00 olive4
climate

CLIMATE CHANGE MITIGATION THROUGH A SUSTAINABLE SUPPLY
CHAIN FOR THE OLIVE OIL SECTOR

HANDBOOK




Edited by

Primo Proietti and Luca Regni

Acknowledgement

We are grateful to
Hanene Mairech
for her precious support in preparing the present handbook




TABLE OF CONTENTS

1 INTRODUCTION

2 PLANTING 3
2.1 Climate factors 4
2.2 Pedological Factors 11
2.3 Orography and terrain exposure 14
2.4 Cultivar selection 15
2.5 Choice of the plant 19
2.6 Plant density 21
2.7 Socio-economic aspects 24
2.8 Soil preparation 24
2.9 Plantation 32
2.10 Post-installation operations 37
3 SOIL MANAGEMENT 39
3.1 Soil working 39
3.2 Green cover 46
3.3 Temporary autumn-winter green cover 56
4 FERTILIZATION 59
4.1 Type of fertilization 59
4.2 Nutritive elements 64
4.3 Distribution of fertilizers 66
4.4 The organic matter 70
4.5 Fertigation 74
4.6 Leaf fertilization 76
4.7 Fertilization through an integrated method 77
4.8 Fertilization with biological method 78
5 CONTROL OF INSECT PESTS AND DISEASES 80
4.9 Olive fruit fly (Bactrocera oleae) 80

4.10 Olive moth (Prays oleae) 82




4.11  Minor olive pests 84
4.12 The main olive tree diseases 87
5 IRRIGATION 92
5.1 When to irrigate 93
5.2 Regulated deficit irrigation 96
5.3 Irrigation methods and type of irrigation systems 97
5.4 Water quality 101
6 PRUNING 102
6.1 Pruning growing plants 102
6.2 Production pruning 114
6.3 Necessary knowledge to prune properly 115
7 HARVESTING 131
7.1 Olive fruits ripening 133
7.2 Ripening and olive oil quality 135
7.3 Colour index 137
7.4 Fruit detachment force 138
7.5 Fruits drop 138
7.6 Hardness of the pulp 139
7.7 Fruit oil content 140
7.8 Harvesting systems 141
8 TRANSFORMATION 159
8.1 Olive pitting machine 162
8.2 Power factor correction 164
8.3 Photovoltaic system 167
9 BY-PRODUCTS OF OIL CHAIN 175
9.1 Fertilization effect 176
9.2 Olive Mill WasteWater (OMWW) 176
9.3 Pomace 181

10 GUIDELINES FOR THE DATA COLLECTION AIMED TO THE
CERTIFICATION OF THE CARBON CREDITS ORIGINATED FROM THE OLIVE
GROVES 186

10.1  Reduction of the use of fertilizers 186




10.2  Management of pruning material 187
10.3  Green cover 188
10.4 Conservation tillage 189

11 REFERENCES 190




‘O olive4
climate

1 INTRODUCTION

Olives and olive oil are a key sector for the European Union, in particular those States with
Mediterranean coastlines. In Spain, Greece, Italy and Portugal, the main producers of olive oil all
over the word, the olive oil production is a major contributor to the country economies. But the
economic benefits of olive oil production, and of the production of table olives have also a cost due
to the environmental impact of the olive grove management. Olive growing has become more
intensive over the last two or three decades and is using an increasing amount of agricultural land.
Olive growing and olive oil production use considerable volumes of water in countries and the
processes used by the sector lead to significant waste, especially wastewater containing phenols

and soluble salts, and solid waste in the form of an olive paste, containing phenols.

During the last 20 years, EU commission has financed several LIFE projects to analyse and
reduce the impacts of olive grove management. These projects have been as main themes: soil
erosion, water protection, improved irrigation techniques, waste management (wastewater
treatment; waste prevention, recycling and re-use; soil protection; and production of biogas), pest
control, landscape protection, conservation activities, and co-ordination with the Common

Agricultural Policy (CAP) agri-environmental measures.

The LIFE15 project OLIVE4CLIMATE confirms the EU commitment towards more

environmentally-friendly olive oil production.




This manual takes in consideration the main phases of modern olive growing with particular
attention to sustainable management of the crop. The main phases of olive growing, starting from
the planting up to the collection and to the treatment of co-products, are treated proposing an
approach which allows a reduction of environmental impact. In particular, these sustainable good
practices propose reduction of CO2 emissions into the atmosphere and carbon accumulation in
the plant biomass. These actions make the olive tree and therefore olive growing an effective tool

for the climate change mitigation.

The adoption of these virtuous behaviours in the management of the olive grove can be rewarded
with the accounting of carbon credits. These credits (calculated as tons of CO2) can be bought by
companies interested in reducing their environmental impacts on the voluntary market of
ecosystem services. The voluntary carbon credit market sells the produced credits to individuals,
usually from the industrial world, who wish to reduce their environmental impacts. The last chapter
of this manual contains guidelines for collecting the information necessary to account for some of

the good practices proposed by the OLIVE4CLIMATE project.



2 PLANTING

Franco Famiani, Luciana Baldoni, Luca Regni, Primo Proietti

The design of a new olive grove must consider clear objectives:

1 obtaining high and constant productions;

1 environmental sustainability of the orchard;

1 high oil quality standard;

1 reducing as much as possible the management costs.
For these reasons, it is necessary to ensure that the olive trees can grow and fruit at optimal levels
and make possible to apply a high level of mechanization of all crop operations, with reference to
harvesting and pruning, the two most expensive operations for the olive grove.

Figure 1: design of a new olive grove must allow an optimal vegetative-productive activity and a high level of
mechanization

Environmental sustainability will be pursued through limiting the inputs and upgrading the agro-
ecological services of the plantation: anti-erosion actions, carbon sequestration, landscape value,
etc.

The olive tree is a very rustic species and can adapt to unfavourable pedological and climatic
conditions, but it cannot withstand extreme events, such as water stagnation, strong thermal
lowering and fog.

To the great diversity of pedo-climatic conditions in which the crop can settle corresponds a very
high number of cultivars, each of them well adapted to its territory of origin.



To evaluate the environmental suitability of an area for the establishment of an olive grove and to

drive the choice of best cultivars and the type of orchard, the following factors must be considered.
2.1 Climate factors

The environmental suitability of an area for the settlement of the olive growing can be assessed
based on the historical and precise series (at least 30 years) of local climate data (temperatures,
rainfall, wind, fog, etc.), the physical and chemical soil analysis and exposure. A useful indication
can be provided by the vegetative and productive state of olive groves eventually present near the
plantation site.

For the evaluation of the climatic factors, the following parameters must be taken into
consideration.

Winter temperatures - They must be considered considering that, to avoid damages to plants,

should not fall below -6 -7°C (temperatures that may damage the leaves), especially if such low
temperatures should remain for a few days. Where temperatures fall frequently below -14 -15°C
(more than once every 10-15 years), even if for a limited period, the planting of the olive grove is
not recommended, because such temperatures could seriously damage the whole aerial part of
the tree. The concomitance of snow, fog or wind can aggravate the effects of frost.
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Figure 2: damage from low winter temperatures on adult plants and young ones

On the other hand, it should be considered that winter periods with temperature values between O
and +7°C are necessary for optimal differentiation of flower buds and, therefore, to obtain
abundant bloom. In addition, low winter temperatures may help to significantly reduce the
populations of some parasites and pathogens of the olive tree (fungi, olive fly, black scale, olive
moth, etc.).



00 olive4
climate

The cold requirement necessary for flower differentiation can vary considerably among the
different cultivars, going from 50-60 hours at temperatures below +4°C for most varieties, up to
over 1,000 hours in specific cases.

An area can be considered suitable for olive production if the risks of late (April-May) and/or early
(autumn) frosts are null or very limited (no more than one frost every 10-15 years). In areas where
there is a risk for autumn frosts, it is preferable to complete harvesting early, to minimize fruit frost
damages, which could cause a serious sensorial defect to the oil ("freezed").

Figure 3: moraiolo olives damaged by an early frost

Spring frosts could damage young vegetation, causing small lesions that may favour the
settlement of the olive knot disease (Pseudomonas savastonoi).

In the northern olive-growing areas, the hilly areas between 150-200 and 450-500 m above sea
level show lower cold risks compared to those in the plain or in the mountain.

In areas where winter temperatures can reach critical levels for the species, the proximity of large
masses of water (lakes and seas) can play a positive role in thermal mitigation.



Summer and autumn temperatures - The content of oleic acid and other unsaturated fatty acids is
linked to summer and autumn temperatures, because they can cause the increase of saturated
fatty acids (palmitic and stearic), with reduction of mono- and poly-unsaturated fatty acids. Oils
produced in cold environments are richer in unsaturated fatty acids, whose biological reason may
be related to their greater energy power, which would give greater resistance to low temperatures
to cells. In areas with relatively cold climates, the total oil phenol content also tends to be higher.
The high content of oleic acid and phenols confers added value to the oil.

Minimum temperatures should not fall below 10°C from flower bud sprouting to flowering, 15°C
during flowering, 20°C from fruit setting to fruit veraison, 5°C along fruit ripening and during the
period of harvesting.

During the vegetative season, the optimal temperatures to favour plant photosynthesis, at the
base of the vegetative and productive activity, are around 25°C.

The olive tree can withstand particularly high temperatures (up to over 40-45°C) but, if they are
prolonged over time, the vegetative activity could be strongly limited, especially if they are
associated at low water availability, because foliar transpiration can be reduced with a raising of
leaf temperature. Where solar radiation and summer temperatures reach very high values, it would
be preferable to adopt tree shapes (e.g. globe) that may help avoiding exposure of the branches to
direct sunlight, to avoid harmful burns of the wood.

The protection from excessive sunlight by whitening trunk and branches with lime-based products
are too expensive and should be avoided.

Rainfall - The following limits could be established for the rainfall (figure 4):

1 With rainfall above 700 mm/year, the olive tree generally has an adequate vegetative-
productive activity in dry cultivation, however, irrigation can be useful for particularly hot and
dry periods during the vegetative season;

1 With rainfall between 500 and 700 mm/year, good levels of tree growth and production can
still be achieved in dry cultivation, but irrigation can lead to significant improvements for
plant development and fruiting;

1 With rainfall below 400-500 mm year, irrigation becomes a very important practice, as it
determines very high increases in vegetative growth and production. Alternatively, a series
of measures can be implemented to reduce plant water stress (careful control of weeds, low

plant density, adequate intensity of pruning, etc.).
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Figure 4: managing irrigation

Distribution of precipitations - In dry farming, the distribution of rainfall during the vegetative-

productive season should allow to avoid periods without rains of more than 40-45 days. Fruits, in
fact, have lower force than leaves in attracting the water available in the plant and therefore, in
conditions of water shortage, they can easily shrivel. The wilting is reversible and, when the water

availability returns to increase, fruits can recover their turgidity.

Figure 5: water stress effect



But prolonged and/or repeated water stress may bring to considerable negative effects, as it slows
fruit growth and reduces oil accumulation. The prolonged water stress during fruit ripening and oil

synthesis can induce the onset of a sensorial defect in the oil ("dry-wood").

Relative_humidity - The high air humidity, more frequent in the valley bottoms (as fog), near lakes

and in coastal areas, favouring the pest attacks, may determine unfavourable conditions to the
olive tree. In sites characterized by high humidity, it is necessary to choose cultivars with good

tolerance to potential pests.

Figure 6: avoid areas with recurrent mists

Windiness - Another factor that must be taken into account is the windiness:
i impetuous winds can break shoots and branches and drop flowers and fruits;
1 marine winds, transporting salt, can exert a caustic action on leaves and young shoots;
1 northern winds can cause sudden temperature drops, while hot winds can cause burns in
apical leaves and damage flowers and fruits;

1 wind can also interfere with plant disease and herbicides treatments (drift effect).



Wind damages can be avoided in windy areas using living windbreaks (with cypresses,

eucalyptus, etc.), or by mechanical barriers constituted by robust nets anchored to iron, wood or
concrete piles.

Figure 7: Eucalyptus windbreak
They should be planted at a distance from each other not higher than 5 m, depending on the
height of the curtain and the expected intensity of the winds. They provide protection for a distance
corresponding to 8-10 times the height of the windbreak. The density of the windbreak net should
be 50-60%, to avoid creating turbulence downstream of the shelter. Nets with greater density (60-
70%) can protect trees also from saltiness.

Hail - Hail is always harmful, but it can cause the greatest damages during the phases of flowering
and fruit growing and ripening. Hail does not only produce direct damages, breaking the
inflorescences and the shoots, injuring the branches and the fruits, but also indirect damages
because, through the wood wounds, it favours the penetration of bacterial infections, such as the
olive knot disease. Moreover, through the lesions of the fruit peel, the microflora present on the
drupe waxy layer can initiate chemical reactions responsible for various alterations, such as

increasing the oil acidity or the formation of unpleasant substances, etc. Immediately after a
9



hailstorm, it is therefore advisable to carry out pathogen treatments, especially with conditions

favourable to the development of the olive knot disease.

Figure 8: knot attack in Moraiolo as a result of hail

Snow - The snow itself does not represent a serious problem to the olive tree, but if it is too
abundant, it can cause the break of branches, especially if the foliage is quite thick and the main

branches have a wide insertion angle on the trunk.
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Figure 9: generally, snow does not cause damage
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2.2 Pedological Factors

To evaluate the soil characteristics of the land for the olive planting, it is necessary to examine its
profile and perform chemical-physical analyses.
For the solil profile examination, it is necessary to dig a trench (or more than one if the ground is
not uniform or the surface is very wide) of at least 1 m depth, in order to evaluate the useful soll,
the texture variations, the presence of stones, rocky or salty or calcareous layers, groundwater
level, etc.
Soil samples should be collected after 2-3 days of dry weather from the excavation. For the
evaluation, it must be considered that plants will need a volume of soil not limiting root growth, that
will guarantee the anchoring of plants and that will provide adequate availability of water and
nutrients. Generally, in the soil it is possible to distinguish:

1 an active layer, represented by the most superficial part, characterized by softness, porosity

and containing nutritive elements, organic substance and aerobic microorganisms,
1 an inert layer, represented by the subsoil, characterized by a greater compactness and

lower porosity, permeability, etc.

Cultivation layer - It represents the distance between the surface of the soil and the layer of soll

representing an obstacle to root growth; the layer can also be limited by a superficial groundwater
layer, which can rise due to heavy rains.

Physico-chemical characteristics of the soil - Through the physical-chemical analysis of the soil it

is possible to obtain useful indications on texture or granulometry, pH, organic matter content,
cation exchange capacity (CEC), total and active limestone, content in nutrient elements, salinity,
sodium, etc.
The olive tree prefers:

1 medium mixture (35-50% of sand, 25-45% of silt, 20-25% of clay), frank-clay, frank-loamy

and frank-silt-clay soils;

1 deep, fertile, fresh, well drained cultivation layer, with a pH between 6.8 and 7.5.
However, the olive tree has a wide adaptability to different soils, being able to grow and produce
even in soils rich in skeleton or limestone (up to 50-60% of total limestone), rocky, poor and dry,
with extreme pH up to 5.5 or 8.5, relatively saline and/or sodic.
Even on loose (sandy) soils, the olive tree can grow and produce well, but only with a good
availability of water and an adequate supply of nutrients. Problems could occur on very clay soils
(clay > 40-45%), in plain soil, due to problems of water stagnation, to which the olive tree is very
sensitive.

11
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Figure 10: olive tree is very sensitive to water stagnation

The modification/correction of the soil texture, in general, is not economically sustainable. Where
other optimal cultivation conditions exist, it could be the case to remove or grind the coarser
stones or to mix layers of soil with different textures to obtain a better final composition suitable for
the cultivation of the olive tree.

= S S
Figure 11: soil rich in skeleton

12



Soil depth - The useful depth should not be lower than 80 cm, considering that most of the roots of
the olive tree develop in the first 70 cm of soil thickness. Adjustments of soil depth are only viable
when a deep tillage can remove compact layers or when, with the creation of a drainage system, it
will be possible to lower the water level in the soil.

Soil acidity - The first symptoms of toxicity due to excess soil acidity occur around pH 5.5, due to a
high release in the soil solution of ions such as aluminium and manganese and for the
immobilization of other nutrients (calcium, magnesium, potassium, phosphorus, molybdenum,
boron, copper). Conversely, when the pH rises to values higher than 8.5, in the presence of a high
content in active limestone, there may be problems with ferric chlorosis. As far as the pH is
concerned, corrective measures can be implemented but their application must be evaluated very
carefully. The pH of acid soils can be increased by adding lime or slaked lime or carbonates, such
as dolomite and calcium and magnesium carbonate. In general, corrective interventions must be
repeated every 2-3 years in sandy soils and every 5-10 years in clay soils. The pH of alkaline soils
can be lowered by adding calcium sulphate. In case of too high pH due to excess of limestone, it is
advisable to choose cultivars resistant to ferric chlorosis.

Salinity of soils and waters - The olive tree is one of the most salt resistant tree species. Salinity

refers to the concentration of dissolved salts in the circulating solution of the soil, which is
measured as a specific electrical conductivity of the soil saturated extract expressed in dS/m: we
can estimate a production reduction of about 10% if the electrical conductivity assumes values
around 4 dS/m, about 25% with values around 5 dS/m and 50% and over with values around 8
dS/m. It should be considered that the different olive cultivars show substantial differences in
terms of tolerance to salinity (e.g. cv. Frantoio is considered tolerant, Coratina, Carolea, Maurino
and Moraiolo as medium tolerant and Leccino as susceptible).

The olive tree is also one of the most resistant species to sodic soils (expressed by the percentage
of exchangeable sodium: PES), showing problems only when the PES reaches values of 20-40.

The olive tree has is more resistant to soil chlorides than most of the fruit tree species, in fact, it
tolerates concentrations in the chloride saturated extract up to 10-15 meg/l, showing, under these
conditions, a limited production reduction.

Excess of salt, sodium, boron or chlorides may depend on the use of irrigation water rich in such
compounds. In case of strong accumulation of these elements, it is possible to intervene with
abundant irrigations with good quality water that will bring the excess elements deep; this practice
requires a large amount of water and is effective when the soil has good drainage power.
However, the correction of sodium soils is rather difficult.

13



Soil and irrigation water pathogens - The presence of pathogenic fungi in the soil or in irrigation

water, such as Verticillium dahliae or Armillaria mellea, very harmful for the olive, should be
ascertained. As far as the Verticillium is concerned, it is not recommended to make a new olive
plantation on a land where there were olive trees previously attacked by such pathogens or if the
land was cultivated with species subject to this pathogen (such as solanaceous plants,
cucurbitaceae, strawberry, etc.). Eventually, it is recommended to leave the land uncultivated or
cultivated with grasses for a few years before establishing the new olive grove. Even in case of
previous presence of tree plants with root rot caused by Armillaria mellea, it is opportune to
postpone the plantation for some years, in the meantime cultivating herbaceous species.

In any case, when preparing the soil for the new plantation, to reduce phyto-sanitary risks, it is
very important to remove as much as possible stump and root residues.

2.3 Orography and terrain exposure

The olive tree can be cultivated on flat, hilly or terraced land, the only limitation is the exposure
and the possibility of access of the working machines.

In the case of land in the hills, for a convenient use of the operating machines, the slope should
not exceed 15-20%.

Figure 12: at high latitudes, the hilly areas are the best to grow the olive tree thanks to the milder
temperatures and lower atmospheric humidity
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The olive tree prefers the coastal and sub-coastal areas, well airy and dry, but it grows and
produces well also in the internal areas, of medium and high hills, preferably with slopes facing
south, south-west or west, where the winter temperatures are less rigid than on the plain or on the
mountain, and the risk of late frosts is reduced, and the brightness is high.

Plantation in the flat internal areas, with high air humidity and presence of persistent fogs, is not
recommended.

Exposure to the east and south-east, due to the high excursion between day and night, can pose
some risks in cold areas.

Exposure to the north is often unsuitable due to the strong reduction in light availability, low
thermal levels and the increased risk of diseases.

2.4 Cultivar selection

The choice of cultivars to be used for the new plantation is strategic for obtaining good results and,
therefore, it requires high attention. In case of error, in fact, there would be negative effects on the
production and management of the olive grove for the entire duration of the grove.
The choice of the cultivar/s is functional to the type of olive grove:
1 Plantation for the production of high quality, or typical, regional oils, or at low environmental
impact;
1 Intensive or super-intensive plantations aimed at increasing and providing the integral or
semi-integral mechanization of cultivation operations (harvesting and pruning), for the
production of standard oils.

2.4.1 General characteristics of the cultivars

The general characteristics of cultivars to take into consideration in all cases are the following:

1 extent and level of fruit production and oil yield;

i tolerance to pedo-climatic constraints (frost, drought, salinity, etc.) and resistance to
pathogens (Verticillium, peacock eye, olive knot, Xylella, etc.) and to insects (olive fly, black
scale, etc.) endemic in the considered area,;

1 self- and inter-compatibility. In fact, most of the cultivars are self-incompatible and not
compatible with many other cultivars, so, the inter-compatibility of the selected cultivars
must be known. This requires the use of at least two inter-compatible cultivars in the same
plot, but in general, it is advisable to use a higher number of cultivars (3 or 4), to avoid that
the lack of flowering of a cultivar, and therefore the absence of fertile pollen, may reduce
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fertilization of flowers of the other cultivar, and to take into account possible displacements
in the flowering time among different cultivars.

Oil characteristics, with specific reference to the fatty acid composition. In fact, in certain
cultivation environments (when temperatures remain high along fruit ripening), some
varieties may give an oil with a low percentage of oleic acid (< 70%); under these conditions
it is very important to carefully select those cultivars able to guarantee the normal
unsaturated/saturated fatty acids balance, as well as a high content in antioxidant
substances (especially phenolic substances and tocopherols), and a good sensorial profile.
Fruit pulp firmness and pigmentation, since the olives with high pulp hardness and limited or
late pigmentation, in general, exhibit greater resistance to mechanical damage during

harvesting and/or transport and/or possible preservation, which can cause alterations in the
oil quality (increase of acidity and oxidation).
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Figure 13: fruit branches of the Arbequina and Maurino cultivars, both characterized by a low vigor

For the realization of intensive plantations, the following criteria must be followed to select the
most suitable cultivars:

fitness to the mechanization of cultivation operations, with specific reference to harvesting.

i1 For optimal use of trunk vibrators for harvesting, cultivars with medium or high fruit weight

(> 2.0 g) are required, with an almost contemporary ripening, to avoid the non-detachment
of immature fruits, and medium resistance to fruit detachment.

When using pneumatic or electric facilitators (combs, lashes, shakers, etc.), medium or low
vigour varieties should be considered, otherwise it may be difficult to contain their height
within the limits of 4.0-4.5 m, which makes efficient the use of such equipment. When using
multiple cultivars, it may be useful to choose them with different maturation time, to harvest
each of them at its optimal moment.
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1 The vigor of varieties, as well as their vegetative habitus (erect, expanded, weeping, etc.),
other than influencing the harvesting systems, is also important for the choice of planting
distances and canopy shape. Furthermore, it should be kept in mind that, in general, less
vigorous genotypes have greater production efficiency and are more early bearing than the
more vigorous ones.

If the goal is to obtain premium oils, that have particular compositional, sensory and/or health
characteristics (e.g. high content in specific compounds), it will be necessary:

i to choose cultivars able to supply this type of product, also by considering the production of
mono-varietal oils. To this end, an important role can be played by the so-called "minor"
varieties, as they are characterized by an adaptation to specific areas with limited diffusion,
which often produce oil characterized by peculiar and interesting compositional and
sensorial characteristics, with a high degree of typicality.

If the objective is the production of typical oils, such as specific brands or those under protection
(Denomination of Controlled Origin, PDO or Protected Geographical Indication, PGI), for the
choice of the varieties it will be necessary:

1 to refer to the rules set out in the relative production regulations, defining cultivars to be
used and corresponding percentages for each of them. If the new olive grove is an
extension, the choice must consider the varieties already cultivated in the farm, so that the
final proportions will remain in line with the specified regulations.

Considering that it will be difficult to find cultivars that meet all requirements, priorities must be
established. For each pre-selected cultivar with the above criteria, it must be considered that
almost all cultivars have a very restricted geographical distribution, therefore to each area only
correspond some local varieties, which show a perfect balance with the pedological,
environmental and agronomic conditions of the area. So, the first varieties to be taken into
consideration must certainly include those of the area where the olive grove will be established. In
case local varieties do not correspond to the needs of the new plantation (too vigorous, not very
productive, oil quality not meeting the objectives, etc.), varieties with a wider diffusion or suitable
for intensive cultivation systems should be considered, for which agronomic behaviour is already
known in a wide spectrum of environments.

If the olive grove is conducted according to the integrated or biological production method,
particular importance must be given to the resistance to biotic and biotic adversities. Among these,
the low susceptibility to fly attack is an aspect of fundamental importance, especially in the case of
organic cultivation. In this regard, it must be considered that resistance to the attack of this pest is

higher for small-fruited varieties, while the early-ripening varieties with penetration-resistant
17



epicarp can more easily escape late attacks. In cultivations conducted with biological methods, the
presence of cultivars ripening in different periods or with small and big fruits is not recommended,
as this would favour the succession of several fly generations.

More generally, when a new olive orchard has to be built in an area characterized by a high
presence of a specific pathogen or parasite, the resistance of the cultivars to such adversity
becomes the main factor to keep in mind. Often, varieties with particular characteristics of
resistance can be found among those less common in the area, thanks to the strong and specific
adaptation to that environment.

2.4.2 Choice of pollinators

When the cultivar of choice is self-incompatible, particular attention must be given to the choice of
pollinators. Please, be aware that it has been recently demonstrated that there are two groups of
inter-compatibility and cultivars belonging to one group are inter-incompatible and compatible to
those of the other group and vice versa, so, it is necessary to know to what group belong the main
varieties in order to select the best cultivars to work as pollinators.

If the most effective pollinators for that cultivar are known, the choice must focus on these,
otherwise, cultivars usually associated with the reference one should be considered.

Pollinating cultivars also must have high flowering and abundant pollen production, with a
flowering time as much as possible coinciding with the cultivar to be pollinated.

In general, even self-compatible cultivars benefit from cross-pollination and, therefore,
intercropping with pollinating cultivars is recommended.

2.4.3 Choice of a cultivar spread in an environment different from that in which the new
olive grove is to be built

If you intend to use a cultivar previously widespread in another environment, you should evaluate
its vegetative and productive response in the new environment, also in terms of sensitivity to
adversity and product quality. In general, the greatest problems can occur when a cultivar is
moved from north-south or south-north. In the first case, due to the possibility of failure to meet the
needs of cold for flowering, or for the shift of the flowering period, or for variations in the fatty acids
composition. In the second case the cultivars may show problems of susceptibility to low
temperatures. Therefore, before introducing a variety in an environment with climatic
characteristics different from the original ones, it is advisable to carry out preliminary experiments
to verify their response.

18



2.5 Choice of the plant

Plants available on the market may have been propagated by different systems:

A Grafted plants: they are generally grafted onto frank Lo
rootstocks (seedlings) because t for the olive are not yet
available rootstocks able to confer particular advantages.
However, grafting finds useful application for those
varieties with low rooting capacity by cuttings. Grafted
plants are generally put on the market one year after
grafting. In conditions of water scarcity, they can perform
better thanks to the initially deeper root system, but after a
few years the root system will be the same as self-rooted
plants.

A Cutting plants: they derive from the rooting of shoot

portions. Rooted cuttings are then grown in pots and can
be ready for planting after one year from rooting. Self-
rooted plants are uniform, with a rapid entry into production
and the cost is generally lower than the grafted ones.
Furthermore, in case of need to raise the plants from the
base (for example following cold damages), it is not
necessary to re-graft.

A Micro-propagated plants: It is preferable to use in vitro 8
propagated plants only in the case of purchase on the
international market, because micro-propagated plants are
more controlled under the phyto-sanitary point of view,
thus reducing the risk of transmission of viral, bacterial or

fungal diseases.

Figure 15: self-rooted plants

Regardless of the system they were propagated, the best plants are those of 1.0-1.5 years age (in
the case of grafted plants we mean from the moment of grafting), with a minimum height higher
than 80-100 cm, grown in pots (volume about 4 [), with a well-developed root system.

It is preferable to buy plants with a single stem, eventually branched laterally with short shoots or
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with some buds in the apical portion. Plants correctly prepared in the nursery can be raised in the

field with any training form.

Smaller or larger plants can also be used, but over 2-2.5 years are not recommended. For small
plants we must pay particular attention to the control of weeds along the row and to training
pruning. For large plants, there is the major risk of a transplant crisis, especially if the plants were
raised in too small pots, where the root system did not develop correctly.

ML LA e o Py S

Figure 16: grafted plant of 1 year and self-rooted plant of 2 years

In the European Union, plants must comply with the requirements imposed by the Community
rules and, therefore, be accompanied by the Plant Passport and the marketing document with the
indication "EC Quality", which requires the absence of the main parasites and varietal compliance.
Having the possibility to choose, it is advisable to purchase certified plants from phyto-sanitary and
genetic point of view, according to the National Voluntary Certification Service of plant propagation
material (D.M. 16/6/1993), which guarantees a superior quality to the "EC Quality".

In case of organic olive grove, plants must come from nurseries that adopt the organic production
method.
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Figure 17: certified virus-free olive plant

2.6 Plant density

The planting distance among trees must be established according to the final size that plants will
reach in the adult phase, depending on the vigor of the cultivars, the soil fertility, the climatic
conditions, the adopted training system and the applied cultivation techniques, with particular
reference to irrigation. The need to implement mechanization of cultivation practices, with
particular regard to harvesting, will indirectly influence the choice of distances between rows and
plants along the rows. At full growth, the tree canopies must remain well-lit and airy and, therefore,
plant distances and distribution must be defined in such a way as to avoid mutual shading
between neighbouring plants.

For the olive tree, unlike other fruit species, rootstocks able to induce a reduction of plant vigor
have not yet been selected and very few cultivars are characterized by low vigor, therefore, except
for super-intensive plantations, planting distances are usually relatively high.

The growth rates of plants are quite slow and, therefore, time needed to reach full development is
relatively long (8-10 years). Therefore, in the first few years after plantation plants are quite distant
and there is no optimal use of the available light energy. On the other hand, high plant densities
may allow an initial better interception of solar radiation and therefore a higher production per
hectare but, after a few years they may determine an excessive competition among plants,
especially for light, with consequent production problems and the need to perform periodical

drastic pruning to contain canopy width and height.
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Figure 18: distance between plants in organic olive growing must be relatively large

In most situations detectable in Italy, the best results are obtained with a number of plants per
hectare between 200 and 400: the highest densities are applied for relatively low-vigor cultivars, in
favourable environments or in the presence of irrigation, vice versa, lower densities are used for
more vigorous cultivars, in less favourable environments or when irrigation is not available, in
order to exploit as much as possible the available environmental resources. At equal conditions,
the monocone training system, due to the smaller lateral expansion of the canopy, may allow to
use relatively smaller planting distances.

The most used plant densities are the following:

1 Square, from 5x5 m to 7x7 m. It allows a uniform illumination of the crowns and the
possibility of longitudinal and transversal movement of operating machines.

1 Rectangle, with plant distances ranging from 6 to 8 m between rows and from 4 to 7 m
along the row. A greater distance between rows can facilitate the transit of the mechanical
means in the inter-rows. In general, the rectangular distribution is to be preferred with low-
vigor cultivars, with upright vegetative habitus and with the monocone training, while the
square one is more suitable for vigorous cultivars, with expanded habitus and with a vase
or globe training form.
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In the case of particularly vigorous varieties or in arid environments, characterized by limited water
availabi | i t y00mmégeamitaoutlirrigaion} tiednumber of plants should be reduced
to 100-150 plants/ha, with a square plant distribution at 8x8 or 10x10 m. In fact, by reducing the
number of trees per unit area, the amount of soil available for each plant increases, as well as
water and nutrient reserves.

To optimize the use of energy available during the initial development phase, the olive plant
density may be increased by doubling the plants along the rows (e.g. 3 m instead of 6 m distance),
then removing the plants in excess at the time of the appearance of competition phenomena.
However, the advantages derived from this dynamic density, corresponding to a production
increase in the first years of planting, can be cancelled by the initial double cost to buy the plants
and the costs of thinning, which must be done when first shading problems between contiguous
plants will appear, usually 10-12 years after planting.

For what concerns plant density referred to the mechanical agriculture operations (in particular
harvesting) it should be considered that, for a smooth movement of trunk vibrators, it is necessary
to have distances between rows of at least 5m and along the rows, in the case of use of
intercepting frames such as inverted umbrella, spaces of at least 1-1.5 m between canopies, in
order to avoid obstacles to the opening of the frames itself.

In olive groves cultivated according to the biological method it is preferable to have planting
distances greater than 0.5 m than conventional olive groves, in order to allow better lighting and
ventilation of the foliar system, thus counteracting the development of pathogens and parasites.

2.6.1 Density and distribution of pollinators

Pollinators, necessary for self-incompatible cultivars, which represent most of olive cultivars, can
represent the 10-15% of total trees and should be evenly distributed within the plantation, or
arranged on rows alterning those of the main cultivars. In this last case it is advisable do not go
below 15-20% (1 row every 5-6).

If the plot is located in an area with prevailing winds during the flowering period, pollinators should
be placed in such a way as to be well invested by the wind itself and thus ensure the best
distribution of the pollen.

If the new orchard is built in an area where there are other olive groves, these can also contribute
to the pollination of the new one.
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2.7 Socio-economic aspects

To assess the suitability of the planting site to grow olives, it is also necessary to consider the
presence of the necessary infrastructures for the cultivation, harvesting and oil extraction, such as:
A the pr esenc eneightfouringi ated, saking mto achoent the need to reduce the
time from fruit harvesting to the milling, especially in areas with relatively high temperatures
during harvesting (unless there are cooling systems for the fruits);
A the availability of skilled workers, abl
grove, with particular reference to the more complex ones, such as the pruning;

e

A the presence of suitabl e t ec hni cadnitarya alesti st

services, and those for the promotion of products and territory.

2.8 Soil preparation
2.8.1 Soil cleaning, surface arrangement and drainage

First, it is necessary to make sure that there are no hydrogeological and landscape restrictions to
be respected and, if any, it will be necessary to request all authorizations from competent
authorities (e.g. for soil movements that may change the hill skyline).

The soil must be cleared by any previous plant crop remains, taking care not to leave residues.
Scrapers, mechanical shovels or excavators must be used for this purpose, also in case of
replanting, after grubbing up the old olive grove and removing stumps and large roots, as the olive
tree does not suffer for tiredness of the soil. Replanting is discouraged when there are outbreaks
of Armillaria or Verticillium, as previously reported.

In lands with numerous shrubs, special horizontal-hedge trimmers can be used that cut and chop
vegetation that can be used to enrich the soil with organic matter.

If stones of a certain size are present in the plot, it is necessary to proceed with the stone
clearance. In the presence of not very large stones, it is also possible to use crushing machines
that break them, but the economic convenience of this operation must be evaluated.

If the surface of the soil is irregular, it is advisable to level it, using high-powered scrapers or
mechanical shovels, eliminating depressions and bumps, in order to facilitate the movement of the
machines and avoid any standing water that, in addition to creating problems of root asphyxia,
may favour attacks by agents of collar rot and Verticillium.
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If for the soil surface modelling it will be necessary to carry out excavations that go beyond the
active surface layer of the ground, to avoid bringing shallow fertile layers to the surface, it would
be advisable to laterally accumulate the surface layer, then redistribute it on the surface once the
operation of excavation is completed. This operation allows the maintenance of the most fertile
layers of the soil close to the surface, where most of the roots develop, resulting in better and
more regular growth of the plants. If the intervention is not practicable because it is excessively
expensive, it is necessary to perform at least an abundant organic fertilization in the area where a
deep sterile soil has been brought to the surface. In hilly areas, the excavation and carryover
operations must be carried out avoiding worsening the stability of the slopes. To this end, it is
important to ensure good cohesion between the land on site and the one reported, scarifying the
soil and then progressively adding 30-40 cm thick soil layers, eventually pounding the ground with
the passage of mechanical means.

The olive tree is particularly sensitive to water stagnation, also because it may favour fungal
attacks (root rots). For this reason, good drainage of surface water must be guaranteed. In flat
areas, in case of risk of water stagnation (e.g. poor permeability of clay soils and/or presence of
high water layer and/or the occurrence of intense and long-lasting rains and/or where water flows
with difficulty due to a poor slope), it is necessary to build a sewerage or drainage system
(underground drainage pipes), which must guarantee a cultivation layer of at least 50-60 cm.

Drainage is generally made of polyethylene or corrugated and perforated PVC, placed with special
machines at a depth of 1-1.5 m, 5-10 m apart in clay soils and 20-25 m in relatively loose soil. The
sl ope of drains must not be | ower than 3 a a
collected water. In order to prevent the occlusion of drain holes, it is preferable to use tubes
coated with synthetic fiber or coconut fiber.

In case of clay soils or where deep stagnations are envisaged, with risk of landslide, drainage
installation may be useful. Eventually, it will be realized where the water tends to accumulate.

The sinking is effective in eliminating water in all situations that determine stagnation, while
drainage may not be sufficient in soils with particularly low permeability (e.g. very clay soil), in fact,
in this situation the flow of water towards the drains would be very slow, making them poorly
effective. In the most difficult conditions, the distance between the ditches should not be greater
than 20 m, while in rather permeable soils it can reach up to 35-40 m. Drains must pour the water
in natural drains, such as ditches, rivers, lakes, etc., or in artificial ditches (foragers or collectors).
Main drawbacks of sinking are the reduction of the productive tare, the need for frequent
maintenance and the obstacle to the circulation of vehicles.
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In hill areas, up to slopes of 5-10%, to reduce surface runoff and encourage the accumulation of
water reserves in the soll, it is appropriate to arrange the rows transversely to the slope and,
therefore, the operations related to soil management will be carried out crosswise.

Figure 19: olive grove terraced with stone walls

With higher slopes, rows must be arranged in the direction of the maximum slope (along which the
cultivation operations will then carried out). In this case, the length of rows should not exceed 100-
150 m if the slope is between 10 and 20%, and 50-100 m if it is greater than 20%.

When the slope of the land exceeds 10%, especially if the plot is long, it is useful to trace some
temporary ditches according to the level curves, at a variable distance from 30 to 70-80 m,
depending on the slope and the soil permeability. Ditches must have a depth of at least 15-20 cm,
a slope ranging from 1% to 2.5% and a length not exceeding 200 m. These ditches must be
constantly restored over the years, when managing the soil surface. In case of grass cover, it is
not necessary to realize the aforementioned ditches. Water must be removed from the ditches by
means of natural or artificial drains that convey the waters to the valley, preferably consolidated by
green cover, laying stones or cement slabs in the bottom, etc.

In case of excessive length of the plot in the direction of the slope, it is advisable to reduce it by
making transverse ducks.

In the case of confluence of surface water from above ground, it is advisable to build a guard ditch
upstream of the plot, at least 50-70 cm deep, which collects the waters of the upstream slope and
convoys them in the main hydraulic network.
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