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ABSTRACT

Most of olive groves are designed for extensive
(traditional) cropping systems (< 200 p ha'),
nowadays high density (HD) or super-high density
(SHD) (up to 2500 p ha'') are increasingly adopted
because their ability to reduce production costs.
Based on the higher number of trees per hectare and
a considerable use of external inputs (e.g.,
agrochemicals, irrigation), the intensive olive
plantations promise more substantial revenues
derived from the mechanization of harvest and
pruning and an early entry into production. This
should provide local farms with the room to grow by
reaching an economically sustainable paradigm,
however, irrigation water availability and soil slope
might limit the adoption of HD and SHD. Olive
industry in Basilicata region (Southern Italy) is
based on traditional cropping systems with olive
groves also playing an important role in protecting
soil from hydrogeological risks. In Basilicata there
are Imrigation networks providing water for
agriculture underutilized in some areas because of
land abandonment or land use with not-irrigated
(less profitable) crops; however, most of lands are
non-flat potentially limiting tree crop cultivations.

In this work, we searched for identifying
suitable areas for establishing new HD/SHD olive
plantations within the Basilicata region mainly based
on distance from irrigation source and soil slope. At
this aim, we used various geo-environinental and
anthropic layers in GIS environment. The obtained
maps can represent a first knowledge base to support
regional policy makers to conceive an appropriate
agricultural strategy focused on fixing the lack of
facilities (e.g., irigation schemes) and open the way
for innovation approaches able to guarantee
adequate profitability to local farmers.

KEYWORDS:
Olive groves, intensive plantations, GIS, suitability map,
Basilicata

8347

INTRODUCTION

Italy is the second-largest exporter of olive oil
in the world and this crop represents a crucial asset
for the agricultural economy of Southern Italy. The
fast-changing international markets and the rapidly
changing climate (more frequent droughts, late
frosts, [1,2]) and, recently, the plague of Xylella
bacteria are contributing to reshape the Italian olive
sector and the spatial distribution of this crop [3,4].
The National Olive Oil Plan (2016}, established for
revamping the sector, highlighted the need of
modernizing olive cultivation through efficient and
economically sustainable management approaches
able to hold a candle to international competitors
represented also by emerging producing countries
[5] while maintaining cultural heritage and genetic
diversity [6]. In Italy, still today, almost the whole
olive groves conform to traditional cropping systems
which are poor mechanized {7] with low-density
plantations (less than 150-200 trees per hectare),
high productivity per tree counterbalanced by low
productivity per hectare, no irrigation, high
fragmentation of ownership, and high production
costs which mean low profitability. On the contrary,
HD/SHD olive groves are cropping systems
implying different production methods, distribution
of trees, used equipment and yields. Intensive olive
growing makes use of agrochemicals, irrigation
schemes and exhibits a high number of trees per
hectare (200-600) and a regular planting pattern
enabling a partial or total mechanization which
should mean higher profits. SHD olive farms are
characterized by a higher tree density compared with
the HD plantations (up to 2500 trees per hectare with
a typical hedgerow arrangement), a more massive
use of fertilizers/pesticides and irrigation amounts,
fully mechanized practices, and adoption of non-
vigorous olive cultivars. These features result in
early entry into production, faster amortization of
sustained costs, increased yields, and higher profit
margins.

The scenario in Basilicata (Southern ltaly) is
similar to that found in Italy with a large prevalence
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of traditional plantations occupying over 5% of the
regional UAA (Utilized Agricultural Area), shearing
approx. 1% of the total national production (ISTAT
Agricultural Census 2010) and manifesting a high
fragmentation of the ownership (about 0,85 hectares
for each olive farm) and a moderate decrease of
cultivated surfaces in last years (data from ISMEA
(81:

In the face of the observed reduction of areas
devoted to olive groves in Basilicata, it is worthy of
note that, recently, there have been a few hundred
hectares of super-intensive plantations, opening the
way for alternative cropping systems of specific
candidate areas.

This paper presents a spatially-explicit land
suitability analysis integrating different
environmental and anthropic layers to identify areas
potentially assignable to HD/SHD olive cultivation
in Basilicata. Distance from irrigation network and
slope are relevant constraints to these cropping
systems and therefore were used to finalize the
identification. The findings of the work can help
decision makers to support introduction of new crop
management systems by rationally arranging
facilities and land resources to increase productivity
of areas affected by abandonment and depopulation.

STUDY AREA

Basilicata is a region nestled in the heart of
Southern Italy showing a good suitability for olive
groves due to the climate conditions which are
strongly influenced by orography [9] and
encompassing Mediterranean (coastal and lowland
areas), cold semi-arid (south-eastern hilly areas), and
continental climates (mountain areas) [10]. In fact,
olive groves represent the most common free crop
covering surfaces practically throughout the study
area (particularly the Vulture-Melfese district, the
Agri Valley, the Bradano Basin, a part of Matera
Hills and the Metapontum Plane, see Figure 1a) in
every environment except from high-elevation areas
with continental climates. In many areas, olive
groves are a distinctive element of the Mediterranean
landscapes while have the role of protecting soil,
especially where land degradation phenomena occur
due to a combination of anthropic and natural
predisposing factors [11,12,13]. In particular, olive
growing when managed in a sustainable manner can
prevent or mitigate erosive processes and fulfills a
crucial function in climate change mitigation by
storing carbon [14,15]. Lastly, this crop can
effectively contribute to increase the revenues of
local farms located in areas designated as
disadvantaged/marginal.
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MATERIALS AND METHODS

This work has been conducted by adopting
different vector and raster layers, freely accessible
from various sources (Figure 1):

*  Boundaries of municipal units of Basilicata
(from the ISTAT - Italian National Institute
of Statistics, see https://www.istat.it/it/
archivio/222527);

«  Cadastral information concerning parcels
with olive trees declared by local farms
(years 2013-2014);

»  The territorial database of the Corine Land
Cover 2018 (CLC2018) at third level of
detail (see [16]

= Tinitaly DEM (Digital Elevation Model) at
10m of spatial resolution [17]

= Layers from the Geoportal of the Basilicata
Region (RSDI, see https:/rsdiregione.
basilicata. it/):

a) 2017 orthophoto representing the
most recent aerial image available for
the Basilicata territory.

Location of the water supply network

of the Basilicata.

All the collected information represents
environmental (i.e., elevation, slope) and anthropic
elements (i.e., distance from irrigation source) useful
to delineate the optimal and sub-optimal spatial
configuration of possible locations of HD/SHD olive
plantations in Basilicata. The CLC2018 has been
established as the starting point because it is the most
recent land use map of the study area providing a
good level of accuracy [18] and including a specific
category associated to olive groves (class 223). This
layer has been further integrated through the dataset
extracted from the cadastral register of Basilicata
dating back to the years 2013-2014. This kind of
information, although less updated, has a finer
spatial resolution able to identify also small areas
covered by olive groves often present within the
Basilicata rural districts. This is the backbone of
areas currently devoted to olive cultivations with an
overwhelming majority of traditional plantations.

The main idea behind the conceived geomatics
applications lies in identifying the other possible
CLC2018 classes that can be converted to intensive
olive groves under specific geo-environmental
conditions. We have firstly excluded urban, forest
and wetland areas, vineyards, and fruit tree orchards
(respectively the 221 and 222 classes of the
CLC2018). Specifically, the expansion areas we
have taken into account are the CLC classes 211
(Non-irrigated arable land), 231 (Pastures), 241
(Annual crops associated with permanent crops),
242 (Complex cultivation patterns), 243 (Land
principally occupied by agriculture, with significant
areas of natural vegetation), 244 (Agro-forestry
areas) and 321 (Natural grassland). The main

b)
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environmental variables playing a significant role in
shaping potential, suitable areas for olive groves are
elevation and slope (derived from elevation). We
have set a threshold value for elevation (<750 m
a.s.1.) so that to remove mountain areas, little suitable
to host olive trees because of its impact on
phenology [19]. At the same time, we have used a
double threshold for slope: 15% and 25% (see e.g.,
https://www.agromillora.com/shd-olive-crops/).

This is aimed at having two different belts of which
the first one (15%) is more restrictive to allow a full
mechanization of agricultural practices (namely
harvest and pruning). Finally, because intensive

DEM (m. a.s.l.)
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Olive groves from the
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plantations require a permanent and considerable
water input, we have taken into consideration the
distance of agricultural plots from the water supply
network of Basilicata. Also in this case we have
supposed two different values: 500m and 1000m,
computed as buffer arcas along the water supply
network and considered compatible distances to
allow an easy connection to local farms. The final
filter applied to the obtained maps has been the
removal of patches occupying surface less than 3000
m? to identify areas sufficiently wide to enable the
management even under third parties of harvest and
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FIGURE 1
a) Tinitaly DEM (Digital Elevation Model) of Basilicata at 10m of spatial resolution with overlapped the
arrangement of regional water supply network and the main toponyms, b) CLC2018 at third level of
detail; c) Spatial distribution of olive groves from the cadastral register (years 2013-2014) in each
municipality of Basilicata.
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pruning. To better interpret the produced maps, basic
zonal statistics were calculated on the municipal
boundaries of Basilicata, to know the total extent of
suitable areas for each municipality of the region.

Integration of layers, spatial analysis and any
further calculation were carried out within the GIS
environment of QGIS 3.14.16 (http://qgis.osgeo.
org). Geospatial data were projected to WGS84
UTM zone 33.

RESULTS AND DISCUSSION

For each of the four hypothesized scenarios
combining two different slopes (15% and 25%) with
two different distances from the water supply
network (500m and 1000m), we have obtained a
suitability map indicating areas prone to intensive
olive groves from an environmental and logistic
point of view. In addition, each pixel of suitable
areas is marked by the CLC code so that it is possible
to know the previous land cover. As shown in Figure
2, the map built based on the parameters 25% and
1000m obviously holds the record for the extent of
surfaces (about 1380 km?), followed by the scenario
with 15% and 1000m (about 930 km?), 25% and
500m (about 780 km?) and, lastly, 15% and 500m
(the more restrictive scenario with a total area of
about 550 km?). When looking at these maps, it is
evident that there is a wide possibility to enlarge
areas devoted to intensive olive cultivations at the
expense of mainly arable land (CLC class 211 — dark
green colored in Figure 2). The most influencing
factor in delimiting suitable areas is the arrangement
of water supply facilities. The cominon trait
emerging when analyzing the spatial distribution of
the four suitable maps is the scarce presence of
candidate areas in specific zones.

These zones are located especially within the
Matera Hills and along the middle course of the
Bradano River Basin where lowlands and low-hilly
areas are common, while gentle slopes prevalently
characterize many areas, but irrigation infrastruc-
tures are rather far making difficult the potential
change of land cover. On the other hand, probably it
would be appropriate to reinforce and thicken olive
plantations in those areas, already characterized by a
significant presence of this crop, albeit in its
traditional form. In this case, the Vulture Melfese
district, the Metapontum Plane and some
municipalities of the Bradanc River Basin can
represent potential locations where to substitute
marginal or less profitable crops (e.g., cereals) with
HD/SHD olive plantations. This might be also
justified by constraints (e.g., virus) impacting other
tree crops such as stone fruits.
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As an example, we have tabulated areas for.

each municipality of Basilicata taking into
consideration only the more restrictive scenario
(15% slope and 500m distance from water facilities,
see Table 1). The majority of municipalities belongs
to the above-mentioned zones, confirming that there
is room for enlarging areas devoted to this crop in
zones strongly devoted to agriculture.

TABLE 1
Statistics including the best 10 municipalities for
extent of suitable areas according to the scenario
based on 15% of slope and 500m distance from
water supply network,

Municipalities Suitable areas
(hectares)
VENOSA 7474,18
IRSINA 6441,24
PISTICCI 6182,79
LAVELLO 4227.88
MELFI 4136,60
MATERA 4002,25
GENZANO DI LUCANIA 3648,03
SCANZANO JONICO 3131,01
MONTALBANO JONICO 2967,12
BERNALDA 2903,87
CONCLUSION

This paper investigates the possibility to
expand the plantations of intensive olive groves in
Basilicata by simulating different scenatios based on
geo-environmental and anthropic factors. Results
indicate that a wide portion of other regional land
cover classes can be transformed in intensive olive
plantations (always over 500 km?). The dominant
parameter driving the distribution of new suitable
areas is the presence of water facilities as a crucial
condition to feed intensive agriculture. In all the four
simulated scenarios there are large areas having all
the environmental requirements but too far from the
regional water supply network. This suggests to
policy makers how it is possible to improve the
arrangement of regional irrigation infrastructures
considered essential in regions increasingly
vulnerable at climate risk such as Basilicata. In
Southemn Italy, this climatic vulnerability is
associated to the decline of competitiveness of local
farms due to the presence of strong competitors
coming from developing countries. The maintenance
of agricultural activities, within areas labelled as
marginal/disadvantaged, by innovating cropping
systems to reach high business margins, can
represent an economic and environmental protection
against depopulation and hydrogeological risks [20].
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25% slope and 500m of distance
from water facilities
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FIGURE 2

a) Suitability map based on 25% (slope) and 1000m (distance from water facilities); b) Suitability map
based on 25% (slope) and 500m (distance from water facilities; c) Suitability map based on 15% (slope)
and 1000m (distance from water facilities); d) Suitability map based on 15% (slope) and 500m (distance

from water facilities). The legend reports the CLC classes to which suitable areas come from.
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