investment cost.
Instead, the edge trimmer can be a cheap solution for reducing the harvest time and cost. Therefore,
mechanical and assisted harvesting could spread oregano production in areas of inland Sicily and
other Mediterranean regions that are often cultivated with low-profit herbaceous plant species or
lie fallow. Thus, it would be possible to increase farmers’ incomes and job opportunities, as well as
preventing or minimising the hydrogeological instability in these areas.

Keywords: oregano; reaper-binder; edge trimmer; working capacity; working productivity; working quality

1. Introduction

Aromatic and medicinal plants have become very popular in European and global
markets during the last decade. Among these plants, Origanum species, belonging to the
Lamiaceae family, have been known as culinary and medicinal plants since ancient times.
Some species, including Origanum vulgare L., are rich in essential oils and are commonly
known as oregano [1]. Origanum vulgare L. is an aromatic and perennial sub-shrub that
is widely spread all over Europe, Asia and North Africa [2]. In Italy, the production of
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Origanum vulgare L. is lower than the national market demand, so there is an increasing
interest in this crop.

This species is considered extremely variable, both in its morphological features and
chemical composition. For its specific biological character and significant economic impor-
tance, Origanum vulgare has been placed in the List of Priority Species in Europe [3]. Even if
six subspecies of Origanum vulgare have been recognised [2,4], many varieties, landraces,
forms, ecotypes and cultivars are nowadays available for stakeholders. The interest in
Origanum vulgare L. is increasing because of its antioxidant, antimicrobial, aromatic, aperitif,
digestive, antiseptic and expectorant properties [5]. The economic value of officinal plant
derivates is also increasing because of the demand from the pharmaceutical industry. In
fact, products imported from other countries have the disadvantages of customs delays,
product deterioration and pollution during transportation and storage, as well as missing
information about product origin and health, harvest time and harvest method. The need
for cheap raw materials and high-quality products suggests the development of growing
methods aimed at decreasing production costs without reducing the product quality.

Origanum vulgare can also be cultivated in the “marginal” hilly and mountainous
areas of southern Italy that are not suitable for other crops. The creation of quality marks
(e.g., DOC and DOP) and a closer connection between farmers and processing industries
could build up an “integrated” rural development and contribute to solving one of the main
agricultural problems, i.e., the need for cultivating alternative crops that could increase job
possibilities and profit.

The production of Origanum vulgare L. in Sicily is characterised by high quantity and
quality. It is believed that the cultivation of oregano can provide Sicilian farmers with high
added value also on degraded sloping lands in the semi-arid areas of the island.

In Sicily, oregano can be considered a convenient alternative to traditional crops, as it
allows a diversification of agricultural production, as well as new jobs and profit integration.
Even if this species is mostly used for food seasoning, its major appeal comes from the
possibility of using it as a raw material for producing, inside small and local agro-food
industries, food flavourings or additives with a higher price than fresh herbs [6].

The harvest time is determined based on the yield quality, e.g., the essential oil content
immediately after flowering, which usually happens from mid-June to late August.

The plants are cut 5-8 cm above the ground. If the crop is irrigated immediately after
the first harvest, a second harvest may be possible.

The harvest time of oregano depends on the commercial use of the product:

beginning of flowering, for herb production;

full blooming, when the oil content is at its maximum, for essential oil production;
at maximum blooming (higher than 50%) and plant coverage (leaves and flowers), for
food use [7,8].

The crop yield and the oil content are quite constant during the flowering period,
while the oil content of the leaves is very low during the autumn (October) harvest.

Dry oregano yield may reach 1.5-3.0 t ha—1, whereas the total duration of its cultivation
may exceed 10-11 years. A rough estimate of an average crop yield indicates a value of
20 t ha~! in a 4-year crop. Full crop performance can be achieved after the first year of
transplanting. The harvest index (ratio flowers weight/total weight) is ca. 50-55% in the
first harvest, due to the high incidence of stems, and ca. 60-70% in the second mowing,
which is usually carried out in October [9].

Even if the harvest is generally manual in Italy, it can be mechanically carried out by
means of reaper-binders designed for cereal and forage crops but modified in order to cut
the stems at 5-10 cm above the ground.

In order to manually harvest one hectare, having an average yield of 5-6 t ha~! of
fresh product, 27 working hours are needed, while the same quantity can be harvested in
6-8 h by means of a reaper-binder.

In some foreign countries, the harvest is totally mechanical. For oregano intended
for food use or essential oil extraction, mowing is carried out by leaving the product in
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windrows until the cut plants have lost ca. 60% of their water content. Then, for oregano
intended for food use, threshing is carried out and the obtained product is stored inside
bags. Instead, for oregano intended for essential oil extraction, it is possible to press bales
of 25-35 kg, which are transported to industry. The obtained oregano has a lower quality,
as it becomes dark under the sun and loses many aromatic characteristics. Currently,
mower-loaders that cut, load and immediately transport the product to the farm centre are
mainly used so that the drying follows there [8].

In Italy, until now, there has been low interest in this crop, above all because manual
harvesting and bunch binding represent ca. 60% of the production cost [10].

The first tests carried out using the reaper-binder before modifications [11,12] allowed
us to obtain bunches of a large size and density, as well as a high binding point, located
in their most tender parts. Therefore, it was possible to observe fungi diseases and/or
fermentation, which caused a loss of a part of the product. During the above tests, stems
piled up in the conveyor and binding unit of the machine because of its too high forward
speed, so both time and product losses were recorded.

Thus, the aim of this work is to evaluate the harvest efficiency, as well as the working
capacity, productivity and quality, of mechanical harvesting, by means of a reaper-binder
designed for cereal and forage crops, and assisted harvesting, by means of a long-reach
edge trimmer. In fact, the final aim is to suggest a machine and a method for oregano
harvesting in order to significantly reduce the time and, therefore, the cost of this crop
operation, while achieving a product quality similar to that obtained by manual harvesting.

2. Materials and Methods

Growing tests were carried out in a testing field of the Association of Producers
SiciliaBio, located in the territory of Sant’ Angelo Muxaro (Agrigento, Italy), Lon 13°38'18" E,
Lat 37°27'50” N, in July 2020.

In the testing field, with an irregular shape and an area of 1 ha, nine rows 90 m long
were selected. The above nine rows were divided into three replications, each constituted
by three tests:

(1) mechanical harvesting;
(2) assisted harvesting;
(3) manual harvesting.

In this testing field, oregano was cultivated according to the crop management meth-
ods traditionally applied to this species in Sicily. The rootings used for the propagation
were obtained from a local wild genotype previously classified as Origanum vulgare, subsp.
viridulum (Martrin-Donos Nyman) or O. heracleoticum L. Previously prepared rootings
were transplanted in the field in winter 2010, with plant distances of 1.0 x 0.5 m, thereby
achieving a plant density of 20,000 plants ha~!. The field was managed according to
organic agriculture principles: organic fertilisation was carried out before transplanting
by applying 2 t ha~! of cattle manure, which was buried using a plough at a depth of ca.
40 cm. The field weeds were removed through two shallow soil tillage operations using a
rotary tiller and a tine harrow, respectively, at a depth of ca. 5 cm during the early spring of
each year.

During each replication of each test, the times of the various harvest operations were
measured in order to compute the working capacity and productivity, as well as the harvest
efficiency (ratio between the weight of the harvested crop and that of the total crop, %).

During the mechanical harvesting test, the following times were measured: cutting
and binding; turning on headlands; machine setting up.

During the assisted harvesting test, the following times were measured: cutting;
collection from the ground and binding; machine setting up.

For both the mechanical and assisted harvesting tests, the machine working quality,
i.e., the average weight and binding height of the bunch, was also determined.
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The results of both the mechanical and assisted harvesting tests were compared with
those of the manual harvesting, carried out by an operator using a sickle. During the test of
manual harvesting, the cutting and binding time was measured.

Moreover, for each test, the bunches were collected along three rows, in order to
measure their height and weight.

A one-way ANOVA with a significance level of 0.05 was applied to the collected data
in order to discover if the differences among the three harvesting tests were significant or
not for each considered response (i.e., parameter) [13].

Then, the Tukey method with a 95% confidence level was applied to the collected
data in order to take into account the influence of the three harvesting tests on the nine
considered responses.

2.1. Mechanical Harvesting Test

For the mechanical harvesting test, the crop was harvested by means of a BCS 622
reaper-binder with 10 kW engine power and three forward speeds (Figure 1).

Figure 1. Modified BCS 622 reaper-binder used during the mechanical harvesting test.

The machine has two driving wheels equipped with tyres. It is driven by a walking
operator holding two handlebars, equipped with the main driving controls (i.e., accelerator,
clutch and brakes). In one pass, the machine cuts and collects the stems and binds them in
bunches, leaving them on the ground. The reaper-binder is equipped with a 1.20 m-wide
cutting bar with one blade that reciprocates with respect to a ledger plate with standard
single fingers. The machine is equipped with a conveyor, constituted by two reciprocating
forks, that insert the stems in an accumulation area. Here, the bunch, after reaching the
desired size, is bound. The movement of the forks and the cutting bar is independent
of the machine forward speed. The machine is equipped with a binding unit (Appleby),
constituted by a needle and pliers, which knots the twine around the bunch.

It is possible to adjust the stem cutting height by varying (from 0.15 to 0.25 m) the
height above the ground of a support slide fixed under the cutting bar.

The mechanical harvesting test was carried out using a machine that was further
modified [11,12] to reduce:

e  its maximum forward speed, i.e., with different gears from 1.5 to 1.1 m s~ (I), from
2.1to 1.5m s~ ! (II), from 2.8 to 2.0 m s~! (1), from 3.9 to 2.8 m s~ ! (IV), from 1.7
to 1.2ms ! (R), by replacing its wheels (4.50-19) with a rolling circumference of
2234 mm with two others (5.00-15) with a lower rolling circumference of 1985 mm
and mounting a final drive (chain reducer), constituted by two toothed wheels with a
different number of teeth—Z1 with 32 and Z2 with 40, respectively (Figure 2);
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e  its minimum cutting height (by 0.05 m, by modifying the shape of the support slide of
the cutting bar;
the bunch size by also lowering its binding height;
the bunch binding height by lifting the base of the conveyor and binding unit [12].

(a) (b)

Figure 2. Detail of the modified BCS 622 reaper-binder where the added final drive (chain reducer),
constituted by two toothed wheels, is shown: (a) original version; (b) modified version.

The mechanical harvesting test was carried out by two operators, of which one was
the driver and the other collected the bunches left on the ground and loaded them inside
boxes, on a trailer connected to a tractor, for storage in the shade.

By modifying the binding unit, the bunch size was reduced to a thickness similar
to that of manual binding, while the working capacity, productivity and quality of the
machine were improved with respect to manual harvesting, and the product losses on the
field were also minimised.

2.2. Assisted Harvesting Test

The assisted harvesting test was carried out using a long-reach edge trimmer, Mc-
Culloch B33 PS, equipped with a 33 cm® two-stroke petrol engine with a power output of
0.9 kW, as well as an adjustable shaft and a pivoting cutting bar (Figure 3).

Figure 3. Long-reach edge trimmer, McCulloch B33 PS, used during the assisted harvesting test.

The assisted harvesting test was also carried out by two operators, of which one used
the edge trimmer and the other collected the stems left on the ground and bound them in
bunches. Every ca. 30 min, both the operators collected the bunches left on the ground and
loaded them on the above trailer.
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3. Results and Discussion

The average times of the various operations, carried out during the three harvest tests
with reference to an area of 1 ha, are shown in Figure 4.

30

h+ha'l
—
wn

Mechanical Assisted Manual

B Cutting B Collection and binding
Cutting, collection and binding B Turning on headlands

® Machine setting up

Figure 4. Average times of the various operations carried out during the three harvest tests with
reference to an area of 1 ha (average data).

From Figure 4, it is possible to deduce that if a mechanical harvest is performed
instead of a manual one, the total average time decreases by ca. 81%. In contrast, if assisted
harvesting is performed instead of a manual one, the total average time decreases by
ca. 50%.

The total average time of mechanical harvesting is constituted by cutting and binding
time for ca. 74%, turning (on headlands) time for ca. 20% and machine setting up for ca. 6%.

The time for turning on headlands, as a percentage of the total time, depends on the
row length: an increase in the row length should determine a decreased turning time as a
percentage of the total time.

The average forward speed of the modified reaper-binder resulted was 0.98 m s~ 1,
while that of the edge trimmer was 0.41 m s~ .

Therefore, the reaper-binder allowed average working capacity and productivity rates
much higher than those obtained with manual harvesting.

Moreover, the edge trimmer allowed average working capacity and productivity rates
lower than the reaper-binder but much higher than in the manual harvesting operation.

The average harvest efficiency of the mechanical harvesting test was 92%, i.e., 4%
lower than the 96% obtained in the assisted harvesting test. However, the average harvest
efficiency of both the mechanical and assisted tests was lower than that (98.5%) of the
manual harvesting test. Yet, the edge trimmer produced low average product losses
on the field, so the resulting average harvest efficiency was slightly lower than that of
manual harvesting.

During the mechanical harvesting test, using the modified reaper-binder, the average
bunch weight (1.52 kg) was higher than that required by the market (0.25 kg), while the
average bunch binding height (0.19 m) was slightly higher than that obtained with manual
harvest (0.15 m). Therefore, the harvest quality of the modified machine, in terms of bunch
weight and binding height, favourably compares with that manually obtained.

According to the results of the one-way ANOVA with a significance level of 0.05,
applied to the collected data shown in Table 1, it was possible to discover:
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- significant differences among the three harvesting tests for six out of nine considered re-
sponses, i.e., working capacity (p-value = 0.000), working productivity (p-value = 0.000),
working efficiency (p-value = 0.023), product losses on the field (p-value = 0.011),
bunches per ha (p-value = 0.000) and bunch average weight (p-value = 0.000);

- no significant differences among the three harvest tests only for three out of nine
considered responses, i.e., product not harvested (p-value = 0.070), cutting height
(p-value = 0.559) and bunch binding height (p-value = 0.406).

Table 1. Working parameters of mechanical, assisted and manual harvesting tests (collected data).

Harvest Mechanical ! Assisted 12 Manual
Test 1 2 3 1 2 3 1 2 3
Working capacity (ha h— 1 0.198 0.21 0.187 0.149 0.146 0.145 0.037 0.04 0.035
. P -1
Working productivity (ha h 0099 0107 0091 007 0076 0074 0037  0.04 0.035
operator™ ")
Harvest efficiency (%) 87 94 90 93 98 97 98.5 98 98
Product losses on the field (%) 2.5 35 2.5 2 1 1.5 1 1 1.5
Product not harvested (%) 10.5 2.5 7.5 5 1 1.5 0.5 1 0.5
Cutting height (m) 0.1 0.14 0.12 0.14 0.06 0.1 0.08 0.1 0.11
Bunches per ha (n) 5130 5206 5198 32,084 31,930 31,865 31,365 31,492 31,463
Bunch average weight (kg) 1.4 1.6 1.53 0.23 0.28 0.24 0.24 0.27 0.27
Bunch binding height (m) 0.22 0.17 0.18 0.13 0.16 0.19 0.15 0.17 0.19

! Mechanical harvesting is performed by means of the reaper-binder, while assisted one is carried out by using
the edge trimmer. 2 Steam collection and bunch binding are manually performed.

Confidence intervals (95% confidence level) on the means, calculated by using the
Tukey method, allowed us to see the influence of the three harvest tests on the nine
responses. This is illustrated in Figures 5-13.

Interval Plot of Working capacity (ha h-1) vs Harvesting
95% Cl for the Mean

0.20 +
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Assisted Manual Mechanical
Harvesting

The pooled standard deviation is used to calculate the intervals.

Figure 5. Results of Tukey method with a CI (Confidence Interval) of 95%, applied to the raw data of
working capacity for the three harvest tests (p-value = 0.000).
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Interval Plot of Working productivity (ha h-10p vs Harvesting
95% Cl for the Mean
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Figure 6. Results of Tukey method with a CI (Confidence Interval) of 95%, applied to the raw data of
working productivity for the three harvest tests (p-value = 0.000).

Interval Plot of Harvest efficiency (%) vs Harvesting
95% Cl for the Mean
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The pooled standard deviation is used to calculate the intervals.

Figure 7. Results of Tukey method with a CI (Confidence Interval) of 95%, applied to the raw data of
working efficiency for the three harvest tests (p-value = 0.023).

Interval Plot of Product losses on the field (%) vs Harvesting
95% CI for the Mean

3.0

25

Product losses on the field (%)

05
Assisted Manual Mechanical
Harvesting

The pooled standard deviation is used to calculate the intervals.

Figure 8. Results of Tukey method with a CI (Confidence Interval) of 95%, applied to the raw data of
product losses on the field for the three harvest tests (p-value = 0.011).
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Interval Plot of Product not harvested (%) vs Harvesting
95% CI for the Mean
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The pooled standard deviation is used to calculate the intervals,

Figure 9. Results of Tukey method with a CI (Confidence Interval) of 95%, applied to the raw data of
the product not harvested for the three harvest tests (p-value = 0.070).

Interval Plot of Cutting height (m) vs Harvesting
95% Cl for the Mean
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The pooled standard deviation is used to calculate the intervals.

Figure 10. Results of Tukey method with a CI (Confidence Interval) of 95%, applied to the raw data
of cutting height for the three harvest tests (p-value = 0.559).

Interval Plot of Bunches per ha (n) vs Harvesting
95% CI for the Mean
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The pooled standard deviation is used to calculate the intervals.

Figure 11. Results of Tukey method with a CI (Confidence Interval) of 95%, applied to the raw data
of bunches per ha for the three harvest tests (p-value = 0.000).
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Interval Plot of Bunch average weight (kg) vs Harvesting
95% Cl for the Mean
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Figure 12. Results of Tukey method with a CI (Confidence Interval) of 95%, applied to the raw data
of bunch average weight for the three harvest tests (p-value = 0.000).

Interval Plot of Bunch binding height (m) vs Harvesting
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The pooled standard deviation is used to calculate the intervals.

Figure 13. Results of Tukey method with a CI (Confidence Interval) of 95%, applied to the raw data
of bunch binding height for the three harvest tests (p-value = 0.406).

Furthermore, the harvest method also affects the product quality, in terms of exterior
appearance, as the oregano bunches obtained by means of the three tested harvesting
methods are not suitable for all the commercial uses of this plant species. In fact, the
manually harvested bunches and those obtained by means of assisted harvesting can be
commercialised for all possible uses (i.e., herb production, essential oil extraction and food)
without packaging in local markets or after packaging for large-scale retail trade or export.
In contrast, the mechanically harvested bunches can be used for essential oil extraction
and/or as shelled food (i.e., flavourings).

4. Conclusions

The results of this research provide farmers with some suggestions aimed at signifi-
cantly reducing the production cost of oregano in “marginal” hilly areas.

In fact, the modified reaper-binder and the edge trimmer allowed us to achieve
working capacity and productivity rates about five and four times, respectively, higher
than those manually obtained.

Yet, the harvest quality achieved using the modified machine was lower than that
manually obtained: it resulted in bunches having a weight about six times higher than
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References

those manually harvested and required by the market, while the related binding height
was slightly higher than that of manual harvesting. Moreover, the modified reaper-binder
allowed us to achieve a harvest efficiency slightly lower than that of manual harvesting, due
to both higher product losses on the field and a higher amount of product not harvested.
Thus, the reaper-binder can minimise harvest time and, therefore, cost, while allowing
us to obtain bunches slightly bigger than those manually harvested, even if it requires an
initial investment cost.

In contrast, the edge trimmer allowed us to achieve working capacity and produc-
tivity rates slightly lower than the reaper-binder but about four times higher than in
manual harvesting.

Therefore, the edge trimmer could be used by farmers that cultivate and manually
harvest oregano on small areas of land: they could invest a small amount of capital to
increase the working capacity and productivity while achieving a working quality similar
to that of manual harvesting. Thus, the edge trimmer can be a cheap solution for reducing
the harvest time and cost.

The reaper-binder allows us to decrease the total harvest time by ca. 81%, while the
edge trimmer reduces it by ca. 50% compared with manual harvesting.

Moreover, the manually harvested bunches and those obtained using the edge trimmer
can be commercialised for all possible uses, while those mechanically harvested can be
used for essential oil extraction and/or as shelled food (flavourings).

Therefore, from the results of this research, it is possible to deduce that mechanical and
assisted harvesting is fundamental for Origanum vulgare L. cultivation and that the produc-
tion of fresh and/or dry oregano and its essential oil can play a key role in improving the
economy of areas of both inland Sicily and other Mediterranean regions. Thus, mechanised
oregano crop harvesting could be spread to these areas, which are often cultivated with
low-profit herbaceous plant species or lie fallow, in order to increase the farmers’ incomes
and job opportunities, as well as preventing or minimising hydrogeological instability,
comprising surface soil erosion, landslides, floods and water stagnation [14]. This profit
increase would tend to stop the abandonment of the above areas by farmers, who also
undertake the role of environmental protectors.
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