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1. Summary
Preparatory actions will provide information on the demo areas and design the
respective trials. A.1 will determine the design of each demonstration trial,
providing a broad “menu” of sustainable, integral management options that will be
adapted to each circumstance.
The methods employed during this action A.1 consist on: A.1.1) Soil inventory
(base line study); A.1.2) Inventory of presence of potential vectors of Xylella
fastidiosa; and A.1.3) Selection of measures to improve system productivity and
sustainability.
The training materials and best-practices designed in Action A.1 and A.2 can be
used to broaden the reach of their use (i.e.: replication of these best-practices in
existing woody crop producing zones). Preparatory actions

2. Introduction
In order to design the respective trials, the monitoring of each of the trial farms has
been carried out. The aim of this activity was to determine the initial status prior to
the start of the actions planned in the development of the LIFE project. The
objective of this activity has been to evaluate in an objective way the evolution of
the treatments throughout the entire project. For this, zoning of crop soil by
sensors of Geophysical Magnetism was done in August/September 2018. In
addition, an inventory of presence of potential vectors of Xylella fastidiosa was
conducted in all trial areas. The information described was used to design the plan
to improve system productivity and sustainability and the parameters to be
evaluated.

3. Chapters + Results
The report includes the following chapters:
- Chapter I: Zoning of crop soil by sensors of Geophysical Magnetism
- Chapter II: Inventory of presence of potential vectors of Xylella fastidiosa
- Chapter III: Design Plan to improve system productivity and sustainability
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Chapter I. Zoning of crop soil by sensors of
Geophysical Magnetism
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1. Introduction
I.

Analytic approach of the study

The soil texture is a very important factor in the management of a crop, since it will
influence its development and the application of water and nutrients, both in its form
and in the doses. For this reason, it is very important to have a complete characterization
of the land of the plot.
On the other hand, a soil sampling with a faithful representation of its spatial variation
entails high costs and consumption of time, due to the fact that, according to the
distribution and soil types existing in our plot, a large number of samplings will be
necessary to have a correct characterization. For this reason, the search for indirect
measurements of the texture or water retention capacity in soil is very important and,
even more so, if this measure is automated. In this sense, precision agriculture puts at
your disposal methodologies and sensors capable of obtaining a large volume of
georeferenced data, allowing mass determinations to be obtained with cost and time
savings together with a faithful representation of the land. In this sense, the search for
these sensors has been directed towards the use of soil resistivity (or the reciprocal
apparent electrical conductivity) as an indirect method to determine areas of differential
management in an agricultural area.
X.1. Apparent electrical Conductivity (ECa)
The concept of ECa is defined as the capacity of an object of a given volume, in this
case the floor, to permit the passage of electric current. Several researchers point out
that ECa is directly related to various edaphic properties, such as clay content, moisture,
apparent density and soil structure, which makes it an excellent indirect measure of
these parameters. In addition, the use of "non-direct contact" sensors allows the
obtaining of georeferenced data in a continuous manner, facilitating the incorporation of
the localization component in the determination of the ECa and, with it, the spatial
characterization of this and other properties related.
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The determination of the ECa of the soil is a rapid sampling methodology, which
favours the obtaining of data about the soil and the spatial distribution of the properties
with which it is related. The classification of the soil using the ECa allows an effective
database for the delimitation of the physical, chemical and biological properties of the
soil and that play an important role in the agrarian production processes. In this way,
these data are essential for the temporary monitoring of the soil condition, and for an
implementation of the management processes. For its part, the ECa also has many fields
of application, such as agricultural, environmental, hydrological and archaeological,
among which salinity cartography, soil contamination, or the depth of it, as well as the
location of buried objects, leaks in pipes and improvement of the designs of irrigation
systems.
Numerous investigations have linked the ECa with the texture of the soil. This
circumstance makes it possible to zoning large areas of land by means of soil analysis
conducted on the basis of the ECa maps obtained. Once the different samples of soil in
the laboratory have been analyzed, the existing relationships between the soil and its
ECa are established, allowing to develop maps of useful water content in the soil
through geostatistical analysis. The ECa, therefore, allows to obtain a general idea of
how the different types of soil are distributed on agricultural surfaces, allowing the
zoning of the plots for the agronomic management of the same.
Thus, in non-saline soils, high values of ECa correspond to more complex soils, of finer
granulometry with higher clays content. Conceptually, these soils retain more water and
nutrients and, therefore, tend to be more productive and fertile if managed properly. On
the contrary, low ECa values correspond to heavier granulometry soils with a higher
content of sands, whose soils tend to retain less moisture and nutrients, so that the
management of this type of soils should to adapt by means of minor, but more frequent
irrigations and to monitor the lack of nutrients in them.
The concept of water retention by the soil is fundamental when it comes to
programming the irrigation, since it allows to know the amount of water that our soil
can store from the water available content parameter.
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X.2. Soil water retention
The amount of soil water that is theoretically available for plants is determined by the
so-called Available Water Content (AWC). This concept is based on the difference
between the field capacity of a soil, which is the maximum value of water that our soil
can store, and the wilting point of it, which is the minimum value of water that can hold
our soil and which is usable by the plants.
Thus, the value of the water retention is different for each type of soil, depending
mainly on its texture. Therefore, when designing the design of an irrigation installation,
taking into account the distribution of the different types of texture is essential.

In addition, it must be taken into account that a crop in optimal situation does not have
all the available water, since from a certain level to the crop it costs a lot more to extract
the water and this causes a situation of stress reducing therefore the productivity of the
crop. This water that can be used by the crop without being subjected to a stress
situation is called easily usable water, representing a percentage of the useful water,
which will depend on the type of crop.
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These parameters of useful water and easily usable water are fundamental when
establishing irrigation schedules, for several reasons:
•

Time to start the first irrigation after the spring rains.

•

Dose of water necessary to keep our water quantity in the soil above the

easily usable water level, thus avoiding exceeding the field capacity limit and its loss by
drainage.
•

Distance between irrigations, where soils with a lesser amount of useful

water, will be soils that will accumulate less water and therefore irrigation will be more
frequent than in soils with a greater water retention capacity.
Given the strong relationship between ECa and texture, zoning can be established based
on this parameter. This will allow to have a georeferenced information of the water
content in the soil in the study area, allowing to establish in a more correct way the
installation of irrigation, modify the irrigation shifts to match shifts with similar water
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content in the soil and establish specific irrigation doses for each zone, thus improving
the efficiency of the water applied and reducing the heterogeneities of crop
development.

2. La Traversagna (Pisa, Italy)
II.

Stages of developed work

The work carried out in the plot “La Traversagna” has consisted of the following stages:
1.

Pass MAP2SOIL system (M2S), dragged with the help of an ATV quad, at a

distance of 15 meters between passes to gather information about the spatial distribution
of the Soil Resistivity of the area under study.
2.

Geostatistical analysis of the data collected and realization of predictive maps of

apparent Electric Conductivity (ECa) (Plans 1 and 2).
3.

Guided soil sampling based on the ECa map to determine the spatial variation of

the soil typology.
4.

Statistical analysis to determine the local relationship between edaphic

parameters and the ECa obtained.
5.

Elaboration of files that regionalizes the data obtained in the laboratory with the

ECa through geostatistical analysis (Plans 3 to 12).
6.

Elaboration of files that regionalizes geographical data (Plan 14).

III.

7

Location and study area

LIFE17 CCA/ES/000030

Deliverable Action A.1 – Demonstration areas:
Inventory & Design plans
I. Zoning of crop soil by sensors of Geophysical Magnetism

The study of zoning of agricultural soils using the M2S system (MAP2SOIL) offered by
AGRODRONE was carried out at the "La Traversagna" field, whose field work was
established in August 2018. The surface under study comprises a total area of 56.49
hectares (Figure 1).

Figure 1. Map of the study area of the plot.

IV.

Geo-statistical analysis and predictive maps

Figure 2 shows the distribution of the Apparent Electric Conductivity (ECa)
measurement (depth 35cm) on the studied surface. The lower ECa values are shown in
blue colours, whereas the higher values appear in red and orange colours. Finally,
yellow and green values correspond to intermediate ECa ranges. Given the existing
relationship between ECa and textural typology, theoretically, the first zones would
8
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correspond to soils with lower clay content and higher percentage content in sand, with
an average capacity for nutrient retention. On the other hand, soils with a higher ECa
usually correspond to more structured soils with a greater capacity for water and
nutrient retention, but they can also present problems of ponding and compaction.

Figure 2. Map of Apparent Electric Conductivity of the plot.
Furthermore, measurements of ECa have been made in two depths (from surface to 35
cm deep and from surface to75 cm deep). After analyzing the results obtained in both
depths, stable values have been obtained in relation to the spatial distribution with a
slightly higher tendency in depth. Therefore, the data indicate a continuous profile in the
studied area. Figure 3 shows the comparison of the ECa in the two depths studied.
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Figure 3. Comparison between the measurement of ECa, at 35cm deep and 80cm deep,
determined by the sensor.
10

LIFE17 CCA/ES/000030

Deliverable Action A.1 – Demonstration areas:
Inventory & Design plans
I. Zoning of crop soil by sensors of Geophysical Magnetism

V.

Analysis in laboratory of soil samples

Once the soil variability was established with respect to the ECa, and in order to adjust
the data obtained to the actual representation of the work area, a guided soil sampling
was carried out. To do this, sampling points were distributed to take the soil samples so
as to cover the areas occupied by the different ECa ranges, subdivided in turn, under
other characteristics of the plot, for example, small changes on the slope of the land and
a good distribution of the samples. This methodology allowed to reduce the number of
sampling points to characterize the entire area, directing these samples from a direct
measurement.
From the spatial distribution of the ECa obtained, a soil sample guide protocol was
performed to analyze the texture of the soil and its relationship with the ECa. These
points were georeferenced and located in the study area by means of a GPS device. The
soil samples were taken at the selected points with manual auger at a depth of 30 - 40
cm. At the time of soil extraction, they were stored in plastic bags and closed and stored
in a portable refrigerator for proper storage, before analysis. Subsequently, the samples
obtained, duly identified, were taken to the laboratory where an analysis of the
percentage of Sand, Silt and Clay was made from official methods.

11

LIFE17 CCA/ES/000030

Deliverable Action A.1 – Demonstration areas:
Inventory & Design plans
I. Zoning of crop soil by sensors of Geophysical Magnetism

Figure 4. Characterization of the values obtained on the texture triangle.
The data obtained were represented in the texture triangle for its characterization
(Figure 4), classifying the soil as Clay Loam and Clay.

VI.

Texture of soil and defective parameters

The laboratory analysis of the georeferenced soil samples and their subsequent
treatment together with the surface ECa data by means of geo-statistics has allowed the
elaboration of spatial variation maps of the content of the fine elements (<2mm.) In the
study surface of the estate. Figure 5 shows the distribution of the different textural
classes on the studied surface.

Figure 5. Textural distribution on the studied surface of the plot.
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In relation to the clay content (Figure 6a), the distribution of the percentage values of
clay in the studied surface is observed, appearing in dark colours the highest
percentages in clay and in light colours the lowest.
In addition, on the one hand Figure 6b shows the distribution of the percentage contents
in silt is also observed, appearing in dark colours the highest percentage contents and in
light colours the lowest. The same appreciation is given in Figure 6c for the sand
content.

Figure 6a. Distribution map of the clay content in the plot.
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Figure 6b. Distribution map of the silt content in the plot.

Figure 6c. Distribution map of the sand content in the plot.

14

LIFE17 CCA/ES/000030

Deliverable Action A.1 – Demonstration areas:
Inventory & Design plans
I. Zoning of crop soil by sensors of Geophysical Magnetism

VII.

Available water content and hydraulic conductivity

The distribution in the percentage content of the three clay, silty and sandy materials
causes differences between the characteristics of the studied soils, fundamentally from
the point of view of their water characterization. The degree of relationship obtained
between the texture analysis and the ECa allows us to develop a map of Available
Water Content in the study area. For this, a geostatistical analysis was performed that
correlates a main variable (Useful Water) obtained in the laboratory with a secondary
variable (ECa) determined in a massive way with the field sensor.
Figure 7 shows the map of water retention per meter deep for the studied surface,
showing in dark blue colour those zones with greater water storage capacity and, in
strong green, those with smaller capacity. Meanwhile, Figure 8 shows the map of
infiltration rate of water in the soil in saturation state (hydraulic conductivity) where
dark blue represent low infiltration rates and yellow colours represent higher velocities.

Figure 7. Map of soil water retention of the plot.
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Figure 8. Map of infiltration rate of water of the plot, in saturated soil.

VIII.

pH distribution and organic matter content in the soil

Figure 9 shows the map of pH distribution in the soil of the plot under study, where a
range that varies among 8.0 and 8.5 points is observed.
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Figure 9. Map of pH distribution on the plot.

Figure 10. Map of Organic Matter Content distribution on the plot.
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IX.

Zoning of the study surface

Based on all the information generated during this study, a zoning of the plot under
study can be carried out based on its soil parameters. The proposed zoning is explained
in detail (Figure 11), as well as in a simplified form (Figure 12), the latter by irrigation
sectors, which have been obtained from the spatial variability of the texture, the water
retention capacity in the soil and its infiltration rate in it.

Figure 11. Detailed zoning proposed for the plot.
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Figure 12. Simplified zoning proposed for the plot.
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-

TEXTURE

WATER

FERTILIZATION
Soils need large inputs of
organic matter to improve
their structure. They lose
fertilizers by leachate. This
circumstance must be taken
into account when fertilizing
or fertigrating

SOIL MANAGEMENT

PLANT MANAGEMENT

PRODUCTIVITY

Soils usually indicated for long
cycle varieties, resistant and
Easy to manage. Low tendency to
susceptible to fungal diseases. In a
puddling. It is advisable to perform
generic way, and depending on the
work at Soil Field Capacity.
crop and climate, they generate
plants of low vigor.

Tend to be soils with a medium low
productivity but constant over the
years.

Soils need contributions of
Soils usually indicated for long
organic matter to improve
cycle varieties, resistant and
Easy to manage. Low tendency to
their structure. They tend to
susceptible to fungal diseases. In a
puddling. It is advisable to perform
lose fertilizer contributions by
generic way, and depending on the
work at Soil Field Capacity.
leaching, although in a lesser
crop and climate, they generate
way than TYPE 1 soils.
plants of middle-low vigor.

Tend to be soils with a medium
productivity but constant over the
years.

TYPE 1

VERY LIGHT.
Very sandy soils, poorly
structured, with low clay
content and very coarse
granulometry.

Soils lose a lot of water by
leaching. It is recommended to
apply very short and continuous
irrigations over time in this type of
soil.

TYPE 2

LIGHT.
Sandy Loam soils, better
structured than the
previous ones, with low
content in clays.

Soils tend to lose water by
leaching, it is recommended to
apply short waterings and
continued in this type of soil
(although greater than TYPE 1).

TYPE 3

MEDIUM.
Loam soils, very well
structured with balanced
contents in clays.

Soils need punctual
Soils have large capacity to retain
contributions of organic
water. Long and continuous
matter to improve their
watering can be applied.
structure. They tend to retain
fertilizer inputs adequately.

TYPE 4

WEIGHT.
Clayed soils, with high
content in clays and
variable content in both
sand and silt.

Soils retain the concentrations
Soils usually indicated for shortSoils hard to manage. They usually
Well structured soils, capable of
of fertilizer elements in an
cycle varieties, which are not
have ponding and compaction
retaining moisture easily. It is
adequately way. They present
susceptible to suffer fungal
problems. It is advisable to analyze
recommended to space the
a very high microbial activity,
diseases. In a generic way, and
very well the moment of
irrigations when the crop allows it. favoring processes such as
depending on the crop and climate,
beginning of the tillages.
nitrification.
they generate plants of great vigor.

Easy to manage. Low tendency to Generically, and depending on the
Very productive soils if they are
puddling. It is advisable to perform crop and climate, plants generate
managed properly.
work at Soil Field Capacity.
great vigor.

TYPE 5

Soils retain the concentrations
Soils usually indicated for shortSoils hard to manage. They usually
Well structured soils, capable of
of fertilizer elements very
cycle varieties, which are not
VERY WEIGHT.
have ponding and compaction
retaining moisture with great ease. adequately. They can lead to
susceptible to suffer fungal
problems. It is advisable to analyze
Clay soils with high to very
It is recommended to space the
blockages of some element
diseases. In a generic way, and
high clay content.
very well the moment of
given its great basification
depending on the crop and climate,
irrigations when the crop allows it.
beginning of the tillages.
power.
they generate plants of great vigor.

TYPE 6

They have a great capacity to retain
MEDIUM WEIGHT.
water, but the fluidity of it in this
Soils with high silt contents. type of soil is low. They retain a
large capacity of water when they
They have an average
granulometry smaller than
are wet. However, they are very
low permeable soils and have
sands and greater than
great problems of infiltration and
clays.
compaction when they are dry.

Soils need large inputs of
organic matter to improve
their structure.

It is recomendable to avoid the
Direct sow and no-till techniques are
very disintegrating tillages, that
usually effective in this type of soil.
sharpen the compaction of the soil.
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Although their potential yield is
high, they tend to be soils with a
variable productivity, depending on
the climatology and its
management.

Soils with a variable productivity
depending on the climatology and
its management.

Very variable yield, depending on
the management that is given to
the crop.

In general, a characterization of the soil can be established according to the ECa:

SOIL ZONING
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X.

Laboratory analysis

Depending on the variability detected in the soil, various physicochemical analyses
were carried out. Figure 15 shows the point taken, and Figure 16 show the results.

Figure 15. Map of point taken.
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1

SOIL SAMPLE
5
6

2

3

4

E.C. (dS/m) (extract 1:5) 0.31
Macronutrients

0.26

0.28

0.28

0.30

0.35

0.42

0.38

0.38

NO3 (mg/kg)

<25

58.21

<25

P (ppm)

40.80

31.40

37.40

K (meq/100 g)

0.78

1.10

Ca (meq/100 g)

38.97

%N. total
-

7

8

9

10

0.32

0.22

0.29

0.23

0.27

0.36

0.30

0.33

0.33

0.27

0.28

50.18

60.89

48.39

106.43

62.68

76.96

51.96

29.40

41.60

27.80

42.40

39.40

17.40

30.00

1.01

0.70

1.05

1.42

0.74

1.16

0.67

0.69

38.63

35.43

42.50

34.19

34.78

36.43

32.17

30.64

28.09

Mg (meq/100 g)

2.15

3.36

2.24

2.56

2.67

2.61

2.89

2.97

1.65

1.74

SO4-2 (meq/100g)
Micronutrientes

0.28

0.21

0.18

0.25

0.19

0.28

0.19

0.16

0.11

0.15

Fe (ppm)

52.24

69.42

43.12

45.12

34.26

32.97

52.76

73.20

17.69

22.54

Mn (ppm)

3.85

6.28

6.21

4.24

8.25

5.66

5.63

11.14

6.86

7.70

B (ppm)

1.47

1.75

1.40

1.70

1.20

1.06

1.46

1.68

0.99

1.20

Cu (ppm)

10.11

18.52

16.51

12.35

26.15

7.04

8.81

22.50

7.14

12.39

Zn (ppm)

0.57

1.18

0.80

0.56

1.03

0.52

0.66

0.85

0.44

0.68

Cl (meq/100 g)
Oligoelementes

0.37

0.20

0.29

0.26

0.29

0.39

0.16

0.27

0.20

0.29

Na (meq/100 g)

0.17

0.29

0.15

0.25

0.28

0.10

0.14

0.18

0.14

0.13

5.17

6.41

5.38

5.79

4.81

4.40

4.97

4.91

3.52

3.47

-

Orgánics
% O.M. Oxidable
%C total

6.72

8.34
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Figure 16a. Laboratory analyses results.
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Figure 16b. Laboratory analyses results
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3. El Valenciano (Carmona, Spain)

I.

Stages of developed work

The work carried out in the plot “El Valenciano” has consisted of the following stages:
1.

Pass MAP2SOIL system (M2S), dragged with the help of an ATV quad, at a

distance of 15 meters between passes to gather information about the spatial distribution
of the Soil Resistivity of the area under study.
2.

Geostatistical analysis of the data collected and realization of predictive maps of

apparent Electric Conductivity (ECa) (Plans 1 and 2).
3.

Guided soil sampling based on the ECa map to determine the spatial variation of

the soil typology.
4.

Statistical analysis to determine the local relationship between edaphic

parameters and the ECa obtained.
5.

Elaboration of files that regionalizes the data obtained in the laboratory with the

ECa through geostatistical analysis (Plans 3 to 12).
6.

Elaboration of files that regionalizes geographical data (Plans 13 to 15).

II.

Location and study area

The study of zoning of agricultural soils using the M2S system (MAP2SOIL) offered by
AGRODRONE was carried out at the "El valenciano" field, whose field work was
established in August 2018. The surface under study comprises a total area of 83.06 ha
(Figure 1).
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Figure 1. Map of the study area of the plot.

III.

Geo-statistical analysis and predictive maps

Figure 2 shows the distribution of the Apparent Electric Conductivity (ECa)
measurement (depth 35cm) on the studied surface. The lower ECa values are shown in
blue colours, whereas the higher values appear in red and orange colours. Finally,
yellow and green values correspond to intermediate ECa ranges. Given the existing
relationship between ECa and textural typology, theoretically, the first zones would
correspond to soils with lower clay content and higher percentage content in sand, with
an average capacity for nutrient retention. On the other hand, soils with a higher ECa
usually correspond to more structured soils with a greater capacity for water and
nutrient retention, but they can also present problems of ponding and compaction.
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Figure 2. Map of Apparent Electric Conductivity of the plot.
Furthermore, measurements of ECa have been made in two depths (from surface to 35
cm deep and from surface to75 cm deep). After analyzing the results obtained in both
depths, stable values have been obtained in relation to the spatial distribution with a
slightly higher tendency in depth. Therefore, the data indicate a continuous profile in the
studied area. Figure 3 shows the comparison of the ECa in the two depths studied.
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Figure 3. Comparison between the measurement of ECa, at 35cm deep and 80cm deep,
determined by the sensor.
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IV.

Analysis in laboratory of soil samples

Once the soil variability was established with respect to the ECa, and in order to adjust
the data obtained to the actual representation of the work area, a guided soil sampling
was carried out. To do this, sampling points were distributed to take the soil samples so
as to cover the areas occupied by the different ECa ranges, subdivided in turn, under
other characteristics of the plot, for example, small changes on the slope of the land and
a good distribution of the samples. This methodology allowed to reduce the number of
sampling points to characterize the entire area, directing these samples from a direct
measurement.
From the spatial distribution of the ECa obtained, a soil sample guide protocol was
performed to analyze the texture of the soil and its relationship with the ECa. These
points were georeferenced and located in the study area by means of a GPS device. The
soil samples were taken at the selected points with manual auger at a depth of 30 - 40
cm. At the time of soil extraction, they were stored in plastic bags and closed and stored
in a portable refrigerator for proper storage, before analysis. Subsequently, the samples
obtained, duly identified, were taken to the laboratory where an analysis of the
percentage of Sand, Silt and Clay was made from official methods.
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Figure 4. Characterization of the values obtained on the texture triangle.
The data obtained were represented in the texture triangle for its characterization
(Figure 4), classifying the soil as Loam, Clay Loam and Clay.

V.

Texture of soil and defective parameters

The laboratory analysis of the georeferenced soil samples and their subsequent
treatment together with the surface ECa data by means of geostatistics has allowed the
elaboration of spatial variation maps of the content of the fine elements (<2mm.) In the
study surface of the estate. Figure 5 shows the distribution of the different textural
classes on the studied surface.

Figure 5. Textural distribution on the studied surface of the plot.
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In relation to the clay content (Figure 6a), the distribution of the percentage values of
clay in the studied surface is observed, appearing in dark colours the highest
percentages in clay and in light colours the lowest.
In addition, on the one hand Figure 6b shows the distribution of the percentage contents
in silt is also observed, appearing in dark colours the highest percentage contents and in
light colours the lowest. The same appreciation is given in Figure 6c for the sand
content.

Figure 6a. Distribution map of the clay content in the plot.
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Figure 6b. Distribution map of the silt content in the plot.

Figure 6c. Distribution map of the sand content in the plot.
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VI.

Available water content and hydraulic conductivity

The distribution in the percentage content of the three clay, silty and sandy materials
causes differences between the characteristics of the studied soils, fundamentally from
the point of view of their water characterization. The degree of relationship obtained
between the texture analysis and the ECa allows us to develop a map of Available
Water Content in the study area. For this, a geostatistical analysis was performed that
correlates a main variable (Useful Water) obtained in the laboratory with a secondary
variable (ECa) determined in a massive way with the field sensor.
Figure 7 shows the map of water retention per meter deep for the studied surface,
showing in dark blue colour those zones with greater water storage capacity and, in
strong green, those with smaller capacity. Meanwhile, Figure 8 shows the map of
infiltration rate of water in the soil in saturation state (hydraulic conductivity) where
dark blue colours represent low infiltration rates and yellow colours represent higher
velocities.

Figure 7. Map of soil water retention of the plot.
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Figure 8. Map of infiltration rate of water of the plot, in saturated soil.
VII.

pH distribution and organic matter content in the soil

Figure 9 shows the map of pH distribution in the soil of the plot under study, where a
range that varies among 8.0 and 8.5 points is observed.
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Figure 9. Map of pH distribution on the plot.

Figure 10. Map of Organic Matter Content distribution on the plot.
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VIII.

Zoning of the study surface

Based on all the information generated during this study, a zoning of the plot under
study can be carried out based on its soil parameters. The proposed zoning is explained
in detail (Figure 11), as well as in a simplified form (Figure 12), the latter by irrigation
sectors, which have been obtained from the spatial variability of the texture, the water
retention capacity in the soil and its infiltration rate in it.

Figure 11. Detailed zoning proposed for the plot.
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Figure 12. Simplified zoning proposed for the plot.
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TEXTURE

WATER

FERTILIZATION
Soils need large inputs of
organic matter to improve
their structure. They lose
fertilizers by leachate. This
circumstance must be taken
into account when fertilizing
or fertigrating

SOIL MANAGEMENT

PLANT MANAGEMENT

PRODUCTIVITY

Soils usually indicated for long
cycle varieties, resistant and
Easy to manage. Low tendency to susceptible to fungal diseases. In a
puddling. It is advisable to perform generic way, and depending on the
work at Soil Field Capacity.
crop and climate, they generate
plants of low vigor.

Tend to be soils with a medium
low productivity but constant
over the years.

Soils need contributions of
Soils usually indicated for long
organic matter to improve
cycle varieties, resistant and
their structure. They tend to Easy to manage. Low tendency to susceptible to fungal diseases. In a
lose fertilizer contributions by puddling. It is advisable to perform generic way, and depending on the
work at Soil Field Capacity.
leaching, although in a lesser
crop and climate, they generate
way than TYPE 1 soils.
plants of middle-low vigor.

Tend to be soils with a medium
productivity but constant over
the years.

TYPE 1

VERY LIGHT.
Very sandy soils, poorly
structured, with low clay
content and very coarse
granulometry.

Soils lose a lot of water by
leaching. It is recommended to
apply very short and continuous
irrigations over time in this type of
soil.

TYPE 2

LIGHT.
Sandy Loam soils, better
structured than the
previous ones, with low
content in clays.

Soils tend to lose water by
leaching, it is recommended to
apply short waterings and
continued in this type of soil
(although greater than TYPE 1).

TYPE 3

MEDIUM.
Loam soils, very well
structured with balanced
contents in clays.

Soils need punctual
Soils have large capacity to retain
contributions of organic
water. Long and continuous
matter to improve their
watering can be applied.
structure. They tend to retain
fertilizer inputs adequately.

TYPE 4

WEIGHT.
Clayed soils, with high
content in clays and
variable content in both
sand and silt.

Soils retain the concentrations
Soils usually indicated for shortSoils hard to manage. They usually
of fertilizer elements in an
cycle varieties, which are not
Well structured soils, capable of
have ponding and compaction
adequately way. They present
susceptible to suffer fungal
retaining moisture easily. It is
problems. It is advisable to analyze
a very high microbial activity,
diseases. In a generic way, and
recommended to space the
very well the moment of
depending on the crop and climate,
irrigations when the crop allows it. favoring processes such as
beginning of the tillages.
nitrification.
they generate plants of great vigor.

Although their potential yield
is high, they tend to be soils
with a variable productivity,
depending on the climatology
and its management.

Soils retain the concentrations
Soils usually indicated for shortSoils hard to manage. They usually
of fertilizer elements very
cycle varieties, which are not
have ponding and compaction
adequately. They can lead to
susceptible to suffer fungal
problems. It is advisable to analyze
blockages of some element
diseases. In a generic way, and
very well the moment of
given its great basification
depending on the crop and climate,
beginning of the tillages.
power.
they generate plants of great vigor.

Soils with a variable
productivity depending on the
climatology and its
management.

TYPE 5

Well structured soils, capable of
VERY WEIGHT.
retaining moisture with great ease.
Clay soils with high to very
It is recommended to space the
high clay content.
irrigations when the crop allows it.

TYPE 6

They have a great capacity to retain
water, but the fluidity of it in this
MEDIUM WEIGHT.
Soils with high silt contents. type of soil is low. They retain a
large capacity of water when they
They have an average
are wet. However, they are very
granulometry smaller than
low permeable soils and have
sands and greater than
great problems of infiltration and
clays.
compaction when they are dry.

-

Soils need large inputs of
organic matter to improve
their structure.

Easy to manage. Low tendency to Generically, and depending on the
Very productive soils if they are
puddling. It is advisable to perform crop and climate, plants generate
managed properly.
work at Soil Field Capacity.
great vigor.

It is recomendable to avoid the
Very variable yield, depending
Direct sow and no-till techniques are
very disintegrating tillages, that
on the management that is
usually effective in this type of soil.
sharpen the compaction of the soil.
given to the crop.
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IX.

0
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Laboratory analysis
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Figure 15. Laboratory analyses results.
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Depending on the variability detected in the soil, various physicochemical analyses
were carried out. Figure 15 show the results.

4. Herdade de Charqueirão (Alandroal, Évora)
I.

Stages of developed work

The work carried out in the plot “La Traversagna” has consisted of the following stages:
The work carried out in the plot “Herdade de Charqueirão” has consisted of the
following stages:
1.

Pass MAP2SOIL system (M2S), dragged with the help of an ATV quad, at a

distance of 15 meters between passes to gather information about the spatial distribution
of the Soil Resistivity of the area under study.
2.

Geostatistical analysis of the data collected and realization of predictive maps of

apparent Electric Conductivity (ECa) (Plans 1 and 2).
3.

Guided soil sampling based on the ECa map to determine the spatial variation of

the soil typology.
4.

Statistical analysis to determine the local relationship between edaphic

parameters and the ECa obtained.
5.

Elaboration of files that regionalizes the data obtained in the laboratory with the

ECa through geostatistical analysis (Plans 3 to 12).
6.

Elaboration of files that regionalizes geographical data (Plans 13 to 15).
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II.

Location and study area

The study of zoning of agricultural soils using the M2S system (MAP2SOIL) offered by
AGRODRONE was carried out at the "Herdade de Charqueirão" field, whose field
work was established in August 2018. The surface under study comprises a total area of
59.23 hectares (Figure 1).

Figure 1. Map of the study area of the plot.

III.

Geo-statistical analysis and predictive maps

Figure 2 shows the distribution of the Apparent Electric Conductivity (ECa)
measurement (depth 35cm) on the studied surface. The lower ECa values are shown in
blue colours, whereas the higher values appear in red and orange colours. Finally,
yellow and green values correspond to intermediate ECa ranges. Given the existing
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relationship between ECa and textural typology, theoretically, the first zones would
correspond to soils with lower clay content and higher percentage content in sand, with
an average capacity for nutrient retention. On the other hand, soils with a higher ECa
usually correspond to more structured soils with a greater capacity for water and
nutrient retention, but they can also present problems of ponding and compaction.

Figure 2. Map of Apparent Electric Conductivity of the plot.
Furthermore, measurements of ECa have been made in two depths (from surface to 35
cm deep and from surface to75 cm deep). After analysing the results obtained in both
depths, stable values have been obtained in relation to the spatial distribution with a
slightly higher tendency in depth. Therefore, the data indicate a continuous profile in the
studied area. Figure 3 shows the comparison of the ECa in the two depths studied.
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Figure 3. Comparison between the measurement of ECa, at 35cm deep and 80cm deep,
determined by the sensor.
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IV.

Analysis in laboratory of soil samples

Once the soil variability was established with respect to the ECa, and in order to adjust
the data obtained to the actual representation of the work area, a guided soil sampling
was carried out. To do this, sampling points were distributed to take the soil samples so
as to cover the areas occupied by the different ECa ranges, subdivided in turn, under
other characteristics of the plot, for example, small changes on the slope of the land and
a good distribution of the samples. This methodology allowed to reduce the number of
sampling points to characterize the entire area, directing these samples from a direct
measurement.
From the spatial distribution of the ECa obtained, a soil sample guide protocol was
performed to analyse the texture of the soil and its relationship with the ECa. These
points were georeferenced and located in the study area by means of a GPS device. The
soil samples were taken at the selected points with manual auger at a depth of 30 - 40
cm. At the time of soil extraction, they were stored in plastic bags and closed and stored
in a portable refrigerator for proper storage, before analysis. Subsequently, the samples
obtained, duly identified, were taken to the laboratory where an analysis of the
percentage of Sand, Silt and Clay was made from official methods.
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Figure 4. Characterization of the values obtained on the texture triangle.
The data obtained were represented in the texture triangle for its characterization
(Figure 4), classifying the soil as Loam, Clay Loam, Clay and Silty Loam..

V. Texture of soil and defective parameters

The laboratory analysis of the georeferenced soil samples and their subsequent
treatment together with the surface ECa data by means of geostatistics has allowed the
elaboration of spatial variation maps of the content of the fine elements (<2mm.) In the
study surface of the estate. Figure 5 shows the distribution of the different textural
classes on the studied surface.

Figure 5. Textural distribution on the studied surface of the plot.
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In relation to the clay content (Figure 6a), the distribution of the percentage values of
clay in the studied surface is observed, appearing in dark colours the highest
percentages in clay and in light colours the lowest.
In addition, on the one hand Figure 6b shows the distribution of the percentage contents
in silt is also observed, appearing in dark colours the highest percentage contents and in
light colours the lowest. The same appreciation is given in Figure 6c for the sand
content

Figure 6a. Distribution map of the clay content in the plot.
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Figure 6b. Distribution map of the silt content in the plot.

Figure 6c. Distribution map of the sand content in the plot.
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VI.

Available water content and hydraulic conductivity

The distribution in the percentage content of the three clay, silty and sandy materials
causes differences between the characteristics of the studied soils, fundamentally from
the point of view of their water characterization. The degree of relationship obtained
between the texture analysis and the ECa allows us to develop a map of Available
Water Content in the study area. For this, a geostatistical analysis was performed that
correlates a main variable (Useful Water) obtained in the laboratory with a secondary
variable (ECa) determined in a massive way with the field sensor.
Figure 7 shows the map of water retention per meter deep for the studied surface,
showing in dark blue colour those zones with greater water storage capacity and, in
strong green, those with smaller capacity. Meanwhile, Figure 8 shows the map of
infiltration rate of water in the soil in saturation state (hydraulic conductivity) where
dark blue represent low infiltration rates and yellow colours represent higher velocities.

Figure 7. Map of soil water retention of the plot.
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Figure 8. Map of infiltration rate of water of the plot, in saturated soil.

VII.

pH distribution and organic matter content in the soil

Figure 9 shows the map of pH distribution in the soil of the plot under study, where a
range that varies among 8.0 and 8.5 points is observed.
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Figure 9. Map of pH distribution on the plot.

Figure 10. Map of Organic Matter Content distribution on the plot.
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VIII. Elevation, level curves and soil orientation

Figure 11. Map of Organic Matter Content distribution on the plot

Figure 12. Map of Organic Matter Content distribution on the plot.

50

LIFE17 CCA/ES/000030

Deliverable Action A.1 – Demonstration areas:
Inventory & Design plans
I. Zoning of crop soil by sensors of Geophysical Magnetism

IX.

Zoning of the study surface

Based on all the information generated during this study, a zoning of the plot under
study can be carried out based on its soil parameters. The proposed zoning is explained
in detail (Figure 13), as well as in a simplified form (Figure 14), the latter by irrigation
sectors, which have been obtained from the spatial variability of the texture, the water
retention capacity in the soil and its infiltration rate in it.

Figure 13. Detailed zoning proposed for the plot
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Figure 14. Simplified zoning proposed for the plot.
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SOIL ZONING

WATER

FERTILIZATION
Soils need large inputs of
organic matter to improve
their structure. They lose
fertilizers by leachate. This
circumstance must be taken
into account when fertilizing
or fertigrating

SOIL MANAGEMENT

PLANT MANAGEMENT

PRODUCTIVITY

Soils usually indicated for long
cycle varieties, resistant and
Easy to manage. Low tendency to
susceptible to fungal diseases. In a
puddling. It is advisable to perform
generic way, and depending on the
work at Soil Field Capacity.
crop and climate, they generate
plants of low vigor.

Tend to be soils with a medium
low productivity but constant
over the years.

Soils need contributions of
Soils usually indicated for long
organic matter to improve
cycle varieties, resistant and
Easy to manage. Low tendency to
their structure. They tend to
susceptible to fungal diseases. In a
puddling. It is advisable to perform
lose fertilizer contributions by
generic way, and depending on the
work at Soil Field Capacity.
leaching, although in a lesser
crop and climate, they generate
way than TYPE 1 soils.
plants of middle-low vigor.

Tend to be soils with a medium
productivity but constant over
the years.

TYPE 1

VERY LIGHT.
Very sandy soils, poorly
structured, with low clay
content and very coarse
granulometry.

Soils lose a lot of water by
leaching. It is recommended to
apply very short and continuous
irrigations over time in this type of
soil.

TYPE 2

LIGHT.
Sandy Loam soils, better
structured than the
previous ones, with low
content in clays.

Soils tend to lose water by
leaching, it is recommended to
apply short waterings and
continued in this type of soil
(although greater than TYPE 1).

TYPE 3

MEDIUM.
Loam soils, very well
structured with balanced
contents in clays.

Soils need punctual
Soils have large capacity to retain
contributions of organic
water. Long and continuous
matter to improve their
watering can be applied.
structure. They tend to retain
fertilizer inputs adequately.

TYPE 4

WEIGHT.
Clayed soils, with high
content in clays and
variable content in both
sand and silt.

Soils retain the concentrations
Soils usually indicated for shortSoils hard to manage. They usually
of fertilizer elements in an
cycle varieties, which are not
Well structured soils, capable of
have ponding and compaction
retaining moisture easily. It is
adequately way. They present
susceptible to suffer fungal
problems. It is advisable to analyze
recommended to space the
a very high microbial activity,
diseases. In a generic way, and
very well the moment of
irrigations when the crop allows it. favoring processes such as
depending on the crop and climate,
beginning of the tillages.
nitrification.
they generate plants of great vigor.

Although their potential yield
is high, they tend to be soils
with a variable productivity,
depending on the climatology
and its management.

TYPE 5

Soils retain the concentrations
Soils usually indicated for shortSoils hard to manage. They usually
Well structured soils, capable of
of fertilizer elements very
cycle varieties, which are not
VERY WEIGHT.
have ponding and compaction
retaining moisture with great ease. adequately. They can lead to
susceptible to suffer fungal
problems. It is advisable to analyze
Clay soils with high to very
blockages of some element
diseases. In a generic way, and
It is recommended to space the
high clay content.
very well the moment of
irrigations when the crop allows it.
given its great basification
depending on the crop and climate,
beginning of the tillages.
power.
they generate plants of great vigor.

Soils with a variable
productivity depending on the
climatology and its
management.

TYPE 6

They have a great capacity to retain
MEDIUM WEIGHT.
water, but the fluidity of it in this
Soils with high silt contents. type of soil is low. They retain a
large capacity of water when they
They have an average
granulometry smaller than
are wet. However, they are very
low permeable soils and have
sands and greater than
clays.
great problems of infiltration and
compaction when they are dry.

Soils need large inputs of
organic matter to improve
their structure.
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Easy to manage. Low tendency to Generically, and depending on the
Very productive soils if they are
puddling. It is advisable to perform crop and climate, plants generate
managed properly.
work at Soil Field Capacity.
great vigor.

It is recomendable to avoid the
Very variable yield, depending
Direct sow and no-till techniques are
very disintegrating tillages, that
on the management that is
usually effective in this type of soil.
sharpen the compaction of the soil.
given to the crop.

In general, a characterization of the soil can be established according to the ECa:

-
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X.

Laboratory analysis

Depending on the variability detected in the soil, various physicochemical analyses
were carried out. Figure 15 shows the point taken, and Figure 16 show the results.

Figure 15. Map of point taken.
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SOIL SAMPLE

0
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Figure 16. Laboratory analyses results.
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Chapter II. Auxiliary Flora and Fauna Inventory
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1. Introduction
The cover crop between the lines of olive and almond crops, it is a structure. It is
important that, by being continuously present, it enables and facilitates the insect transit
through the whole plot biodiversity.
The spontaneous cover crop in the project plots showed low floristic diversity, that is,
they present a few interesting species from the point of view of biodiversity and are
therefore of little interest to the auxiliary fauna.
Fauna sampling was carried out in 3 areas (Italy, Portugal and Spain). Within each area 3
different vegetation types were defined, that were:
Italy: Olive crop, cover crop, shrubs
Spain: Olive crop, cover crop, shrubs and aromatics
Portugal: Almond crop, cover crop, shrubs
Thus, to know the starting point of the areas defined for this project, it is important to
carry out a first survey of the fauna and flora existing in the places where the cover crop
will be done.
In the insect’s identification will be used the Rapid Biodiversity Assessment (RBA)
method, classifying them by Orders, Families and Species whenever possible, using the
Nikon Stereoscopic Binocular Loupe. After identification, parameters such as Abundance
(No. of Individuals / Sample) and Wealth (Number of Families / Sample) of each sampled
area will also be evaluated.
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2.

Charqueirão farm (Alandroal, Portugal)
1. Auxiliary flora and fauna inventory

The exception to this situation was the "Finca Charqueirão" - Portugal - where the
maintenance of a cover crop showed the existence of leguminous species that allow for a
more effective soil improvement by fixing nitrogen atmospheric conditions in soil. These
species belong mainly to the genus Medicago as can be seen in the following photos,
where different varieties can be identified such as Medicago truncatula, Medicago
polymorpha and Medicago scutellata.
The cover crop was constituted by some species of grasses and legumes, that were mostly
dried and bedridden, although sporadically there existed flowering species and some
legumes to germinate.
The hedges were mainly tree species, namely the Kermes oak (Quercus coccifera) and
wild olives (Olea europea var. sylvestris) and were located near the road.
On the other hand, it was found that low floristic diversity, will not be much beneficial to
biodiversity by presenting so little attractive insect power.
I.

Auxiliary fauna inventory

The aspirations were directed to the cover crop, to the shrubs and aromatic that were near
the road and in the cup of the almond trees. In total, 44 individuals were captured.
The cover crop consisted of some species of grasses and legumes, which were mostly
dried and bedridden, although sporadically there were flowering species and some
legumes germinating. However, this situation was not homogeneous, there were areas
where the soil was practically naked. In total, 32 individuals were captured, among which
17 were soil mites of the Haplozetidea family, important for the decomposition of organic
matter.
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The Hedges were mainly arboreal species, namely the Quercus coccifera (Carrasco) and
Zambujeiro and were located near the road. A total of 3 individuals, one phytophagous of
the Orthoptera Order and two auxiliaries of the Family Crysopidae were identified. These
hedges have little impact on the crop because of the distance they are and their specific
low richness.
The almond trees were without any evident phytosanitary problems and in good
vegetative state. Here a total of 9 individuals were captured, all of them auxiliary fauna, 6
individuals of the Order Araneae, 2 of the Order Coleoptera and 1 of the Family
Crysopidae.

Figure 1. Sampling Scheme
! On cover crop:
• 7 Ants - Considered Indifferent
Class: Insect
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Order: Hymenoptera
Sub-Order: Apocrita
Super-Family: Vespoidea
Family: Formicidae

• 3 Coleoptera - 2 considered phytophagous and 1 Auxiliary Fauna
Class: Insect
Order: Coleoptera
Sub-Family: Coccidulinae (Auxiliary Fauna)
Subfamily: Curculionidae (Phytophagous)

• 4 Spiders
Category: Arachnida
Order: Araneae
Sub-Order: Araneomorphae

• 17 Mites - important soil mites in the decomposition of organic matter
Class: Arachnid
Sub-Class: Acari
Order: Oribatida
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Family: Haplozetidea
Genus: Peloribates

• 1 Aphid - Considered as Phytophagous
Class: Insect
Order: Hemiptera
Sub-Order: Sternorryncha
Family: Aphididae

! On the Hedges:
• 1 Grasshopper - Considered Phytophagous
Class: Insect
Sub-Class: Pterygota
Order: Orthoptera
Sub-Order: Caelifera

• 2 Crisopa - considered Auxiliary Fauna
Class: Insect
Order: Neuroptera
Super-Family: Chrysopidea
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Family: Crysopidae
Genre: Crysoperla

! In the Amendoeiras Cups:
• 6 Spiders
Category: Arachnida
Order: Araneae
Sub-Order: Araneomorphae

• 2 Coleoptera - Considered Auxiliary Fauna
Class: Insect
Order: Coleoptera
Sub-Family: Coccidulinae
Sub-Family: Scymninae

• 1 Chrysoprase - considered Auxiliary Fauna
Class: Insect
Order: Neuroptera
Super-Family: Chrysopidea
Family: Crysopidae
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Genre: Crysoperla

3. El Valenciano farm (Carmona, Spain)
1. Auxiliary flora and fauna inventory

The cover crops in the entrance area of the property were constituted by grasses (Lolium
multiflorum) that were dry and bedridden, covering the whole surface of the soil.
However, in the olive crop area near the Alameda, the soil was without cover crop.
The aspirated hedges were in the poplar zone, composed of aromatic species such as
Thymus, Salvia and Rosemarinus, and another area herbaceous-shrubs where species like
dill (Anethum graveolens), Rosa canina and elm leaf blackberry (Rubus ulmifolius).
It should be noted in the particular case of "Finca El Valenciano" where the maintenance
of a cover crop system based on grasses (Lolium multiflorum), that is, with low floristic
diversity, and did not present a large number of catches, as can be seen further on
entomology catches.
Still in this test plot, there are areas where mobilization of soil in order to control of
herbaceous species weeds. This practice represents an increased cost to the farmer and
also for the environment. Over-control of herbs, besides increases the consumption of
fossil fuels – through mobilizations with machines - also increases the use of herbicide
products.
Excessive ground mobilization causes carbon release, which would remain imprisoned in
a stable form through the maintenance of a cover crop. On the other hand, this control of
herbaceous plants weeds, breaks the continuity of ecological structures that could serve as
a bridge for beneficial insects, allowing their mobility along the olive and almond crops.
II.
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The vacuums were directed to the cover crop, to the shrubs and aromatics found in the
Alameda and the canopy of the olive trees, with a total of 129 individuals.
In total, 7 individuals were found in the cover crop with grasses and zero in the naked
soil.
In total, 112 individuals were captured, of which 71 individuals were captured from the
aromatic hedges and 41 from the herbaceous / shrub hedges. Although these hedges are
very interesting because of the specific richness of attracting insects they have shown,
they will apparently have little impact on the crop because they are too far away from the
olive trees. Apart from this situation, there is also no cover crop inside the olives that
allows the movement of the auxiliary fauna to the innermost areas of the crop, making it
difficult to move.
In the aromatic hedgerow zone 53 individuals belonged to phytophagous species
(possible pests), 52 of which were of the Aphididae Family and 1 of the Curculionidae
Family. Some auxiliaries of the family Coccinelidae and also of the Order Araneae were
also identified. Diptera found need a greater degree of identification to see if they will be
auxiliary.
In the Hedge / Herbaceous hedgerow area 35 individuals were Auxiliary Fauna of the
Coleoptera Order and the Hippodamia and Coccinela Families. There were also 2
phytophagous individuals of the Cicadellidae Family.
The olives at the time of the catches were without visible phytosanitary problems and in
good vegetative state. In the catches a total of 10 individuals were identified, being 5
phytophages of the Family Pentatomidae, 1 of the Family Crambidae and 3 Auxiliaries of
the Family Crysopidae.
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Figure 1. Sampling Scheme
! Catches on the Cover crop with grasses:
• 6 Ants - Considered Indifferent
Class: Insect
Order: Hymenoptera
Sub-Order: Apocrita
Super-Family: Vespoidea
Family: Formicidae

• 1 Diptera - need more detail in identification
Class: Insect
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Super-Order: Endopterygota
Order: Diptera

! Catches in Hedges with Herbaceous / Spontaneous Shrub Species:
• 3 Bedbugs - considered as Phytophagous
Class: Insect
Order: Hemiptera
Sub-Order: Heteroptera
Super-Family: Pentatomidea
Family: Pentatomidae

• 1 Wasp - Auxiliary wheel
Class: Insect
Order: Hymenoptera
Super-Family: Apoidea
Family: Sphecidae
Genus: Sceliphron

• 2 cicadas - considered as phytophagous
Class: Insect
66

LIFE17 CCA/ES/000030

Deliverable Action A. 1 – Demonstration areas:
Inventory & Design plans
II. Auxiliary Flora and Fauna Inventory

Order: Hemiptera
Family: Cicadellidae
Gennus: Empoasca

• 35 Coleoptera - Auxiliary Fauna
Class: Insect
Order: Coleoptera
Family: Coccinelidea
Genus: Hippodamia
Genus: Coccinella

! In the Alameda Hedges with Aromatic Species:
• 6 Ants - Considered Indifferent
Class: Insect
Order: Hymenoptera
Sub-Order: Apocrita
Super-Family: Vespoidea
Family: Formicidae

• 52 Aphids - Considered as Phytophagous
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Class: Insect
Order: Hemiptera
Sub-Order: Sternorryncha
Family: Aphididae

• 3 Coleoptera - 2 individuals considered Phytophagous and 1 Auxiliary Fauna
Class: Insect
Order: Coleoptera
Family: Curculionidae (phytophagous)
Family: Coccinelidea (auxiliary)

• 1 Spider - Auxiliary Fauna
Category: Arachnida
Order: Araneae
Sub-Order: Araneomorphae

• 9 Diptera
Class: Insect
Super-Order: Endopterygota
Order: Diptera
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! In the Cups of Olives trees:
• 5 Bedbugs - considered phytophagous
Class: Insect
Order: Hemiptera
Sub-Order: Heteroptera
Super-Family: Pentatomidea
Family: Pentatomidae

• 1 moth - considered phytophagous
Class: Insect
Order: Lepidoptera
Family: Crambidae
Genus: Palpita

• 3 Chrysopas - considered Auxiliary Fauna
Class: Insect
Order: Neuroptera
Super-Family: Chrysopidea
Family: Crysopidae
Genre: Crysoperla
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• 1 Ant - Considered Indifferent
Class: Insect
Order: Hymenoptera
Sub-Order: Apocrita
Super-Family: Vespoidea
Family: Formicidae

4.

La Traversagna farm (Pisa, Italy)

1. Auxiliary flora and fauna inventory

The cover crop was very dense throughout the olive grove, its composition was varied,
from legumes to grasses. For the most part they were bedridden, however there were
some flowering species.
The entire surface of the soil was covered with the remains of the previous cover crop,
thus there is a good quantity of humus (organic matter).
In the natural hedgerows, as they had undergone intervention, there was not a type of
insect capture.
The olive grove had some symptoms of the leaf spot disease, and associated defoliation
No individuals were captured in the olive trees, which can be justified precipitation that
had occurred before the moment of aspiration
II.
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The aspirations were directed to the cover crop, to the hedges for the tops of the olive
trees.
The cover crop was very dense throughout the olive trees, its composition was varied,
from compound, to legumes and grasses. For the most part he was bedridden, yet there
were some flowering species. The entire surface of the soil was well covered with the
remains of the previous cover crop, thus there was a good layer of humus (organic
matter). A total of 25 individuals were identified, including 9 individuals of the
Cicadellidae Family, which as phytophagous animals may be vectors of Xylella
fastidiosa. Another phytophagus found belonged to the Pentatomidae Family and was in
the nymphal state. We found 11 auxiliaries and 3 dipterans that needed more detail in
their identification to determine if they could be auxiliary.
In the natural hedgerows, as they had undergone intervention, there was not a short time
any insect capture.
Olive grove had some symptoms of Peacock Eye (Repillo) and associated defoliation, no
individuals were captured in the olive crowns, which can be justified by the precipitation
that had occurred before the moment of aspiration.
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Figure 1. Sampling Scheme
! On cover crop:
•

9 Cicadelídeos – phitophagus (possible vector of Xylella fastidiosa)

Class: Insecta
Order: Hemiptera
Family: Cicadellidae
Sub- Family: Agalliinae

•

2 Crisopa – Auxiliary Fauna

Class: Inseta
Order: Neuroptera
Super-Family: Chrysopidea
Family: Crysopidae
Genre: Crysoperla

•

2 Coleopterons - Auxiliary Fauna

Class: Insecta
Order: Coleoptera
Family: Coccinelidae
Genre: Hippodamia
Genre: Scymnus

•

2 Bedbugs – Phytophage

Class: Insecta
Order: Hemiptera
Sub-Order: Heteroptera
Super-Family: Pentatomidea

72

LIFE17 CCA/ES/000030

Deliverable Action A. 1 – Demonstration areas:
Inventory & Design plans
II. Auxiliary Flora and Fauna Inventory

Family: Pentatomidae
•

3 Dipterous

Class: Insecta
Super-Order: Endopterygota
Order: Diptera

•

6 Spiders

Class: Arachnida
Order: Araneae
Sub-Order: Araneomorphae

•

1 Antocorídeo

Class: Insecta
Order: Hemiptera
Family: Anthocoridae
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Chapter III. Design Plan

Chapter developed in collaboration with the External Agronomist: Ideagro
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1.

Introduction

According to the results obtained in soil, auxiliary flora and fauna inventories, the
necessary protocols and experimental methods have been design. The action C.2 will be
carried out during the majority of the project (42 months) and will run in parallel to
Action C.1 & C.3 as them are the core implementation of the lines of intervention of the
Resilience project.

2.

Objective

The objective of the trial is demonstrating sustainable best practices and technologies
for intensive Mediterranean olive and almond production systems, on 250 ha in Spain,
Italy and Portugal, that lower their water consumption and carbon footprint, increase
biodiversity and resistance to pests/pathogens without compromising yield.
The guidelines to be followed are:
-

PP 1/135 (4) “Phytotoxicity assessment”

-

PP 1/152 (4) “Design and analysis of efficacy evaluation trials”

-

PP 1/181 (4) “Conduct and reporting of efficacy evaluation trials including good
experimental practice”

-

PM 7/24 (3) Xylella fastidiosa
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3.

Charqueirão farm (Alandroal, Portugal)
X.

Trial Conditions

Tabla 1 Trial conditions
Location

Crop

Area (ha)

Coordinates

Portugal (Alandroal, Évora)

Almonds

50

38,7448377, -7,2341467

XI.

Treatments and applications

In Portugal, 5 treatments are evaluated. The description of each treatment is shown
below:
a) Control plot using conventional methods: Each orchard will recreate their current
management methods.
b) T1: According to the soil analyses and evaluations of the Map2Soil system, in each
plot will be implemented the combination designed in A.1, in order to increase the plant
resilience and also minimize carbon/water footprint.
The biostimulant Procrop ISR and soil bacteria as Contribute IBNP will be applied.
This biofertilizers/biostimulants will improve soil quality and health.
Contribute IBNP: It is a combination of amino acids, selected nutrients and growthpromoting bacteria to optimize the soil microbiome and improve the availability of
nitrogen and phosphorus.
Procrop ISR: Based on Alltech research studies in the field of nutrigenomics about
Saccharomyces cerevisiae SP.1026, it has been designed as a biorational solution for
crop production.
c) T2: Deficit irrigation: Deficit irrigation techniques tailored to each site will be
applied to reduce water consumption. Plant, soil and weather parameters (soil moisture,
stem water potential, evapotranspiration, etc.) will be measured weekly to determinate
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the irrigation scheduling. In addition, tree evolution will be monitored monthly through
different parameters (trunk diameter, canopy development, inflorescence and fruits size)
to evaluate the impact of the deficit irrigation techniques.
d) T3: cover crops: These species that serve as natural enhancers of biodiversity and
restore balance to intensive production ecosystems will be planted and maintained at a
height of 40 cm in these plots, to prove the efficacy compared to other plots and will be
monitored heavily for vector presence.
•

T 3.1 Cover Crop Mixture (H1): 30 Kg/ha. The sowing will take place in September
2019 and will be maintained throughout the project.
Phacelia tanacetifolia
Sinapis alba
Matricaria chamomila
Calendula officinalis
Lupinus luteus
Raphanus sativus

•

T 3.2 Farm cover crop: the vegetable cover of the farm will be maintained.

•

T 3.3 Without cover and tilling: 5 streets will be filled.

The tilling will be

September 2019.
e) T4: A combination of T1, T2 and T3: this treatment aim is to showcase the beneficial
and complementary nature of the measures to increase sustainability against climate
change and resilience of the system. Each campaign the measures will be fine-tuned
providing optimal methods by the end of the project.
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Table 2 Treatments
Treatment

Products

Timing

Mode of
applications

1 l/ha

June

Irrigation

Control (conventional

T0

methods)
Contribute IBNP

T1
Procrop ISR
T2

Deficit irrigation

T3

Cover crops

T4

Dose

0.5

(15 days after

l/ha/week

Contribute IBNP)

Irrigation

T3.1

Cover Crop Mixture

30 kg/ha

September

Sowing

T3.2

Farm cover crop

-

-

-

T3.3

Tilling

-

September

-

T1+T2+T3

The distribution of the treatments has been made based on results of physicochemical
soil analysis and results of soil enzymatic activity, carried out in phase A.1. Distribution
of the treatments plot is observed in the Figure 1. In the T1 treatment plot, an irrigation
tap will be closed to have a control treatment area (T0).
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Figure 1 Portugal plot and distribution of treatments

Design of the T3 treatment plot is observed in Figure 2 and design of the T4 treatment
plot is observed in the Figure 3.
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Figure 2 Cover crop (T3) in Portugal
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Figure 3 Full program plot (T4) in Portugal
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XII.

Experimental design

Treatments will be arranged in a complete block design with 4 repetitions per treatment.
Experimental Unit: 10 trees per repetition.

XIII.

Parameters evaluated

The parameters to be evaluated are:
1. Phytotoxicity: includes modification in the development cycle, thinning,
modification in color, necrosis and deformations according specified in EPPO
guideline PP 1/135 (4) “Phytotoxicity assessment” paragraph 10.9. It will be
evaluated once a month.
2. Drone plant cover temperature. It will be evaluated July 15 and during harvest.
3. Estimation of vegetative development by drone. It will be evaluated July 15 and
during harvest.
4. Stress estimation by drone. It will be evaluated July 15 and during harvest.
5. Satellite canopy cover temperature will be evaluated each 15 days.
6. Climate data collection.
7. Vectors presence inventory.
8. Beneficial insects inventory.
9. Soil analysis will be done 15 days after the application of the bacteria. Samples
are collected at the same initial sampling points.
10. Soil enzymatic activity: 5 enzymes. It will be done 45 days after the application
of the bacteria. Samples are collected at the same initial sampling points.
11. Yield (Almonds): kg/tree
12. Quality (Almonds)
a. Fat (%)
b. Dry matter (%)
c. Humidity

82

LIFE17 CCA/ES/000030

Deliverable Action A. 1 – Demonstration areas:
Inventory & Design plans
III. Design Plan

d. Specific weight
e. Weight 100 fruit (g)
f. Mycotoxins
The timeline of evaluations is shown below:
Table 1 Timing
Parameter
Phytotoxicity

June

July

August

September

Harvest

x

x

x

x

x

Plant cover temperature (drone)

x

x

Vegetative development (drone)

x

x

Stress estimation (drone)

x

x

Satellite vegetable cover temperature (each 15
days)

x

x

Vectors presence inventory

x

x

x

Beneficial insects inventory

x

x

x

Soil analysis

x
45 days after Contribute IBNP
application

Soil enzymatic activity

x
45 days after Contribute IBNP
application

x

x

x

Yield

x

Harvest quality

x

XIV.

Data treatment

The data will be processed through statistical analysis.
During the trial, the status of the trial will be reported periodically. The full report
includes summary, material and methods, treatments and applications, results,
images, graphs, statistics and conclusions.
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4.

El Valenciano farm (Carmona, Spain)

XV.

Trial Conditions

Tabla 3 Trial conditions
Location

Crop

Area (ha)

Spain (Carmona, Sevilla)

Olive

150

XVI.

Treatments and applications

In Spain, 5 treatments will be evaluated. The description of each treatment is shown
below:
a) Control plot using conventional methods: Each orchard will recreate their current
management methods.
b) T1: According to the soil analyses and evaluations of the Map2Soil system, in each
plot will be implemented the combination designed in A.1, in order to increase the plant
resilience and also minimize carbon/water footprint.
The biostimulant Procrop ISR and soil bacteria as Contribute IBNP will be applied.
This biofertilizers/biostimulants will improve soil quality and health.
Contribute IBNP: It is a combination of amino acids, selected nutrients and growthpromoting bacteria to optimize the soil microbiome and improve the availability of
nitrogen and phosphorus.
Procrop ISR: Based on Alltech research studies in the field of nutrigenomics about
Saccharomyces cerevisiae SP.1026, it has been designed as a biorational solution for
crop production.
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c) T2: Deficit irrigation: Deficit irrigation techniques tailored to each site will be
applied to reduce water consumption. Plant, soil and weather parameters (soil moisture,
stem water potential, evapotranspiration, etc.) will be measured weekly to determinate
the irrigation scheduling. In addition, tree evolution will be monitored monthly through
different parameters (trunk diameter, canopy development, inflorescence and fruits size)
to evaluate the impact of the deficit irrigation techniques.
El Valenciano farm will include a renewable energy (solar and wind) source to pump
irrigation water resulting in an expected 20% savings in energy costs.
d) T3: cover crops: These species that serve as natural enhancers of biodiversity and
restore balance to intensive production ecosystems will be planted and maintained at a
height of 40 cm in these plots, to prove the efficacy compared to other plots and will be
monitored heavily for vector presence.
•

T 3.1 Cover Crop Mixture (H1): 30 Kg/ha. The sowing will take place in September
2019 and will be maintained throughout the project.
Phacelia tanacetifolia
Sinapis alba
Matricaria Chamomila
Calendula officinalis
Lupinus Luteus
Raphanus sativus

•

T 3.2 Farm cover crop: the vegetable cover of the farm will be maintained.

•

T 3.3 Without cover and tilling: 5 streets will be filled.

The tilling will be

September 2019.
e) T4: A combination of T1, T2 and T3: this treatment aim is to showcase the beneficial
and complementary nature of the measures to increase sustainability against climate
change and resilience of the system. Each campaign the measures will be fine-tuned
providing optimal methods by the end of the project.
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Table 4 Treatments
Treatment

Products

Dose

Timing

Mode of
applications

1 l/ha

June

Irrigation

Control (conventional

T0

methods)
Contribute IBNP

T1
Procrop ISR
T2

Deficit irrigation

T3

Cover crops

0.5

(15 days after

l/ha/week

Contribute IBNP)

Irrigation

T3.1

Cover Crop Mixture

30 kg/ha

September

Sowing

T3.2

Farm cover crop

-

-

-

T3.3

Tilling

-

September

-

T4

T1+T2+T3

The description of each treatment is shown below:
a) Control plot using conventional methods: Each orchard will recreate their current
management methods.
b) T1: According to the soil analyses and evaluations of the Map2Soil system, in each
plot will be implemented the combination designed in A.1, in order to increase the plant
resilience and also minimize carbon/water footprint.
The biostimulant Procrop ISR and soil bacteria as Contribute IBNP will be applied.
This biofertilizers/biostimulants will improve soil quality and health.
Contribute IBNP: It is a combination of amino acids, selected nutrients and growthpromoting bacteria to optimize the soil microbiome and improve the availability of
nitrogen and phosphorus.
Procrop ISR: Based on Alltech research studies in the field of nutrigenomics about
Saccharomyces cerevisiae SP.1026, it has been designed as a biorational solution for
crop production.
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c) T2: Deficit irrigation: Deficit irrigation techniques tailored to each site will be
applied to reduce water consumption. Plant, soil and weather parameters (soil moisture,
stem water potential, evapotranspiration, etc.) will be measured weekly to determinate
the irrigation scheduling. In addition, tree evolution will be monitored monthly through
different parameters (trunk diameter, canopy development, inflorescence and fruits size)
to evaluate the impact of the deficit irrigation techniques.
Additionally, El Valenciano farm will include a renewable energy (solar and wind)
source to pump irrigation water resulting in an expected 20% savings in energy costs
(see Annex C2_Wind & Solar).
d) T3: cover crops: These species that serve as natural enhancers of biodiversity and
restore balance to intensive production ecosystems will be planted and maintained at a
height of 40 cm in these plots, to prove the efficacy compared to other plots and will be
monitored heavily for vector presence.
•

T 3.1 Cover Crop Mixture (H1): 30 Kg/ha. The sowing will take place in September
2019 and will be maintained throughout the project.
Phacelia tanacetifolia
Sinapis alba
Matricaria Chamomila
Calendula officinalis
Lupinus Luteus
Raphanus sativus

•

T 3.2 Farm cover crop: the vegetable cover of the farm will be maintained.

•

T 3.3 Without cover and tilling: 5 streets will be filled.

The tilling will be

September 2019.
In Spain and Portugal the 3 treatments will be carried out (3.1, 3.2 and 3.3) but in Italy
only 3.1.
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e) T4: A combination of T1, T2 and T3: this treatment aim is to showcase the beneficial
and complementary nature of the measures to increase sustainability against climate
change and resilience of the system. Each campaign the measures will be fine-tuned
providing optimal methods by the end of the project.
The trial area will be divided proportionally into 5 plots, in order to recreate an
experimental method to evaluate the effects of these interventions in the areas of
resilience and sustainability. The distribution of the treatments has been made based on
results of physicochemical soil analysis and results of soil enzymatic activity, carried
out in phase A.1. Distribution of the treatments of the Spain plot is observed in the
Figure 4.

Figure 4 Spain plot and distribution of treatments

XVII. Experimental design

Treatments will be arranged in a complete block design with 4 repetitions per treatment.
Experimental Unit: 10 trees per repetition.
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XVIII. Parameters evaluated

The parameters to be evaluated are:
1. Phytotoxicity: includes modification in the development cycle, thinning,
modification in colour, necrosis and deformations according specified in EPPO
guideline PP 1/135 (4) “Phytotoxicity assessment” paragraph 10.9. It will be
evaluated once a month.
2. Drone plant cover temperature. It will be evaluated July 15 and during harvest.
3. Estimation of vegetative development by drone. It will be evaluated July 15 and
during harvest.
4. Stress estimation by drone. It will be evaluated July 15 and during harvest.
5. Satellite canopy cover temperature will be evaluated each 15 days.
6. Climate data collection.
7. Vectors presence inventory.
8. Beneficial insects inventory.
9. Soil analysis will be done 15 days after the application of the bacteria. Samples
are collected at the same initial sampling points.
10. Soil enzymatic activity: 5 enzymes. It will be done 45 days after the application
of the bacteria. Samples are collected at the same initial sampling points.
11. Yield (Olive): kg/tree
12. Quality (olive)
a. Olive fat yield
b. Quality olive
c. Fat (%)
d. Dry matters (%)
e. Humidity
f. Specific weight
g. Weight 100 olive (g)
h. Phenolic compounds content
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The timeline of evaluations is shown below:
Table 2 Timing
Parameter
Phytotoxicity
Drone plant cover temperature
Drone vegetative development
Stress estimation by drone
Satellite vegetable cover temperature (Each
15 days)
Vectors presence inventory
Beneficial insects inventory
Soil analysis

Soil enzymatic activity

June
x

July
x
x
x
x

August
x

September
x

Harvests
x
x
x
x

x

x

x

x

x

x
x

x
x
x
45 days after Contribute IBNP
application
X
45 days after Contribute IBNP
application

x
x

Yield
Quality

x
x

XIX.

Data treatment

The data will be processed through statistical analysis. During the trial the status of
the trial will be reported periodically. The full report includes summary, material
and methods, treatments and applications, results, images, graphs, statistics and
conclusions.
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5.

La Traversagna farm (Pisa, Italy)

XX.

Trial Conditions

Tabla 5 Trial conditions
Location

Crop

Area (ha)

Italy (Pisa)

Olive

50

XXI.

Treatments and applications

The description of each treatment is shown below:
a) Control plot using conventional methods: Each orchard will recreate their current
management methods.
b) T1: According to the soil analyses and evaluations of the Map2Soil system, in each
plot will be implemented the combination designed in A.1, in order to increase the plant
resilience and also minimize carbon/water footprint.
The biostimulant Procrop ISR and soil bacteria as Contribute IBNP will be applied.
This biofertilizers/biostimulants will improve soil quality and health.
Contribute IBNP: It is a combination of amino acids, selected nutrients and growthpromoting bacteria to optimize the soil microbiome and improve the availability of
nitrogen and phosphorus.
Procrop ISR: Based on Alltech research studies in the field of nutrigenomics about
Saccharomyces cerevisiae SP.1026, it has been designed as a biorational solution for
crop production.
c) T2: Deficit irrigation will not be evaluated in Italy.
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d) T3: cover crops: These species that serve as natural enhancers of biodiversity and
restore balance to intensive production ecosystems will be planted and maintained at a
height of 40 cm in these plots, to prove the efficacy compared to other plots and will be
monitored heavily for vector presence.
•

T 3.1 Cover Crop Mixture (H1): 30 Kg/ha. The sowing will take place in September
2019 and will be maintained throughout the project.
Phacelia tanacetifolia
Sinapis alba
Matricaria chamomila
Calendula officinalis
Lupinus luteus
Raphanus sativus

e) T4: A combination of T1, T2 and T3: this treatment aim is to showcase the beneficial
and complementary nature of the measures to increase sustainability against climate
change and resilience of the system. Each campaign the measures will be fine-tuned
providing optimal methods by the end of the project.
Table 6 Treatments
Treatment

Products

Timing

Mode of
applications

1 l/ha

June

Irrigation

0.5

(15 days after

l/ha/week

Contribute IBNP)

30 kg/ha

September

Control (conventional

T0

methods)
Contribute IBNP

T1
Procrop ISR
T3

Irrigation

Cover crops
T3.1

T4

Dose

Cover Crop Mixture

Sowing

T1+T2+T3

The trial area will be divided proportionally into 5 plots, in order to recreate an
experimental method to evaluate the effects of these interventions in the areas of
resilience and sustainability. The distribution of the treatments has been made based on
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results of physicochemical soil analysis and results of soil enzymatic activity, carried
out in phase A.1.Distribution of the treatments of the Italy plot is observed in the Figure
5.

Figure 5 Italy plot and distribution of treatments

XXII.

Experimental design

Treatments will be arranged in a complete block design with 4 repetitions per treatment.
Experimental Unit: 10 trees per repetition.

XXIII. Parameters evaluated

The parameters to be evaluated are:
1. Phytotoxicity: includes modification in the development cycle, thinning,
modification in colour, necrosis and deformations according specified in EPPO
93

LIFE17 CCA/ES/000030

Deliverable Action A. 1 – Demonstration areas:
Inventory & Design plans
III. Design Plan

guideline PP 1/135 (4) “Phytotoxicity assessment” paragraph 10.9. It will be
evaluated once a month.
2. Drone plant cover temperature. It will be evaluated July 15 and during harvest.
3. Estimation of vegetative development by drone. It will be evaluated July 15 and
during harvest.
4. Stress estimation by drone. It will be evaluated July 15 and during harvest.
5. Satellite canopy cover temperature will be evaluated each 15 days.
6. Climate data collection.
7. Vectors presence inventory.
8. Beneficial insects inventory.
9. Soil analysis will be done 15 days after the application of the bacteria. Samples
are collected at the same initial sampling points.
10. Soil enzymatic activity: 5 enzymes. It will be done 45 days after the application
of the bacteria. Samples are collected at the same initial sampling points.
11. Yield (Olive): kg/tree
12. Quality (olive)
a. Olive fat yield
b. Quality olive
c. Fat (%)
d. Dry matters (%)
e. Humidity
f. Specific weight
g. Weight 100 olive (g)
h. Phenolic compounds content
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The timeline of evaluations is shown below:
Table 3 Timing
Parameter
Phytotoxicity

June

July

August

September

Harvests

x

x

x

x

x

Drone plant cover temperature

x

x

Drone vegetative development

x

x

Stress estimation by drone

x

x

Satellite vegetable cover temperature (Each

x

x

Vectors presence inventory

x

x

x

Beneficial insects inventory

x

x

x

15 days)

x

x

x

x
Soil analysis

45 days after Contribute IBNP
application
X

Soil enzymatic activity

45 days after Contribute IBNP
application

Yield

x

Quality

x

XXIV. Data treatment

The data will be processed through statistical analysis. During the trial the status of
the trial will be reported periodically. The full report includes summary, material
and methods, treatments and applications, results, images, graphs, statistics and
conclusions.
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Annex Plans
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