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Abstract

The last Common Agricultural Policy (CAP) reform (Council
Regulation (EC) n. 1782/2003), coincided with the mandatory obliga-
tions of the principles of cross compliance, under which all compensa-
tory payments given in the context of the former reform packages were
replaced by a Single Payment Scheme (SPS), bound to fulfillment of
certain requirements and minimum standards regarding the environ-
ment and animal welfare, as well as maintaining the land in good agri-
cultural and environmental conditions. For the olive sector, where
potential risks are mainly associated to the abandonment of groves in
marginal areas with consequent negative environmental impact, it has
been specifically established the standard 4.3 of the Good Agricultural
and Environmental Conditions (GAEC) which concerns the
Maintenance of olive groves and vines in good vegetative conditions.
This GAEC standard was formulated to ensure a minimum level of land
maintenance and to avoid the deterioration of habitats. To achieve
these objectives it should be considered that a good vegetative devel-
opment is strictly related to the care of the soil in which the plants
grow. Erosion, organic matter and soil structure decay are the most
commonly identified impacts for olive orchards, 30% of which are
localized in areas with difficult orographic conditions. In this sense,
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proper hydraulic and mechanical techniques, cover cropping, green
manuring and timely pruning turns, are essential to minimize losses
due to soil erosion, to limit the leaching of nutrients and to maintain
the plant productivity. Furthermore, grinded pruning residues should
be spread in situ and weeds, watersprouts and suckers should be peri-
odically cut off in order to increase the atmospheric CO, sequestration
and soil organica matter (OM) and to prevent wildfires risk and nutri-
ents competition. The application of the standard 4.3 requires further
investigations, because, while numerous studies have shown that
pruning is essential for the production, there are not enough data on
the influence that practicing this technique at least every five years
could have on habitats maintenance and on olive trees vegetative
development. This GAEC standard seems to be too generic and should
be diversified according to different types of olive orchards.

Introduction

Olive (Olea europaea L.) is one of the most important and wide-
spread fruit tree species in the world, whose origin is lost in prewrit-
ten history. Currently (Table 1), there are over 9.9 million hectares
harvested -more than 90% of that in the Mediterranean basin- produc-
ing about 18 million Mg of olives and 3 million Mg of oil (FAO, 2009).
Nevertheless, olive oil accounts for only 2% of total fat consumed in the
world and for barely 3% within vegetable oils (Oil World, 2005), as well
as 85% of whole consumption is still concentrated in the producer
Countries of the Mediterranean area. In the EU-27, olive represents
the main and most extensively cultivated permanent crop (38%), with
olive oil reaching the 1.3% share of the overall output value at produc-
er prices of the agricultural industry (Eurostat, 2007; 2010). After mil-
lennium of substantial balance in Mediterranean crops, the olive grove
agroecosystem has suffered in recent decades a major attack resulting
from intensification, massive and indiscriminate use of agrochemi-
cals, mainly for plant defence and production, provoking destabiliza-
tion of the biological equilibrium and widespread environmental
degradation (lannotta, 2003). Moreover, during the 1980s and 1990s
the Common Agricultural Policy (CAP) has encouraged, especially in
Spain and Greece, the expansion of intensive plantation and increased
the marginalization of traditional low-input systems with generally
negative consequences for the environment: considerable reduction in
the diversity and total number of flora and fauna, significant loss of
wildlife habitat and erosion of the ecological infrastructure of the farm-
land (Kabourakis, 1999). In fact, production aid has been the main
CAP tool to support olive farmers’ income, particularly since 1998,
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when, after a transitional reform of the Common Market Organization
(CMO), it became linked to current output for each producer (Duarte
etal.,2006). The result is that, worldwide, intensive olive farming today
represents 30% of acreage and 50% of total production, traditional
farming 50% of acreage and 40% of production, and marginal olive
farming 20% of acreage and 10% of production. With production inten-
sification adverse environmental effects like erosion, decreased biodi-
versity, high water use and pollution, became a main feature of many
olive growing areas in Italy, Spain, Greece, and Portugal (Beaufoy,
2001). At the same time, the abandonment of farming in marginal
areas, driven by social and economic factors, was posing a serious
threat to the farmed environment and to rural landscapes. The latest
CAP reforms (referred to as Luxembourg agreement, or Fischler
reform, Council Regulation (EC) n. 1782/2003) tried to respond to the
double challenge of reducing agricultural pressures on the environ-
ment and favouring the delivery of environmental services by farming
introducing agri-environmental measures (AEM). This reform com-
prises two principal headings of budgetary expenditure: market price
support and direct income payments (Pillar 1), and a range of selective
incentive payments targeting rural development (Pillar 2). An impor-
tant cornerstone of the decoupling of direct payments from production
is therefore the link between EU support for agriculture under the
Single Payment Scheme and measures aimed at protecting the envi-
ronment as well as achieving high standards in food safety, animal and
plant health and welfare. Under the Single Payment Scheme farmers
are required to respect the various Statutory Management
Requirements (SMRs) set down in EU legislation (Directives and
Regulations) on the environment, and to maintain land in Good
Agricultural and Environmental Condition (GAEC). This is known as
cross compliance. In this sense, the objective of cross compliance is to
contribute to the development of sustainable agriculture and making
the new CAP more compatible with the expectations of society at large
and, in general, it is aimed at avoiding soil erosion, maintaining soil
organic matter content and soil structure, ensuring proper conserva-
tion of land and landscape, and avoiding degradation of habitats. The
aim of this work, conducted within the Efficond! project is to provide an
overview on the Italian oliviculture and to give guidance on cultivation
techniques normally applied for the effective implementation of cross
compliance, with particular reference to the standard 4.3 Maintenance
of olive groves and vines in good vegetative conditions.

Status of oliviculture in Italy

Italy currently occupies the third place, after Spain and Tunisia, for
the spread of olive with about 1.16 million hectares (around 98% in pro-
duction) in primary culture which approximately represents 5.7% of
the national utilized agricultural area (UAA), ranks second after Spain
as oil producer and first as consumer (700,000 Mg per year) and
importer (around 130,000 Mg per year) (ISTAT, 2010; FAO, 2009). Olive
trees are farmed in 19 regions out of 20, more consistently in the south-
ern and insular ones (Figure 1) for a total number of orcharders differ-
ently estimated according to the identification criteria: i) about
1,050,000 producers farming or developing activities of management
and maintenance of olive groves (Mi.PA.A.E, 2010); ii) 957,360 profes-
sional farms surveyed by Agea having access to CAP decoupling aid; iii)
775,783 agricultural farms estimated by ISTAT (2007a). with an even
though minimal specialization in olive production.

IEFFICOND (EFF= environmental efficacy of COND = cross-compliance [Condizionalita in
Italian] standards) is a project of the CRA (Agricultural Research Council) started in 2009
to answer the specific needs of the RRN (National Rural Network) to monitor and assess the
environmental-protection measures imposed by the CAP on the national agricultural policy
and imple d via the Regional Rural Develop Plans (PSR). The project’s main goals
are the assessment of the Standards’ environmental efficacy and the development of agri-

environmental indicators for the assessment of the Standards’ efficacy at a national level.
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Besides, the Italian olive germplasm bank contains over 500 vari-
eties (Olea databases), approximately 42% of the world heritage, while
according to Fiorino et al., (2005), over 800 cultivar are quoted in liter-
ature, even if it is to be said that the Italian olive growing is based at
90% on only 50 varieties. In line with these findings, it becomes clear
the importance that this culture plays in economical, cultural and land-
scape terms. Nevertheless, oliviculture suffers from common problems
to the whole Italian agriculture: structural retards and land abandon-
ment. The greatest obstacles to renewal originate from the impossibil-
ity to uproot old unproductive olive trees and from the land structure of
the Italian olive sector which is extremely fragmented, showing an
average olive growing area of around one hectare per farm; 42% of the
producers own less than 1 ha and 73% of them own less than 3 ha, fur-
thermore, there are just a few producers with a surface larger than 100
ha (ISTAT, 2007b). In terms of olive trees number , over 60% of the
farms own less than 100 trees, 78% of them less than 250, producing a
share equal to 46% of the total olive oil amount. Only 12% of the farms
fall in the class interval from 250 to 500 plants and just 1.3% are
equipped with over 1000 trees, producing 25% of the total olive oil
amount (MiPAAF, 2010). It is easily explainable, apart from inherited

Table 1. Main olive producer in different countries, with related
harvested area.

Spain 2,500,000 6,204,700 1,199,200
Italy 1,159,000 3,600,500 587,700
Greece 800,000 2,444,230 332,600
Turkey 727,513 1,290,654 143,600
Syrian Arab Republic 635,691 885,942 168,163
Tunisia 2,300,000 750,000 150,000
Argentina 52,000 160,000 22,700
Australia 20,000 62,655 5,638
United States of America 12,545 38,830 2,700
World 9,922,836 18,241,809 2,907,985
Source: FAO data 2009.
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reasons, considering that 30% of olive groves are localized in areas
with difficult orographic conditions (Table 2). Another evidence of this
fragmentation is the fact that in Italy there are over 6000 authorized oil
mills, whereas in Spain they are about 1800 (ISMEA, 2009). From a
farming system point of view, in Italy at least three main groups can be
identified: abandoned or being abandoned olive groves with historical-
landscape function, marginal olive groves characterized by specific fac-
tors defined by the Land Capability Classification (Klingebiel and
Montgomery, 1961) as limiting the agricultural use of soil conferring
marginality to the crop and productive olive groves.

Abandoned or being abandoned olive groves, including terraced ones
(Figure 2), are no longer used for production purposes, but they have
primarily acquired a landscape and historical function of protecting the

Table 2. Orographic distribution of olive groves in percentage.

Plain Light Heavy Very Terrace
slope  slope heavy
(15-25%) slope
(>25%)
Italy 39.2 422 9.7 0.6 8.3
Central-Northern zone  13.6 49.9 144 1.6 20.6
Southern zone 49.1 39.2 7.9 0.3 3.5

Source: Ismea, 2005.

territory (e.g. control of runoff in steep slope areas) and maintaining
the ecosystem. Therefore, they need both land management and weed
control in order to avoid wildfire risk, cause of environmental degrada-
tion and biodiversity loss.

Marginal olive groves, often characterized by more or less pro-
nounced slopes, should be managed so as to maintain soil fertility and
to reduce erosion (Figure 3). The erosion processes in fact, directly
contribute to soil degradation and sloping land destabilization, primary
factor for the development of a productive agricultural activity. It's been
demonstrated that the permanent cover cropping system can effective-
ly solve these problems.

Productive olive groves: the cultivation techniques in olive farms aim
to achieve the maximum productive and economic efficiency (Figure
4). To maximize the olive trees productivity it is necessary to optimize
all cultural practices, especially pruning. The intensity of the cut varies
according to age, vigor and plant cultivation system, and its purpose is
to provide and maintain the appropriate form to enable a better man-
agement of the olive grove, as well as promoting the whole canopy aer-
ation, lighting, photosynthesis and fruiting. Usually this technique is
performed every 2 or 3 years maximum in late winter-early spring,
while the removal of water sprouts is carried out annually. The man-
agement of soil, in this type of olive grove, is a function of the specific
disposition of each plot and must be chosen according to the topogra-
phy of the area (flat or hilly), in order to prevent the erosion of the most
fertile soil layer and the deterioration of habitats (Table 2).

Figure 2. Abandoned or being abandoned mountainous (a) and
terraced (b) olive groves.
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Figure 3. Hilly (a) and terraced (b) marginal olive orchards.
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CAP reforms and oliviculture

The Common Agricultural Policy in the olive oil sector, has its ori-
gins in 1966 (Council Regulation (EEC) n. 136/66) with the establish-
ment of the Common Market Organization (CMO) for oils and veg-
etable fats, essentially aimed to protect the Italian market, whereas
Italy was the only great producer of the that time six European
Economic Community (EEC) member States. Basically this Regulation
introduced production aid per Mg of oil produced; consumption aid to
bottling, buffer stocks and a series of fixed reference prices and duties.
After the entry of Greece in 1981 and Spain and Portugal in 1986, a
Maximum Guaranteed Quantity equal to 1,350,000 Mg was set to dis-
courage olive oil output exceeds, providing proportional production aid
reductions (Figure 5). Anyway, the CMO remained in force, practically
unvaried in its settings, until 30 October 1998, albeit with minor mod-
ifications over the years. From November 1, 1998 (Council Regulation
(EC) n. 1638/9 and 1639/98), so-called reform-bridge was introduced
which, although adopted as an ad interim solution (supposed for 3
years), remained in force until the year 2004/05. Even the 1998 CAP
reform supported a production aid system which led farmers to system-
atically increase their outputs with adverse environmental effects, and
encouraged fraudulent behaviours with consequent EU’s budgetary
drifts (Drogué, 2006), so, production limits were set to 1,783,811 Mg
per year to help in reducing surpluses, private stocks replaced the com-
mon buffer stocks and agri-environment measures (AEM) were intro-
duced. The last CAP reform (Council Regulation (EC) n. 1782/2003),
coincided with the mandatory obligations of the principles of cross
compliance, under which all compensatory payments given in the con-
text of the former reform packages were replaced by a Single Payment
Scheme (SPS), bound to fulfillment of certain requirements and mini-
mum standards regarding the environment and animal welfare, as well
as maintaining the land in good agricultural and environmental condi-
tions. As a consequence of this policy reform, olive grove owners are
entitled to receive up to 95% of the subsidies in the base period
(around 2250 million euros) as area payment almost entirely decoupled
from the kind and/or the level of production (OECD, 2004) with the pur-
pose to avoid distortions in resource allocation. The reference years -
from 1999/00 to 2002/03- chosen by the European Commission were
those which displayed the highest levels of payments and production.
Payments were granted where farmers had eligible hectares at their
disposal to activate the appropriate number of entitlements, whereas
the reference area is the olive surface derived from the olive GIS (GIS
hectare) based on an algorithm (OLIAREA) certified by the European
Board. According to this methodology about 757 millions olive trees in
5.44 million ha have been estimated in the EU (Masson, 2005).

In April 2004 (Council Regulation (EC) 864/2004 and 865/2004), the
olive oil sector was reformed along the lines of the reforms of 2003: a
minimum of 60% of payments was decoupled with a base of 2002-03 to
determine the aggregate amount of aid. The reference area was applied
only to systems planted before May 1, 1998, and member states might
use up to 10 percent of their national olive oil payments to improve the
quality of oils. Afterward, Regulation (EC) n. 2012/2006, published in the
Official Journal of the European Union n. L 384 of 29 December 2006,
changed the foregoing provisions, determining that all surfaces groves
are eligible for Single Payment Scheme, therefore, from 2007, entitle-
ments may also be used for new olive groves planted after May 1, 1998,
s0 as to increase the production potential. Although the GAEC includes
rules of minimum land maintenance, switching from production-cou-
pled aid to decoupled aid, in general, in the short term, is predicted to
lead to intensification being reduced in intensive systems and to pro-
duction being abandoned in systems where sale revenue does not cover
production costs. In the longer term, this could lead to smaller areas and
increased concentration of production in areas with comparative advan-
tages (plains that enable the use of machinery and irrigation) (EEIG
Agrosynergie, 2009). For the olive oil sector, where potential risks are
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mainly associated to the abandonment of olive groves, the coupled part
of support is aimed to guarantee that the cost of maintenance of olive
trees is covered, while the production decision is left to producers
(European Commission, 2003). The phenomenon of production aban-
donment could be particularly common in smaller farms located in mar-
ginal areas (De Gennaro, 2006; Saija and Franco, 2008) mostly in moun-
tain zones whose yields are lower and costs of production higher

A A e

Figure 4. Productive olive groves. Flat (a) and hilly (b) high input

traditional olive orchards.
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Figure 5. Changes in average world olive oil production and con-

sumption 1994-2008. Source: IOC
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(Arriaza et al., 2008). In this sense de Graaff et al. (2011), developed a
linear programming model to assess the various socio-economic and
environmental effects of different development scenarios of olive
orchards, as a result of changing market prices, wage rates and subsi-
dies, showing that cross compliance obligations may lead to more aban-
donment and may restrain a move towards more intensive systems as
predicted by several olive sector specialists in the respective countries
(Fleskens and de Graaff, 2006; Fleskens, 2007). Abandonment of tradi-
tional extensive systems would have negative environmental (increased
risk of fires and soil erosion), economical (lower local production of
olive oil), landscape and socio-cultural (change of traditional groves,
depopulation of rural areas) consequences (Beaufoy and Pienkowski,
2000; EEIG Agrosynergie, 2009). This risk is particularly impending in
Italy, where, given the limits and constraints of the olive sector, produc-
tion costs are averagely higher than in other Countries, first of all Spain,
where the morphology of the land allows a more modern oliviculture
(ISMEA-IPSOA, 2010). Nevertheless, despite the Council Regulation
(EC) n. 1698/2005 on support for rural development, which allows agri-
environmental programmes to be designed at national or regional levels
according to local farming and environmental traditions, in Italy, the
Ministry of Agricultural, Food and Forestry Policies (MiPAAF), Regions
and Autonomous Provinces have jointly decided not to use the freedom
of autonomy that the EU regulation has left to member Countries, pre-
ferring to keep the grant-in-aid system which advantages large
landowners. Moreover, considering that -according to the concept of
SPS- production decisions tightly depend on market conditions (Mili S.,
2006, Katranidis and Kotakou, 2008), the fall in prices of olive oil (Table
2) and in producer income (in EU-27 in 2010 -5.7% as compared to
2009), could be the explanation to the decrease that the sector has
shown in the last CAP years (Table 3 and Table 4), in spite of the con-
tinuing growth trend in olive oil world consumption (Figure 2). As a
result, the Italian oliviculture is costantly losing market share, although
it must be underlined how olive growers are orienting their productions
to quality, trying to preserve the biodiversity of the territories, as evi-
denced by the primacy of olive oil trademarks with Protected
Designation of Origin, PDO (39 presently, around 40% of the EU, plus 1
Protected Geographical Indication, PGI), by the increase of organic pro-
ductions and by the choice to focus, for the most part, on the extra vir-
gin segment (2/3 of the total). PDO/PGI or organic olive oil productions
are supported by EC Regulation n. 510/2006, 834/2007 and 73/2009, and
even the Regional Development Program (RDP 2007-2013 with agri-
environmental measures (measure 214: integrated and organic produc-
tion) play an important role in encouraging the implementation of good
agricultural and environmental condition.

GAEC in oliviculture

The Good Agricultural and Environmental Conditions (GAEC) stan-
dards were formulated to ensure a minimum level of land maintenance
and to avoid the deterioration of habitats.

For olive orchards it’s been specifically established the standard 4.3
of the GAEC which concerns the Maintenance of olive groves and vines
in good vegetative conditions.

This standard, quite generic, compels farmers: i) to prune olive trees
at least every five years; ii) to cut suckers, water sprouts, brambles,
weeds and vegetation between rows at least every three years.

Also, according to Annex III, in the National Decree in force,
Prohibition of the grubbing up of olive trees (standard 4.5) has been
separated from standard 4.3, even if in Italy this rule was already in
force in accordance with Law n. 144 February 14, 1951.

The prohibition of the grubbing up of olive trees may generically
depend on the age (e.g. >100-year, assigned from farmer declaration,
olive cadastre, trunk diameter or trunk sample analysis), on the area
(e.g. areas at risk of land abandonment) or on the authorisation need-
ed for such action (Rete Rurale Nazionale, 2010). In Italy, derogations
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Table 3. Olive oil prices rise, in €/kg.

Extravirgin 326 370 3.16 291 250  2.60 2.93
Virgin 290 318 255 237 200 199 2.04
Lamp 266 278 217 210 175 159 149

Source: Ismea.

Table 4. Olive oil production (000 Mg)

I0C 6340 6850 8790 6365 4900 5100 5400 4600 4800
FAO 5749 6005 7945 6713 6032 5742 5639 5817

ISTAT 5749 6302 7945 657 603 5743 6068 5177
Source: 10C, FAO and ISTAT data.

are contemplated for:

- Phytosanitary motives;

- Authorized replanting or uprooting;

- Other cases covered by Law 144/1951 or by specific regional laws and
regulations;

- Sites of Community Importance (SCI), Special Protection Areas

(SPA) and Sites of Special Scientific Interest (SSSI).

The standard 4.3 was formulated to ensure a minimum level of land
maintenance and to avoid the deterioration of habitats through the
implementation of cultivation techniques aimed at the care of plants, in
order to maintain a balanced vegetative development of the olive grove,
in accordance with local types of farming, and prevent the spread of
weeds and the risk of fire.

In Italy, each region modified the compliance rules interpretation
according to the specific territorial characteristics, in fact, the consid-
erable pedoclimatic variability sometimes has made the norm more
restrictive. According to Bazzoffi (2010), the standard is focused more
to avoid land abandonment rather than to habitat maintenance. But,
considering that the Single Payment Scheme may increase the risk of
abandonment, this specific cross compliance rule, could possibly con-
tribute to preventing its negative environmental and social effects.

Erosion, soil management and cover crops

The preservation of agricultural land has become one of the most
contingent problems of agriculture in arid and semi-arid areas, where
climatic conditions combined with human accomplishments are caus-
ing such levels of erosion that are drastically decreasing the lands pro-
ductive potential (Figure 6). Erosion is linked to the rate at which
water passes into or infiltrates the soil and to the generation of runoff,
which is the real culprit of soil loss. In this sense, soil texture, bulk den-
sity, slope steepness and slope length (at gradients of 5-10% erosion
starts to appear), organic matter, soil moisture, ground cover, hard
pans, surface sealing, rainfall patterns and inadequate farming prac-
tices are all factors capable of influencing infiltration and erosion rates
(Saavedra Saavedra M., 2007). This phenomenon, reducing the lands
biological and productive potential, is behind the destabilization of the
ecosystem (Basso et al., 1997) and in extreme cases, can also cause
desertification or severe land degradation, with negative effects on
human health, natural ecosystems and climate change, as well as on
economy.

The problem is particularly serious and contingent in olive orchards,
since the occupied areas are commonly marginal and with steep slopes
(Aguilar Torres et al., 1996), especially in Italy, where, according to the
indications given in Table 1, most part of the national oliviculture is
located in hilly zones with a more or less accentuated steepness and is
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traditionally managed with repeated mechanical tillage practices to
controlling weeds which are important causes of the establishment of
erosion. There are various reports concerning the influence of soil
management on soil erosion in olive orchards in different
Mediterranean areas (Pastor and Castro, 1995; Kosmas et al., 1997;
Raglione et al., 1999; Francia et al., 2000; Pastor et al., 2001; Martinez
etal.,2002). According to several authors, in areas characterized by low
tree density, controlling weeds by frequent tillage and limiting tree size
by pruning, the olive production has been associated with severe soil
erosion (Lopez-Cuervo, 1990; Beaufoy, 2001). At the same time, soil
erosion results to be one of the most serious environmental impacts
associated with intensive olive trees cultivation. However even if the
results can be quite contradictory, due to the diverse set of environ-
mental conditions considered, the validity of the spontaneous and per-
manent cover crop techniques in steep areas has been widely and
unanimously demonstrated to reduce erosion, improve water regime
and facilitate the infiltration of rainwater (Bozzo and Parente, 1992;
Colugnati, 1993; Toscano, 2000; Romero et al., 2007) also because it is
well known that excessive tillage, resulting in soil loss, adversely
affects the indicators of soil stability such as microbial and fungal
diversity, organic carbon content and water stable macro-aggregates
(Gomez et al., 2004; Awarez et al., 2007). Furthermore, permanent

Figure 6. Management effects on soil erosion at CRA-OLI’s Az. Li
Rocchi - Rende (CS). Soil erosion is much more limited in cover
cropped (a) than in tilled (b) soils.
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cover cropping, facilitates root development and stimulates microor-
ganisms’ activity (Kladivko, 2001), with all the associated positive
effects on soil fertility and plant productivity.

The presence of vegetation over the entire surface, compared to
tilled soil, in sloped hilly olive groves, decreased both the frequency of
rainfall events generating runoff (14.7% vs 38.2%) and the volume of
runoff (10.2 vs 44.0 m? ha!), with fertile soil removal of 23.1 and
2191.5 kg ha-1 respectively (Toscano et al., 1999). Raglione et al.
(1999), in Southern Italy, measured total soil losses equivalent to .36
and 41 Mg ha! year-1 under cover crops (CC) and conservation tillage
(CT) system, respectively, in a 2-year plot experiment. This trend was
further highlighted in the trial prosecution, by the stabilization of the
sod, by the entity of turbid waters runoff (99.8+140.3 m? ha-!, non-
tilled, vs 416.7+1573.8 m3 hal, tilled) and by the quantities of removed
soil (2.01 t ha! vs 267.43 t ha™!) (Toscano et al., 2004).

Supporting these findings, Francia et al. (2006), in a 2-year study in
Andalusia, Spain, measured soil losses of 25.6, 2.1 and 5.7 Mg ha! in
no-tillage, cover crops and conservation tillage systems, respectively. In
Syria, Bruggeman et al. (2005) measured average soil losses of 41.4
and 11.2 Mg ha ! year-1 in olive orchards under CT and CC, respective-
ly, in an area with a slope of 24% for a 4-year period. Moreover, in olive
groves the change from tillage to soil cover management, rapidly
diminishes the rate of erosion (Rodriguez-Lizana et al., 2008; Gomez et
al., 2009). So, if cover crops appear to be the most effective method for
erosion control (Gomez et al., 2003), according to Gémez et al. (2002)
the use of cover crops in strips seems to be the most effective method
to limit runoff in olive orchards; anyway, it is clear the need for alter-
natives to conventional tillage management.

Repeated tillages for weed control are also cause of significant
organic matter (OM) reduction. Toscano et al. (1999) observed that OM
content in cover cropped soils raised up to 122% compared to tilled
ones. The corresponding loss of OM amounted to 140.6 kg ha! in crop
covered soils vs 5037.4 kg ha! in tilled ones (Toscano et al., 2004).
Furthermore, cover crops, contrary to what was assumed by Alvarez et
al. (2007), don’t imply a risk of yield reduction, in fact, several studies
in Andalusia (Pastor, 1990; Castro Nieto, 2004) showed that it may be
possible to have vegetative cover without suffering a loss of production
if adequately controlled.

In Italy, in a 2-year experiment, the olive yield per plant was on aver-
age significantly higher in the permanent cover cropped plot (10.2 kg
plant! ps 6 kg plant-!) (Raglione et al., 1999), while, according to
Toscano et al. (2004), in the same experimental plot, after 5 years it
was averagely 13.59 kg (cover cropped plot) vs 10.73 kg (tilled plot). In
a trial conducted in Italy for a 7-year period in an olive orchard growing
in a semi-arid environment, it was shown that trees managed under
the sustainable model (with spontaneous cover crop) produced almost
constantly every year, with an average yield of 8.4 Mg ha! year! (2001-
2006 period), while plants traditionally managed (with periodic tillage)
showed a lower level of production (3.1 Mg ha! year!) and a strong
yield alternance with little or no production in 2002, 2004 and 2006
(Sofo et al., 2009).

In the olive groves of the plains, the temporary cover crops adoption
with green manure application in late spring, instead, resulted more
effective on the evolution of soil characteristics and on plants produc-
tivity compared to permanent cover crop. The results from four years of
observations with this type of land management showed a larger
increase of OM in the plot with temporary cover cropping (+40%) than
in the one with permanent cover cropping (+ 32%) (Toscano et al.,
2006). Moreover, properly grinded crop and pruning debris should be
left on the soil's surface (Figure 7) to increase the olive groves OM con-
tent (Palese et al., 2009; Neri et al., 2010).

Always along this line the use of compost, deriving from olive prun-
ing and mill residue biomass, can also represent an opportunity to
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recover the organic soil fertility and to dispose wastes in an environ-
mentally friendly manner (Delfine et al., 2009), in fact a recent exper-
imental work on the assessment of the compost’s nutritional and fertil-
izer effectiveness, has described increases up to 62% of OM in com-
posted soils (Toscano et al., 2008).

Olive trees pruning and good vegetative conditions

Pruning is the most common olive tree maintenance procedure to
fulfill several purposes, depending on age and plant’s vegetative stage,
being essential to shape young trees in the first years of implant and
thereafter to check the equilibrium conditions between vegetative and
productive activity. In the diverse Italian realities of the olive sector,
this technique is applied at different times and in ways depending on
the specific objectives of individual growers. From a productive point of
view, pruning should be carried out every year so as to be less intense,
adopting all the most modern methods to make it as quick and econom-
ical as possible. Annual pruning allows regulating at best the balance
between vegetative and reproductive activities and so contributes to
reduce alternate bearing. Anyway biennial or even longer pruning
turns give different results depending on olive variety.

In the north-central Italian regions, pruning takes place in most
cases every year, while longer shifts are generally carried out in south-
ern Italy because of the high costs required from this operation. In fact,
olive trees in the South can reach considerable dimensions given the
optimal conditions for vegetative growth of this species (Figure 8).

Numerous papers, published in Italy and abroad, demonstrate that
productivity and oil yield are not reduced (in some cases even
increased, albeit slightly) after biennial instead of annual pruning.

Figure 7. Mulching the soil with grinded weeds and pruning
de%l::;s. Passage of a mulcher (c) grinding weeds (a) and pruning
debris (b) to increase organic matter content in the soil.

Figure 8. Majestic olive groves in South Italy. Secular (a) and
majestic olive trees require particular and expensive pruning
practices (b).
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According to Pannelli (2006) the evolution of this technique in Central
Italy showed that annual pruning results to be the most rational, posi-
tively influencing the fruiting constancy and requiring overall less
working time. Biennial and triennial cycles have proved attractive to
recover the plants’ productive potential and to reduce costs as less
detailed and specific operations. However, longer intervals (3-4-6
years) between prunings, cause shading and irrational spatial distribu-
tion of the canopy. Additionally the consequent poor lighting condition
causes short and compact outward vegetation and deadwoods in the
inner part of the crown that will result in overall low productivity
(Tombesi et al., 2002). From a two-year monitoring of pruning influ-
ence on nutritional and productive status of ultra centenarian plants
(pruned every 6 years), a significantly higher increase in the number
of nodes in pruned plants was observed compared to non-pruned ones
(average 341.21 vs 134.05). On the contrary, the highest production
was recorded (one year data due to alternate bearing) in non-pruned
plants (147.75 vs 53.65 kg per plant). The lower production was a con-
sequence of pruning intensity that, being practiced every six years, led
to a drastic reduction in fruitful branches (Briccoli Bati et al., 1995).
Morales (2002) reported that in a traditional olive grove, pruning peri-
odicity (every two or four years) effectively affects the spatial canopy
volume achieving +11.62% if performed every two years and +31.21%
with four years cycles. Therefore, the author concludes that olive plant
better maintains its balance with three- and four-year pruning pro-
grams as productions increase.

By contrast, pluriennial pruning cycles, being necessarily more
intense, stimulate the formation of abundant water sprouts and suck-
ers (very vigorous branches arising respectively from the aerial part
and from the foot of the tree), which are indicative of high vegetative
activity and vegeto-productive imbalance. It is fundamental to annually
cut off suckers and water sprouts for assuring a normal vegetative and
productive growth, because they attract most of the nutrients which so
can’t be assimilated by the plant itself (Figure 9). Too deferred pruning
cycles are also negative causing deadwood and wood excesses on the
entire plant, poor ventilation and lighting in the inner part of canopy,
lack of photosynthesis and harvesting difficulties; moreover they make
the plants more susceptible to pests attack (Figure 10). Another aspect
to consider is the destination of the resulting pruning material. In olive
groves, these residues are usually burned on-site. This practice may
cause damages to trees, and multiplies wildfire risk (Rodriguez-Lizana
et al., 2008) and leads to the formation of Polycyclic Aromatic
Hydrocarbons (PAHs) that can be absorbed by fruits and consequently
found in oil because of their high lipophilicity. Pruned material, if
grinded and left in situ, can afford large amounts of organic carbon that
is fixed for a long time in the form of humic substances, increasing the
total soil fertility and strengthening the atmospheric CO, sequestration
capacity of the whole olive grove system. The importance of pruning
debris management has been highlighted also from a green point of
view. In fact, in a 2005 study, Palese et al. (2005) stated that the amount
of CO, fixed in the removed vegetation varies from 0.21 kg plant! to
6.52 kg plant!, equivalent respectively to 0.11and 3.62 Mg ha™!.

Biodiversity in olive grove

The definition of biodiversity should not be restricted solely to the
issue of genetic resources or the conservation of threatened species. As
specified by the Convention on the Biological Diversity and the Pan-
European Biological and Landscape Diversity Strategy, biodiversity is
the variety of life and its processes. It includes all life forms, pathways
and cycles that link living organisms into populations, ecosystems and
landscapes. The new CAP rules, intrinsically linking biodiversity and
agriculture, put the focus on the maintenance of natural habitats such
as hedgerows and forest patches, protecting in the meanwhile flora and
fauna with particular reference to birds.

The biodiversity of a landscape is closely related to the quality of
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Figure 9. Effects of cutting water sprouts on olive trees viﬁetative
growth. Cutting water sprouts every one (a), two (b) or three (¢
years involves a different and unbalanced vegetative and produc-

tive plant growth.
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each habitat, the diversity of habitats, their turnover and the spatial
relationships among them (Firbank, 2008). A complex mosaic of habi-
tats in the agro-ecosystem play an important role along with natural
areas since it hosts many plants and animal species of great interest
for conservation purposes in contrast with modern management of
landscape, generally supporting lower number of plants and animals
(Barbera et al., 2005).

There are numerous mechanisms of biodiversity loss and extinc-
tions, including: habitat loss or fragmentation, deforestation, agricul-
tural practices, pollution, over exploitation, introduction of alien and
invasive species, and climate change (Cincotta et al., 2000; Sala et al.,
2000; Hodgson et al., 2005; Lewis, 2006). Allen et al. (2006), argue that
environmental variables explain about 60% of the species-environment
relationships, the remaining variation in species composition is inter-
preted to be the result of different cultivation practices. So, high fertil-
ization doses, intensity of cultivation, mechanization, integration or
not of livestock production and type of livestock production, short crop
rotations or monoculture combined with chemical plant protection
management, conversion of natural ecosystems to agriculture as well
as the abandonment of farm land, cause depletion of species richness
and diversity (McLaughlin and Mineau, 1995).

Olive groves as well as windbreak olive trees (Lo Verde et al., 2002),
represent a component of great importance to combine biodiversity
conservation with local environmentally sustainable development,
since these systems constitute elements of a mosaic of semi-natural
and cultivated areas spaced out by typical small-scale structural, show
high levels of richness in flora and fauna and play an important role in
the rural developments (Santi et al., 2010). The presence of trees and
scrubland provides an assorted habitat similar to meadows where a
number of insects, birds, reptiles mammals (Gomez-Limon and
Risiego, 2010) and associated annual herbaceous vegetation live more
or less characteristically as a function of the management system
(Paracchini and Britz, 2010). Semi-natural and abandoned vegetation
patches or strips can be an important refuge for a lot of polyphagous
invertebrate predators (Cotes et al., 2009a) or butterflies (Scalercio et
al., 2007). Furthermore the presence of some field boundary types can
provide overwitering refuges for many arthropod species in arable field
system (Thomas et al., 1991). Even stone terraces, decreasing slope
length, diminish surface runoff and favour the infiltration of water, a
high bio-diversity and low pollution rates.

However, the ongoing intensification of olive growing (the planting
density can vary from 250 plants ha™!, traditional extensive, up to 1800
plants ha! in super-intensive groves) irrigation, fertilization, insecti-
cide use and suppression of annual herbaceous vegetation by plough-
ing or herbicide treatments, contributes to soil degradation, water pol-
lution and both the number and the diversity of animal species dimin-
ishment (Gomez-Limon and Risiego, 2010; Duarte et al., 2009; Gomez-
Calero, 2009; Garcia-Brenes, 2007; Guzmén-Alvarez, 2005; Beaufoy and
Pienkowski, 2000). This is why biodiversity is generally higher in semi-
abandoned and/or traditionally managed olive groves; in fact they offer
a wide variety of habitats (e.g. dry-stone walls patches of natural vege-
tation, etc.), providing a niche for reptiles, birds and insects (Fleskens,
2008). These no tillage and pesticide free farming systems allow a rich
flora and a high diversity and density of insects which, together with
the tree’s fruits, provide an abundant supply of food for a variety of bird
species (Rey 2010; Beaufoy, 2001; Parra, 1990). The relationship
between birds and olive trees is of mutual benefit: birds, in fact, repre-
sent the most effective disseminators of this tree that is just called
bird-dispersed (Alcantara and Rey, 2003). 31 bird species have been
located in olive groves (Theodorakakis, 1995; Giourga et al., 1994), both
winter (Debussche and Isenmann, 1985; Suarez and Munoz-Cobo,
1984; Jordano and Herrera, 1981; Niethammer, 1966) and nesting or
migratory ones (Munoz-Cobo, 1990; Finlayson, 1981). This avifauna,
compared to the other agro-systems, is the nearest, in qualitative and
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Figure 10. Unpruned olive trees. Deferred pruning cycles cause
irrational space distribution of the canopy (a) and the formation
of suckers (b) and deadwood (c).
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quantitative terms, to the one found in natural environments (La
Mantia, 2002; Massa and La Mantia, 1997).

Some bird species can nest in the hollow and twisted trunks of age-
old olive trees (LIFE), some others breed or feed in the vegetation
around the bases of trees or between the trees on semi-open ground as
many of these features are lost or modified through this process (Pain,
1994). Many other migratory birds are found in cultivated areas where
they search for food; the robin (Erithacus rubecula), and the starling
(Sturnus vulgaris) are very commonly observed in the olive groves in
winter, whereas white and yellow wagtails are frequently sighted near
animal farms where they search for insects in the manure heaps
(CENT.OLL.MED, 2009).

It’s therefore advisable to maintain or restore patches of shrubs or
hedges within or near the olive orchard to provide nesting sites for typ-
ical birds species of the Mediterranean (Lipu, 2010). The presence of
spontaneous vegetation inside the olive agro-ecosystem represents
also an important reservoir of entomophagous (lannotta et al., 2007a).
In fact, a rich flora supports alternative prey and hosts for natural ene-
mies, providing useful seasonal resources to overcome gaps between
the life cycles of useful entomophagous insect and crops’ phytophagous
accompanied by a lower presence of arthropod pests (Altieri and
Schmidt, 1985; Bugg et al., 1991; Hendricks, 1995; Corrales et al., 2004).
The herbaceous cover could play a valuable role in reducing the impact
of the compounds used in olive growing against arthropods communi-
ties, providing a shield against the direct and prolonged contact with
the active ingredients (Iannotta i 2007b). Besides, cover crops affect
the biocenotic component of agro-ecosystems increasing the porosity
of the soil, and establishing a better telluric air/water rate (Breland,
1995). Therefore it is desirable to maintain the turf, especially in olive
groves treated with pesticides, since it increases the resilience of com-
munities (Iannotta et al., 2007b,c).

In general, soil micro-, meso-and macrofauna have a crucial role in
the degradation of organic matter, and in the mineralization of nutri-
ents, balancing the availability of nutrients (Gobbi, 2009) also they can
act as agents of biological control of the olive pests that spend a period
of their life cycle in the soil (Herrick, 2000) just like ants which are the
most numerous predators observed of the olive fruit fly (Bactrocera
oleae) pupates in less disturbed olive grove floor and, reliably, they can
be a tool in control olive fruit fly. Moreover, they are important environ-
mental quality indicators, capable to react to, even mild, perturbations
(Young et al., 1998; Santos et al., 2007; Latella and Gobbi, 2008).
Recently Parisi et al. (2001; 2005) proposed a new approach (called
QBS index) based on the types of edaphic micro-arthropods to assess
soil biological quality. In general, soil invertebrate-based indices con-
sider the consistency and richness of populations (see van Straalen,
1998; Jacomini et al., 2000), the QBS index is based on micro-arthro-
pod groups present in a soil sample where each of them in the sample
is scored (eco-morphological index, EMI), according to its adaptation to
soil environment. The QBS index sums up these scores, thereby char-
acterizing the micro-arthropod community of the sample. The classifi-
cation of soil fauna into morphologic-functional groups can contribute
to the assessment of impacts of agronomic practises on the biota.
Biological activity and microbial diversity are higher in undisturbed
soils and/or soils managed according to modern techniques of conser-
vative agriculture compared to soils subjected to intensive tillage
(Nsabimana et al., 2004). Kladivko (2001) noted that the most common
species of terrestrial fauna are even the most vulnerable to tillage,
while a minimum mechanical soil disturbance, when combined with
rational management of crop residues, increases the number of popu-
lations of earthworms (Kladivko, 2001; House and Parmelee, 1985).
Soil tillage in the olive grove has a high impact on arthropod walkers
since it involves plant diversity reduction and loss of habitat, ecological
niches, particular micro-climatic conditions and shelter areas from
predators (lannotta et al., 2006). Arthropods are useful indicators in
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assessing the environmental changes caused by pesticides applications
in agricultural environments (lannotta et al., 2007d). An additional
parameter which can provide information on the ecological character-
istics of the ecosystem is the carabid beetles community that responds
by changing its power of dispersion and degree of food specialization
(Pizzolotto et al., 2008). From a global examination of the carabidofau-
na, none of the ecological characteristics studied seem to be influenced
in a decisive manner by synthetic or organic pesticides treatments. A
greater impact is certainly attributable to mechanical soil processing
that changes the community structure reducing it and eliminating the
small differences caused by treatments. A marked increase in diversity
and equidistribution is observed in bio-natural olive groves, where
anthropic impact is almost zero (Antonucci, 2007; Belfiore, 2008). The
most common sampling procedure used to study epiedaphic fauna is by
technique of pitfall trapping. Studies conducted in olive grove with this
methodology in Spain (Morris and Campos, 1999) and Portugal (Santos
et al., 2007) showed that the most abundant epigeic taxa of soil fauna
are Formicidae and Coleoptera. In these studies the presence of other
groups can vary and depends on the localisation of the olive grove, the
management and the surrounding vegetation.

Redolfi et al. (2004) state that the disturbance caused by cultivation
practices affects the density and abundance of ants nests in the soil
under plants and between rows. Ruano et a/. (2004) provided informa-
tion concerning appropriate sampling location (canopy, the soil under
the trees, solarised soil) in olive orchards by means of analysis of
changes of arthropodo-fauna in relation to different management
regimes (organic, integrated and conventional). The highest abun-
dance of arthropods occurred in the integrated management orchard
and the most abundant groups were Formicidae and the species
Euphyllura olivinae (Homoptera: Psyllidae) as a result of less influence
of chemical treatments. The Authors also suggested that in the aerial
part of olive tree, Coleoptera, Diptera, Heteroptera, Lepidoptera and
Thysanoptera communities can be considered as potential biomarkers
of different management practices, especially Coleoptera and
Lepidoptera; whereas Coleoptera are normally reduced by the mechan-
ical soil operations (Wardle, 1995).

In olive groves with different management systems (organic, inte-
grated and conventional) spider abundance was significantly higher on
organic orchards than conventional ones. An intermediate level of dis-
turbance resulting from the integrated conduction increases spiders
diversity, while in conventional cultivations, the dominance of one fam-
ily species is favored (Wardle, 1995; Cardenas et al., 2006).
Nevertheless several authors suggested that ants, carabid and
staphylinid beetles, as well as spiders and Lepidoptera (Redolfi et a/,.
1999; Scalercio, 2006; Cardenas et al., 2006; Belfiore et al., 2006;
Scalercio et al,. 2007; lannotta et al., 2008; Cotes et al., 2009a) or para-
sitoid wasps, specialised aphidophaga among the syrphid flies, coc-
cinellids and Neuroptera (Duelli and Obrist, 2003; Corrales and
Campos, 2004; Cotes et alet al., 2009b) are potentially important natu-
ral pest-control agents. Other possibilities for indicators to be tested
are ratios between herbivores and predators, or parasitoids and a range
of other arthropods (Denys and Tscharntke, 2002). In a study realized
by Sofo and collaborators (2009), the different soil treatments (sustain-
able tillage -ST- vs. conventional tillage -CT-) significantly affected both
total culturable bacteria (fewer numbers in ST), and fungi total num-
ber (lower in CT). Their results showed that soil microorganisms
respond to the sustainable management of the olive grove, with obvi-
ous benefits on fruit quality and oil yield. The sustainable management
displayed a higher microbial diversity and complexity. The study of the
soil microbiota response to different management systems and the
quantitative and qualitative analysis of soil microbial communities
could lead to identify farming practices sustaining and stimulating soil
microorganisms, in order to improve the orchard production and
restore, or at least maintain, soil fertility.
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Conclusions

The study evidenced that a rational olive grove management is the
first step to prevent further soil fertility deterioration. Proper hydraulic-
agricultural techniques, cover cropping, green manuring and OM
increase -by spreading grinded pruning residues and/or by incorporat-
ing organic amendments-, are essential not only to minimize losses
due to soil erosion but also to limit the leaching of nutrients and to
maintain the productivity of plants. These environmentally friendly
land management techniques improve the olive vegeto-productive bal-
ance and contribute, also, to immobilize CO2 in the soil as humic sub-
stances, thus increasing the OM.

The application of the standard 4.3 requires further investigations,
because, while numerous studies have shown that pruning is essential
for the production, there are not enough data on the influence that
practicing this technique at least every five years could have on habi-
tats maintenance and on olive trees vegetative development. In fact,
shorter or longer pruning cycles should be performed depending on cli-
matic characteristics, on achieved productivity and, especially, on fruit-
ing branches growth. In particular, for a sustainable plant manage-
ment, cutting water sprouts and mowing weeds and shrubs should be
performed at least once a year to reduce the risk of fire. In productive
facilities it's a common practice to prune every two or three years and
to cut suckers and watersprouts annually for constantly keeping the
vegeto-productive balance of the plants.

In line with the examined literature this standard seems to be too
generic and should be diversified according to different types of olive
orchards. Unproductive, marginal and abandoned olive groves, require
special attention as they allow landscape and biodiversity preservation,
as contemplated by the priority strategic objectives set out by the
European Union (European Council, Goteborg 2001). Their operating
costs, not offset by the production, require more focused interventions,
even to avoid the always more incumbent abandonment risk. The stan-
dard should, also, specify how to handle the pruning residues for their
importance in the atmospheric CO2 sequestration and soil OM
increase, and provide the annual elimination of weeds and suckers, in
order to prevent the wildfire risk and nutrients competition.

Anyway, this norm appears to be effective if framed in a wider and
more articulated context whose aim is to encourage farmers to intro-
duce or continue the use of agricultural production methods compati-
ble with environment, and genetic diversity protection and improve-
ment.
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