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The olive tree is an evergreen plant with a remarkable water control process under water stress conditions. The

production of olive oil in Portugal and other countries of the Mediterranean region has greatly increased.

Intensification efforts have focused on the growth of the planted area, but also on the increase of the orchards

density and the implementation of irrigation systems. Concerns about possible negative impacts of modern olive

orchard production have arisen, questioning the trade-offs between the production benefits and the environmental

costs. Therefore, it is of great importance to review the research progress made regarding agronomic options that

preserve ecosystem services in high-density irrigated olive orchards. To better understand these technical options,

it is equaly important to define the different types of olive orchards that can be found in olive-growing countries,

such as Portugal, where the olive orchards mosaic includes Traditional (TD: 50–200 trees ha ), Medium-Density

(MD: 201–400 trees ha ), High-Density (HD: 401–1500 trees ha ), and Super-High-Density (SHD: 1501–2500

trees ha ) systems.

soil management  medium-density  super-high-density  olive orchards  high-density

irrigation management  agro-ecology

1. The Traditional Olive Orchards

When traveling in the Mediterranean area, one can often find olive orchards planted in the XIXth century or up to

the mid-XXth century, with fewer than 50 trees ha  to a maximum of 200 trees ha , that are still productive today.

These were sometimes planted on sharp slopes or small and narrow terraces made with stone walls, as can mainly

be observed in the north of Portugal, providing landscapes of great beauty.

In traditional olive orchards (TD), the management of cover crops is conducted by tillage or total herbicide

coverage. Grain crops were traditionally grown within olives as primary sources of farmers’ income. In these

situations, soil erosion can be quite dramatic , and at the same time, the temperature of the soil’s top layer is

quite high in the summer (over 40 °C). Although olive is a well-adapted species to drought conditions, the soil’s

exposure to direct sun and the lack of canopy shade over the tree root zone leads to water and heat stress, and

can induce summer dormancy in the trees .

The farmers use few fertilizers and apply a reduced number of chemical pest and disease treatments in the olive

groves. They are pruned every four years by chain saw, and the pruning residue is generally burned. The alternate
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bearing is very strong, with a sparse yield in the year following pruning . Since these orchards are rainfed, the

biodiversity of species is sometimes low due to the lack of water and cover crops .

Traditionally, the harvest is performed by hand with wood sticks, although nowadays, some growers use portable

backpack shakers with or without nets covering the floor. The net production of these olive ecosystems is less than

3 t ha  of fruits. The quality of the oil produced is often affected by diseases like anthracnose (Colletotrichum sp.)

 or by contamination of the fruit through direct contact with the orchard floor . The overall sustainability of this

traditional olive system is currently compromised due to the lack of workers and the labor price  (Table 1).

Table 1. Systematization of the most common olive orchards’ agricultural systems in the Mediterranean climate

and their features. Traditional (TD), medium-density (MD), high-density (HD), and super-high-density (SHD).
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Type
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Inter-
row ×
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(m)
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Density
(trees
ha )

Productivity
(t ha )

Soil
Conservation

Tree
Architecture Pruning

Irrigation and
Soil

Management
Harvest Common

Cultivars

Traditional
(TD)

8–15
× 6–
15

50–
200

0.5–3

Slopes: 0 to
30%.

Strong
erosion.

Trichotomic
vase

canopy.
Strong

alternate
bearing.

Every 4
years.

Chain saw.
Pruning

residue is
burned. 

Non-
irrigated.

Soil tillage,
inter-row

grain crops.
Herbicides.

Hand
branch

shakers,
with or
without

floor
nets.

Galega,
Verdeal,
Cordovil.

Medium-
density
(MD)

7–8 ×
3.5–6

201–
400

3–6
Slopes: 0 to
15%. Some

erosion.

Trichotomic
vase

canopy.
Alternate
bearing.

Every 2
years.

Chain saw.
Pruning

residue is
burned.

Non-irrigated
or low-

irrigated.
Soil tillage,
herbicides,

or
spontaneous
weed cover,
some used
for animal
pasture.

Trunk
shaker,

floor
nets.
Wrap

around
the tree
collector.

Galega,
Verdeal,
Cordovil,

Cobrançosa,
Picual,

Frantoio

High-
density
(HD)

4–7 ×
1.7–
3.5

401–
1500

6–12

Slopes: 0 to
10%.

Low erosion.

Dichotomic
vase or

hedge row.
Some

alternate
bearing in
orchards
over 20

years old.

Every 1–2
years.

Manual
shears,

electric or air
compressed.
Tractor disc
trimmers.
Pruning

residue is

Drip
irrigation

250–500 mm
year .

Spontaneous
or sowed

cover crops.
Herbicide in
the tree rows

or no
herbicide.

Trunk
shaker

and
wrap

around
the tree
collector,
or over-
the-row.

Cobrançosa,
Picual,

Arbequina,
Frantoio.

Super-
high-

density
(SHD)

3.5–4
× 1–
1.7

1501–
2500

12–22 Arbequina,
Arbosana,
Koroneiki.
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2. The Medium-Density Olive Orchards

The most common olive orchards in the Mediterranean area are those with medium density (MD; 201–400 trees

ha ), which are very likely to be observed in lime soils of the southern parts of Portugal or Spain. They are rainfed

or little irrigated, and the soil is kept weed-free by tillage or by partial (in the rows) or total herbicide application.

Many have spontaneous cover plants, mainly in the interrow, which are used to some extent as grazing lands. In

this case, animal manure provides some nutrient recycling for the ecosystem and complements annual fertilization.

The pruning is carried out in alternate years and is less intense than in traditional orchards. The pruning residue is

often burned.

The sun exposure of the soil is lower due to the improved tree shade, resulting in better development of resident

herbaceous vegetation that increases insect populations, improves biodiversity, and provides more protection

against soil erosion than in the TD systems.

The harvest is carried out by tree shaking using floor nets or wraps around the trees as collecting systems. These

orchards have been upgraded over time by increasing plant density and providing better irrigation. This agricultural

system is undergoing a fast transition to a higher-density system .

3. The High- (HD) and Super-High-Density (SHD) Olive
Orchards

The success of the higher density olive agricultural systems is based on water availability . The olive tree is an

evergreen specie with a remarkable water control process under water stress conditions . Nevertheless, in

a region with 562 mm year  of average rainfall , 250 mm to 500 mm year  of supplemental irrigation water are

the necessary values for the trees to achieve their maximum productivity. This demand is lower when compared to

the 500–800 mm year  required by other perennial species (Figure 1). Under these conditions, higher densities

lead to increased productivity. The HD and SHD olive orchards are planted with 401–2500 trees ha . Plantation is

sometimes conducted in ridges of 1.0 m × 0.5 m (width × height) that are meant to prevent waterlogging and

improve soil temperature in the early spring. These ridges must be made with special care; otherwise, they can

prevent the natural rainfall flow and worsen the waterlogging .
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Figure 1. Biomass productivity by world ecosystems. The Mediterranean rainfall in Alentejo is signaled as well as

the irrigation requirements, calculated as the difference between the ecosystem’s maximum productivity and the

average Alentejo rainfall. (Data from Taiz et al. ). NP—net productivity (kg m  year ), p—precipitation (mm).

Considering soil management, the soil is normally covered with spontaneous or sowed herbaceous vegetation to

minimize soil erosion. The sowed cover species could be Fabaceae sp., like Medicago sativa, Vicia sp. or Trifolium

spp., which are quite important nitrogen recyclers. Every 2–8 t ha  of olive fruits extract 7–28 kg ha  of nitrogen

(N), 2–8 kg ha  of phosphorus (P O ), and 12–48 kg ha  of potassium (K O) . The cover species can provide

an important contribution in the form of N balance in the cases of HD and SHD olive orchards. The spontaneous or

sowed cover crops are also important refuges for beneficial insects or pollinators, which improve the general

biodiversity of HD and SHD orchards . Interrow weed management is usually carried out by

shredding 3 to 5 times a year to keep weeds below 0.5 m in height. The shredding also recycles the pruning

residues left in the topsoil of these orchards. The recycling of pruning residues is a good practice that allows the

reposition of 2.9 kg t  N, 1,1 kg t  P O , and 2.9 kg t  K O , apparently without side effects related to the

improvement of orchard diseases . Nevertheless, soil diseases caused by Verticilium dahliae may occur .

If irrigation lines are directly on the soil surface, they do not allow for weed mowing in the tree lines. Therefore,

weed control in the tree row normally requires herbicide application. This issue should be addressed in the near

future, as the herbicide glyphosate could be banned, and other chemical solutions are currently less economical

.
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One advantage of HD and SHD olive orchards is the soil temperature. Some studies reported that, in the same

location, the temperature of the topsoil in the summer, measured with a FLIR (Forward Looking InfraRed) device,

was about 20 °C lower at the top of the cover grass when compared to bare topsoil .

Finally, HD and SHD olive orchards are more regular in yield but do not show evidence for strong alternate crop

behavior when compared with the other systems. The cultivars in use have less vigor and, therefore, provide more

regular production, at least during the first 20 years of the orchard’s life . The low number of olive cultivars

used in these orchards and its impact on lowering the olive biodiversity is an issue of major concern.

Harvests in HD and SHD olive orchards require tractor trunk shakers with wraps around the tree collectors or over-

the-row self-propelled machines. The latter can harvest up to one hectare per 1 h (12–22 t of fruits). As the fruits

are never in contact with the ground, they are quite suitable for virgin or extra-virgin oil production . In Portugal,

the harvest is restricted to the period from sunrise to sunset in order to prevent involuntary bird losses, since these

animals often use olive trees as refuges overnight .
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