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1.  Summary  

The following report describes all the activities that have been carried out 

throughout year 2019 on  the demo farms. Due to the differences between the 

farms, each one has been described separately. The objective of this report is to 

collect and present al l the information on the activi ties that have been carried out 

by the project partners to achieve the proposed objectives.  

2.  Introduction  

This report describes the application of the treatments that were carried out in the 

field.  

In action A1, the protocols of the actions that would be ca rried out in each of the 

demo farms were determined, taking into account the characteristics of each one of 

them. For example, a deficit irrigation treatment was established that was going to 

be implemented in each of the far ms, which could not be carried out at La 

Travesagna farm because the farm is below sea level and does not have a irrigation 

system. Therefore, that particular treatment was not carried out in Italy. On the 

other hand, a treatment with green roofs was estab lished which due to technical 

setbacks was delayed and could not be planted in 2019 when the remaining 

treatments were implemented . 

 

3.  Chapters + Results  

This report includes the following chapters:  

-  Chapter I: El Valenciano Farm (Carmona, Sevilla -  Spain)  

-  Chapter II: Herdade do Charq ueirão Farm (Alandroal, Évora -  Portugal)  

-  Chapter III:  La Traversagna Farm (Pisa,  Toscana -  Italy).  
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1. Treatments 
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1.1 Applications 

 

5 treatments were established  (Figure 1) , Table 1 describes each treatment, product, 

dose, timing and mod e of application .  

 

 

Table 1 Treatment, products, dose and date of application 

¢ǊŜŀǘƳŜƴǘ  tǊƻŘǳŎǘǎ  5ƻǎŜ  5ŀǘŜ 

¢л 
/ƻƴǘǊƻƭ  

όŎƻƴǾŜƴǘƛƻƴŀƭ ƳŜǘƘƻŘǎύ 
    

¢м 

a{¢-bt м ƪƎκƘŀ нтκлсκнлмф 

tǊƻŎǊƻǇ L{w  лΦр ƭκƘŀκǿŜŜƪ 

нпκлтκнлмф 
тκлуκнлмф 
нмκлуκнлмф 
ммκлфκнлмф 

¢н 5ŜŦƛŎƛǘ ƛǊǊƛƎŀǘƛƻƴ     

¢о /ƻǾŜǊ ŎǊƻǇǎ     

¢оΦм tƭŀƴǘ /ƻǾŜǊ aƛȄǘǳǊŜ  ол ƪƎκƘŀ   

¢оΦн CŀǊƳ /ƻǾŜǊ /ǊƻǇ -   

¢оΦо ¢ƛƭƭƛƴƎ -   

¢п ¢мҌ¢нҌ¢о 
a{¢-bt όм ƪƎκƘŀύ 
tǊƻŎǊƻǇ L{w  

όлΣр ƭκƘŀκǿŜŜƪύ   

όa{¢-btύ 
нтκлсκнлмф   
tǊƻŎǊƻǇ L{w  
нпκлтκнлмф 
тκлуκнлмф 
нмκлуκнлмф 
ммκлфκнлмф 
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Figure 1 Distribution of the treatments in El Valenciano Farm.  
 

2. Results 

 

In A1 action ( preparatory actions) the parameters  of the project performance 

indicators  were described  and the descriptions of the methods were established. 

After that, in Action D1 each indicator was measured and evaluated. Indicators 

were evaluated visiting El Valenci ano every week to verify the correct 

implementation of the treatments and  its  evolution. The results obtained are 

described b elow.  

 

I. Tree Health 
 

I.1. Nutrient status through foliar analysis 

Foliar analysis is a technique that determines the content of nut rient s at a specific 

time or stage of development  in plant tissues . In order to determine foliar nutrient 
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content leaves were  sampled in preharvest at El Valenciano.  As the treatments  were not 

yet implemented just one foliar analysis was done. Next year one foliar analysis will be 

carried out for each treatment.  

In early September foliar analysis was done on El Valenciano. The results are 

described in the following table  (Table 2) . Measured parameters had normal levels for the 

crop . 

Table 2 Foliar nutrient content El Valenciano farm 

Element  Value  Optimum  

Copper (Cu ppm)  112   
Boron (B ppm)  27.3   
Calcium (Ca%)  1.99  1.7  

Phosphorus (P%)  0.16  0.12  

Iron (Fe ppm)  109   
Magnesium (Mg%)  0.27  0.2  

Manganese (Mn pp m)  64   
Nitrogen (N%)  1.88  1.88  

Potassium (K%)  1.12  0.9  

Zinc (Zn ppm)  38   
N/P  84%   
N/K  67%   
Ca/MG  102%   
Ca/K  74%   

 

I.2. Tree temperature 

Tree Temperature was measured by drone flights during which individual thermal images 

covering all the study are a were taken.  Those images w ere processed  into an 

Ortho mosaic  to extract the information.  

In ñEl Valencianoò farm the drone  flight took place on November 28 th 2019. In general, 

the thermal reflectance of the crop at the time of the flight (November 28, 20 19) showed 

a high homogeneity throughout the project area, where the treatments did not provide a 

clear variation of the thermal reflectance  (Figure 2) .  More particularly, no high thermal 

differences were observed between the treatments where a deficit irrigation strategy had 

been applied  (treatments T2 and T4) and those  treatments where this strategy had not 

been applied (treatments T0, T1 and T3). There fore, the deficit irrigation treatments 

applied did not have a  significant effect on the hydric state of the crop at the date of the 

flight.  Tree temperature was done on pre -harvest stage.  
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Figure 2 Spatial variation of thermal reflectance at pre -harvest stage  in El Valenciano 

farm  

 

I.3. Vegetative development 

From October  1st  2018 up to September 30 th  2019, Greenfield Technologies ha s been 

acquiring, correcting and processing several radiometric bands of satellite images in 

order to evaluate the situation and behavior of the vegetation and i ts evolution  within the 

first - trial year of the LIFE RESILIENCE project.  

For this purpose, hist orical satellite images contained in data banks, as well as those 

generated in the dates described below, were used. The information obtained allowed to 

determi ne the NDVI vegetation index (Normalized Difference Vegetation Index) and to 

evaluate the vegeta tive development during the Project and the presence of physiopathy 

and diseases.  

Furthermore, Greenfield Technologies use s another vegetation index (not includ ed into 

the Action D.1.3) to estimate the relative amount of water (present in vegetation and so il 

in the cases of the woody crops) that helps to analyze better the plant or crop behavior. 
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Thus, the NDWI (Normalized Difference Water Index) is joined to the  data of the LIFE 

Project to enhance the results.  

A five -days period of revisit of the satellite  had been used to acquire all the available 

images, the Action D.1.3 put forward 5 images per year in specific phenological stages:  

¶ Flowering: April 22 nd  2019.  

¶ Pit hardening: June 26 th  2019.  

¶ Oil production initiation: September 9 th  2019.  

¶ Pre-harvest: Novem ber 15 th  2019.  

¶ Post -harvest: December 15 th  2019.  

 

El Valenciano farm presented a fairly homogeneous vegetative development throughout 

the study area in the flow ering stage ( Figure 3), except  in a specific block located 

southeast of the farm due to the presence of cover  crop (T3.2 treatment). This sector 

has the highest NDVI values, which could be confused with the real st ate of the olive 

grove in that same area. In this case , a drone flight m ay be necessary to clarify this 

result . On the contrary, an old water channel c an be glimpsed in the middle area of the 

right part of the farm, with a slight increase in the value of  NDVI in the form of 

meanders. This result indicates that satellite data may also be sufficient to observe the 

vegetative development of crops and thei r variations, both in space and time.  
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Figure 3 Spatial variation of NDVI at flowering stage in El Valenciano farm.  

 

The NDWI humidity index ( Figure 4), also  presented very homogeneous val ues 

throughout the farm, with a tendency towards low  values in the south of it. The above -

mentioned cover crop sector (T3.2 treatment) did not stand out  for this index with 

respect to the rest of the farm, indicating that there was not a high amount of m oisture 

in that area.  
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Figure 4 Spatial variation of NDWI at flowering stage in El Valenciano farm . 

 

The T0 treatment located in the northern area of the farm, in its right part, presented an 

area with low NDVI and NDWI value  (Figure 4).  This area maintained low values 

throughout the season and coincided with one of the areas with the highest water 

retention capacity of the farm (see Map2Soil results). It is possible that soil high water 

re tention produces a reduction in water available to  the plant if it is not well managed, 

causing water stress and the plantôs possible  weakness against diseases . 

 

II. Soil quality 

 

II.1. Available Water Capacity (AWC) 

The AWC is the amount of soil water that i s theoretically available for plants. This 

concept is based on the difference between soil field capacity ï which is the maximum 

amount of water that soil can store ï, and the wilting point of it ï which is the minimum 

amount of water that soil can hold, a nd which is absorbable by the plants . The A WC is 

different for each type of soil. Soil sampling and laboratory analysis were required in 
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order to identify each type of soil present in El Valenciano. The sampling points were 

georeferenced based on the types  of soils identified  by Map2Soil system (Gr eenfield  

Technologies  by AGROD RONE).  

According to the results obtained, it can be conclude d that  the  three intervals of 

available water content ( AWC; Figure 5) can be grouped within the 5  soil types. These 

three intervals vary between 130 and 160 mm of water in 1 cubic meter of soil, i.e., a 

13% to 16% of the total volume of the soil could be fille d with water available for the 

plants. In general, the whole area of study has a medium -  hig h capacity to retain water 

available for the plants.  

 

 

Figure 5 . Map of soil water retention of the plot.  
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Figure 6 Map of infiltration rate of water of the plot, in saturated soil.  

 

Furthermore, infilt ration rate of the water into the soil or Hydraulic Conductivity 

(HCS ; Figure 6), measured in soil saturation stage, is another important soil parameter 

in order to calculate watering doses to be more efficient and avoid diseases.  In this farm, 

HCS have a wide interval w ith a tendency to a very low infiltration rate.  

 

II.2. Physic-chemical analysis 

Soil samples taken from georeferenced points established by the system of 

Map2Soil were  analyzed in laboratory to determinate soil macr onutrients, micronutrients, 

trace elements, carbonates, % sand, clay and silt, and % O.M. (organic matter) oxidable, 

% C total and relation C/N.  The result s are shown in Table 3. 
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Table 3 Soil physic chemical analysis  

 0  1  2  3  4  5  6  7  8  9  10  11  12  

E.C. (dS/m)  

(extract 1:5)  
0.53  0.61  0.62  0.72  0.34  0.79  0.71  0.38  0.59  0.44  0.21  0.36  0.85  

Macronutrients  

%N Total  0.10  0.07  0.09  0.07  0.10  0.09  0.09  0.10  0.10  0.08  0.11  0.05  0.08  

NO 3
-  (mg/kg)  <25  62.09  42.09  <25  <25  32.09  <25  <25  <25  <25  <25  <25  54.82  

P (ppm)  8.60  26.60  3.60  10.40  6.80  6.40  5.80  29.00  12.60  54.60  8.80  45.40  6.00  

K (meq/100 g)  1.03  1.84  1.59  0.79  0.94  0.76  1.29  1.86  1.68  1.42  1.40  1.02  1.10  

Ca (meq/100 g)  20.11  12.51  15.79  15 .63  20.04  19.32  19.46  14.85  15.86  12.51  22.21  8.61  13.53  

Mg (meq/100 g)  6.18  4.89  7.10  3.83  3.80  4.99  5.95  6.51  5.90  5.61  1.15  3.75  5.05  

SO 4
- 2  (meq/100g)  0.66  0.87  0.82  0.66  0.30  0.96  1.04  0.56  0.81  0.56  0.12  0.36  1.22  

Micronutrients  

Fe (ppm)  5.49  3.85  4.93  5.41  5.00  4.49  3.71  4.90  4.53  8.02  3.46  6.02  2.69  

Mn (ppm)  9.60  8.39  8.10  9.19  9.83  13.76  19.16  10.49  10.92  6.16  26.27  8.52  13.21  

B (ppm)  1.09  1.16  1.30  1.53  0.72  0.92  1.07  1.45  0.74  0.75  0.61  0.45  1.12  

Cu (ppm)  4.94  10.49  3.40  5.21  3.47  3.76  3.75  5.13  10.05  12.93  6.34  9.90  2.80  

Zn (ppm)  0.56  1.36  0.25  0.44  0.29  0.42  0.40  0.32  0.44  1.72  0.72  0.79  0.65  

Cl -  (meq/100 g)  1.06  1.14  1.22  2.01  0.51  2.08  1.59  0.51  1.18  0.71  0.27  0.46  2.12  

Oligoelements  

Na (meq/100 g)  2.02  2.14  2.54  1.94  1.20  2.59  3.12  1.77  2.42  1.70  0.01  1.03  3.68  

Organics  

% O.M. Oxidable  1.14  0.84  1.03  0.85  1.22  0.96  1.29  1.06  0.98  0.91  1.45  0.50  1.11  

%C Total  0.86  0.63  0.78  0.64  0.92  0.72  0.98  0.80  0.74  0.68  1.09  0.38  0.84  

C/N  8.82  8.73  8.35  9.02  8.99  8.05  10.31  8.27  7.57  8.07  10. 28  7.49  9.89  

Carbonates  

% CaCO 3  Total  20  34  25  29  28  25  7 12  26  29  5 26  19  

% CaCO 3  active  13.86  10.55  9.55  7.54  11.06  7.54  4.46  2.97  8.42  9.41  4.46  12.38  7.92  

 

II.3. Soil microbiological activity 

In order to determine the microbiologic activity of the soil, the enzymatic activity was 

measured once a year ; A1 action . In D1 action s oil samples were taken from 

georeferenced points  and after that , they  were analyzed in  the  laboratory  in order  to 

determinate biological fertility index and soil enzymatic acti vity such as, Ǧ-glucosidase, 

dehydrogenase, catalase, phosphodiesterase (phosphatase) and urease activities.  To do 

that, several soil samples points were established to pick up around 1 kg of soil in a 

depth around 30 to 40 cm.  
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Figure 7 Soil samples points.  

 

The results of the microbiological activity de termined in laboratory analyses in September 

2019  are shown bellow . In B-Glucosidase, there is an increase in the activity of these 

enzymes equal to or greater than 100% in all sa mpling points, more exponential in 

treatments T1 and T2  (Figure 8) . The activity of this enzyme is linked to the organic 

carbon content of the soil and the degradation of organic matter. There is a better 

contribution of micronutr ients to the crop.  In the case of the catalase enzyme, there are 

no significant differences with respect to the activity of this enzyme between the 

treatments studied  (Figure 9) . On the ot her hand, somewhat lower values were obser ved 

in some sampling points and may be due to tillage of the land.  
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Figure 8 B-Glycosidase values in all the treatments 2018 and 2019  

 

Figure 9 Catalase values in all the treatments 2018 and 2019 . 

Dehyd rogenase activity indicates the fertility of the soil in which is due to microbial 

activity. The values observed for this enzyme remain without significant differences. On 

the other hand  (Figure 10 ) , the decrease  in its activity i s directly linked to the catalase 

enzyme and its mobilization in certain soil bacteria.  With regard to phosphatase activity, 

a higher activity of this enzyme indicates a greater mobilization of phosphorus in 

inorganic form in the soil and  greater availabil ity of this element for the plant. As  can be 

seen in the Figure 11 , the  activity of the enzyme increases considerably from one year to 

the next, especially in the T1 treatment.  

N00	 N03	 N04	 N06	 N08	 N12	 N05	 N11	 N02	 N09	 N01	 N07	 N10	

T0	 T1	 T2	 T3	

2018	 0.5	 0.5	 0.5	 0.6	 0.5	 0.5	 0.5	 0.5	 0.5	 0.6	 0.5	 0.5	 0.5	
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Figure 10  Dehydrogenase activity in all the treatments in 2018 and  2019. 

 

 

Figure 11  Phosphatase activity in all the treatments in 2018 and 2019.  

 

Urease activity indicates the conversion of urea to ammonia by soil microorganisms. As 

can be  seen in Figure 12 , urease activity is strongly diminished, which indicate s that 

there is a good conversion and availability of Nitrogen in the form of ammonium ion in 

the soil, it can also be diminished due to soil fertilization.  The biological fertility index 

indicates an increase in soil fertility due to biological activity, that is, to microbial activity. 

An increase fertility index was observed in general in all treatments ( Figure 13 ).  
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Figure 12  Urease activity in all the treatments  in 2018 and 2019.  

 

 

Figure 13  Biological fertility index in all the treatments in 2018 and 2019.  
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development following the protocol of the laboratory (refer to Guidelines for the survey o f 

Xf  in the Union territo ry, European Commission, 2015).  

Since no symptoms  of disease  had been observed that year  in El Valenciano farm 

and insect vector ha d not been detected on the farm, these disease control analy ses 

were not carried out. Moreover, The Junta de Andalucía is con ducting a disease - tracing 

program throughout the autonomous community. Whenever an alert will be detected in a 

nearby area, sampling will be carried out in El Valenciano farm to determine the disease 

soon as possible.  

 

 

III.2. Insect vectors trap 

Periodica lly, Nutrip rado will evaluate the insects presen t  in the farm.  According to the 

diagnostic protocol adopted by the Standards  Committee on behalf of the Commission on 

Phytosanitary Measures in August 2018 (see Annexes at the end of this document): 

ñVectors should preferably be collected with sweeping nets (adults) or aspirators. 

Sampling for insects should preferably be carried out from late spring until early autumn 

to maximize the likelihood of detecting the bacterium ò.  

The demo site in Italy will trial a  sound trap (nature vector control measures) ï 

i.e.: vector mating call audios to sexually confuse and subsequently trap the vectors ï 

that decreases insecticide , use meaning fewer GHG (greenhouse gas) emissions.  

In order to measure the effect of a certain  hedgerow or cover crop on vector 

presence, a detailed map of hotspots will be made. On this basis Nutr iprado (in all trial 

areas) will implement a vacuum technique and ñpitfall trapsò around the specific area 

which will collect all manner of insects in a fast and effective way. In problem atic  areas 

further natural vector control measures (i.e. simple traps ) will be placed, treating vector 

presence locally and effectively.  

 

IV. Weather 

 

IV.1. Weather conditions  

The weather information was obtained from darksky .net and is given from a period of 

time from October 2018 to December 2019.  
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¶ A table of the principal weather parameters, resume d by months, is presented 

below  

o Maximum temperature (ºC)  

o Average temperature (ºC)  

o Minimum temperature (ºC)  

o Average wind speed (m /s).  

o Average wing bearing (º)  

o Precipitation (mm).  

o Cumulative precipitation (mm).  

o Average Re lative Humidity (%).  

o Reference evapotranspiration or ETo (mm/day).  

o Cumulative ETo (mm/month).  

¶ A climogram with the following parameters is presented below  

o Maximum t ime temperature.  

o Average time temperature.  

o Minimum time temperature.  

o Cumulative precipitation, by months.  
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V. Quality 

 

The specific weight of the olives is one of the quality parameters. This parameter was 

improved due to treat ments application. T2 and T4 improved specific weight by 3% with 

respect to T0 control treatment . Moreover, T2 treatment improves specific weight by  4% 

in comparison with T0 treatment ( Figure 14 ).  

 

Figure 14  Specific weight.  

 

Similar results were observed with respect to the weight of 100 fruits. This time it was in 

T1 where better results were observed, with the increase in weight of 100 fruits of 15% 

in T1 and 11% in T2. On the other han d, in treatment T4, a decrease of 8% wa s 

observed in the weight of 100 fruits  (Figure 15 ) . 

The size of the fruit was also increased by the application of the treatments. Again , 

treatments T1 and T2 increased fruit s ize by 2 and 5% respectively ( Figure 16 ).  
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Figure 15  100 fruits weight.  

 

 

Figure 16  Fruit size.   
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V.1. Organoleptic characteristics (olive oil)  

The olive tree f ru its and olive oil obtained was annually evaluated to determine its 

quality by means of the following parameters: (i) content of fatty acids and volatile 

compounds present in green olives and their oil; (ii) total phenolic compounds; and ( iii) 

sensory ana ly sis.  

i-Fatty acid content  and volatile compounds  

Given that the covers crops (T3 and T4) had not been sown yet ,  there were still 

no differences between T0, T3 and T4. Therefore, the fatty acid profile analysis was 

performed only in T2 treatment. The maj or ity fraction of the oil (95%) is mainly made up 

of triglycerides and to lesser extent, of diglycerides, monoglyc erides and free fatty acids. 

The fatty acid composition varies depending on the variety, climate and soil; but olive oil 

is characterized by b eing high in monounsaturated fatty acids , with oleic being the main 

fatty acid with a concentration that varies be tween 68 -82%.  Table 4 shows the fatty acid 

profile identified and quantified in the 2 oil samples. As expected, oleic  acid was the 

majority compound (655 g/L mean values of the 2 treatments), followed by palmitic acid 

(152 g L -1), linoleic (114 g L -1), stearic (18.0 g L -1), palmitoleic (12.2 g L -1), ὄ-Linolenic 

(5.14 g L -1), and arachidic (4.09 g L -1) . Typical values for Arbequina variety that 

prod uces oils that are low in monounsaturated fatty acids (AGM) and high in 

polyunsaturated fatty acids (AGP), which makes them more sensitive oils to heat 

treatment. The fatty acid profile was not affected by th e irrigation treatment.  
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Table 4 Olive oil fatty acid content  

Fatty acids   T0 (g/L)  T2 (g/L)  

C16:0 (Palmitic)  153  152  

C16:1 (Palmitoleic)  12.5  11.9  

C17:0 (Margarico)  1.13  1.17  

C17:1 cis (Heptadecenoic)  2.08  2.16  

C18:0 (Stearic)  17.9  18.5  

C18:1 cis-9 (Oleic)  653  656  

C18:2 cis-6 cis-9 cis-12 (Linoleic)  114  114  

C18:3 n6 cis -6 cis -9 cis -12 ( Ŭ-Linoleic)  5.12  5.15  

C20:0 (Arachic)  4.06  4.12  

C20:1 n9 cis -11(Gadoleic)  2.88  2.84  

C22:0 (Behenic)  2.3  1.31  

C24:1n9c (Nervonico)  0.33  0.33  

Ǵ AGS  178  177  

Ǵ AGM  671  673  

Ǵ AGP   119  120  

Fatty acids Omega - 3  5.12  5.15  

Fatty acids Omega - 6  114  114  

 

The analysis of the volatile compounds present in olives or olive oil is carried out 

following a procedure in which a microextraction of headspace in solid phase is carried 

out. From a representative sample of olives or oil, the volatile compounds prese nt ar e 

extracted by means of an automatic stirring for 15 minutes and at a controlled 

temperature at 40°C of a solution composed of the sample, salt and ultrapure water . In 

this analysis, a DVB / CAR / PDMS 50/30 ȉm fiber is exposed to the headspace. After 

sampling, the desorption of the volatile substances from the fiber coating is carried out at 

the injection port of the GC -MS for 3 min. All the compounds reported w ere  identified by 

3 simultaneous methods: (1) retention rates, (2) GC -MS retention times (authentic 

chemicals) and (3) mass spectra (authentic chemicals and the collection of Wiley's 

spectral library).  

Volatile compounds are responsible for the aroma of extra  virgin olive oil that 

helps differentiate it from the rest of edible oils. Table 5 shows the profile of volatile 

compounds, the description of the aro mas that each one generates and the concentration 

of each compo und (%). In this study, 14 volatile compounds were identified in the oil 

from ñEl Valencianoò farm. The majority compound was 2-Hexenal, followed by 1 -

Hexanol and 2 -Hexenol. T2 treatment oil ob tained higher values in volatile compounds 

that generate arom as of apples, almonds, bananas and fresh grass (ethanol, cis -2-

pentenol, and 3 -hexenol respectively). While  the oils from the T0 treatment were 
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characterized by aromas of mustard, balsamic, gre en, pungent, tomato, etc. (3 -

pentanone, 1 -pentanol, hexanal, 1 -hexanol, etc.).  

 

Table 5 Volatile compounds and aroma related  

Retention 

time  Chemicals  Aroma   

T0  

(%)  

T2  

(%)  

V1  1.702  Ethanol  Apple, sweet   2.13b  4.70a  

V2  2.549  2-Pentanone  Fruit, apple, pineapple  1.12  0.93  

V3  2.625  3-Pentano ne Green mustard  0.57a  0.32b  

V4  3.458  1-Pentanol  Balsamic, fruity, pungent  0.27a  0.14b  

V5  3.502  Cis-2-Pentenol  Almond, banana, fruity  0.13b  0.21a  

V6  3.826  Octane  Gasoline   0.17  0.2  

V7  3.898  
Hexanal  

Apple, banana, freshly cut 

herb  5.69a  4.31b  

V8  4.9 58  2-Hexenal  Almond, apple  52.3  60.4  

V9  5.043  3-Hexenol  Apple, banana, fresh, herb  4.13b  5.82a  

V10 5.263  2-Hexen -1-ol  Apple, flowers, fruit, grass  12.7a  9.14b  

V11 5.336  1-Hexanol  Banana, fruit, tomato  14.7a  10.1b  

V12 9.213  
Cis-3-Hexen -1-ol 

acetate  Green, banana  3.33a  1.86b  

V13 9.433  Hexil acetate  Green, fruit, sweet  2.48a  1.55b  

V14 10.029  Limonene  Citric, herb   0.29  0.36  

The values (mean  of 3 repetitions) followed by different  letter within the same line, 

present statistically significant differen ces (p> 0.05) according to Tukey Multiple Range 

Test.  

ii) Total phenolic compounds  

As Table 6 shows total phenolic content was improved by T2 treatment in comparison to 

T0 control treatment. In this sense, T2 treat ment  increase olive oil GAE by 21% respect 

to control.  

Table 6 Total Phenolic content (g GAE/L)  

 T0  T2  

g GAE/ L  688  862  

 

iii ) Sensory analysis  

Finally, after the sensory analysis, the 2 oils were classified as extra virgin and the  

results are presented in Table 7. As can be seen, the sensory profile of the 2 oils  is 
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similar, with small differences in terms of the spicy attribute that is higher in T2 oil. This 

coincides with the high values of the antioxidant activity and the content of total phenols 

since the polyphenols are responsi ble for the somatosensory sen sation "itchy" in olive oil. 

From an organoleptic point of view, according to what is established by current 

regulations (EEC Regu lation No. 2568/91), the two oils can be considered medium fruity 

because the median of  the two i s between 3.0 and 6.0 as tabl e 4 shows.  

Table 7 Sensory analysis  

Sensory attribute  T0  T2  

Fruity (olive)  5.5  5.6  

Fruity (green)  3.6  4 

Fruity (ripe)  4 3.8  

Floral  1.3  1.3  

Tomato  1.7  1.6  

Green (artichoke)  0.9  1.3  

Green (avocado)  1.3  1.3  

 Green (banana)  0.6  0.8  

Green (herbal)  2.9  3 

Green (grass)  3.6  3.9  

 Green (pepper)  1.8  2.3  

Apple  0.8  0.9  

Buttery  1.2  1.3  

Almond  1 1 

Nut  0.9  0.9  

Wood  0.8  0.8  

Pine tree  0.8  0.7  

Sweet  1 1.4  

Acid  1.4  1.4  

Bitter  2 2.3  

Rusty  0 0 

Rancid  0 0 

Mold  0 0 

Remains  0 0 

Haun ted  0 0 

 Astringent  1.3  1.5  

 Hot spicy  2.3 b  3.1 a  

Viscosity  3 3 

   
The values (mean of 3 repetitions) followed by differen t letter within the same line, present 

statistically significant differences (p> 0.05) according to Tukey Multiple Range Test.  
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VI. Water use 

 

VI.1. Water use efficiency (WUE) 

 The WUE is the relation b etween water consumed (m 3) by the crop and water 

applied (m 3). Both values are calculated each year.  

 T0  T1  T2  T3  T4  

WUE 2.03  2.03  2.36  _ 2.36  

 

VI.2. Irrigation water productivity (IWP) 

 The IWP is the relation between annual yield (kg) and water applied  (m 3). Both 

values are calculated each year.   

 

 T0  T1  T2  T3  T4  

IWP 7.45  7.81  8.56  -  9.22  

 

 

VI.3. Stem water potential (SWP) 

 The SWP was  measured by the Scholander pressure chamber on mature leaves 

to determine water status in olive trees during the growi ng season. The measures were 

taken every week to schedul e the irrigation following the Hydrosustainable Protocol 

(GALPAGRO).  
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Figure 17  SWP El Valenciano Farm 2019.  

 

 

VII. Carbon footprint 
 

VII.1. CO2 emitted during the agricultural processes 

 CO2 emitted in each farm will be described at the end of the project.  In order to 

do that , annual CO 2 emitted in each farm will be estimated by Carbon Footprint 

Assessment ISO/TS 14067:2013.  
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VIII. Biodiversity 

 

VIII.1. Auxiliary fauna  

 At  the date of  the presentation of this report, nests hotel and inse ct boxes had 

not yet been installed. Occupancy rate of hotels nests and insect boxes will be 

determined by visual counting  every autumn . 

The second year after nest s hotels and insect boxes collocation (sprin g/summer) ,  we will 

have definitive, visible resul ts.  
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1. Treatments  

Action C2 T0 - control T1  T2 - Deficit irrigation T3- Cover crops T4 (combination T1-T2-T3) 

  Traditional management T1 - IBNP +ISR       

H. Charqueirao - PT 

1.Soil: tillage (3/year) and 

herbicide (3/year). 

 

2.Irrigation: on demand (March-

October) 

 

3.Pests: Myzus persicae, 

Tetranychus urticae, Monosteira 

unicostate, Capnodis tenebrionis, 

Anarsia lineatella, Empoasca spp. 

Total treatments (4/year) 

 

4. Diseases: Fusicoccum amygdali, 

Monilia laxa, Polystigma 

ochraceum, Gloesporium 

amygdalinum, Phythopthora sp. 

Total treatments (4/year) 

 

5.Nutrition: soil (1/year), 

fertigation (12/years) and foliar 

(6/year) 

 

6.Prunning: Formation pruning 

(1/year)  

 

7.Harvent: August (1 /year) 

1.Soil: tillage (3 times/year) and 

herbicide (3 times/year) and IBNP 

(1/year; dose: 1 kg/ha) 2/06/2020  

+ ISR (2 times/year; dose: 1 L/ha) 

16/06/2020 and 29/06/2020. 

 

2.Irrigation: on demand (March-

October) . 

 

3.Pests: Myzus persicae, 

Tetranychus urticae, Monosteira 

unicostate, Capnodis tenebrionis, 

Anarsia lineatella, Empoasca spp. 

Total treatments (4/year) 

 

4.Diseases: Fusicoccum amygdali, 

Monilia laxa, Polystigma ochraceum, 

Gloesporium amygdalinum, 

Phythopthora sp. Total treatments 

(4/year) 

 

5.Nutrition:  soil (1/year), fertigation 

(12/years) and foliar (6/year) 

 

6.Pruning: Formation pruning 

(1/year)  

 

7.Harvest: August (1/year) 

1.Soil: tillage (3 times/year) and 

herbicide (3 times/year)  

 

2.Irrigation: On demand (March-

June)-(September-October) and 

deficit irrigation (July-August). 

 

3.Pests: Myzus persicae, 

Tetranychus urticae, Monosteira 

unicostate, Capnodis tenebrionis, 

Anarsia lineatella, Empoasca spp. 

Total treatments (4/year) 

 

4.Diseases: Fusicoccum amygdali, 

Monilia laxa, Polystigma 

ochraceum, Gloesporium 

amygdalinum, Phythopthora sp. 

Total treatments (4/year) 

 

5.Nutrition: soil (1/year), 

fertigation (12/years) and foliar 

(6/year) 

  

6.Pruning: Formation pruning 

(1/year) 

 

7.Harvest: August (1/year) 

 1.Soil: tillage (1/year), 

herbicide (2/year), cover crop: 

sow (10/2019), and weed 

(1/year). 

 

2.Irrigation: on demand 

(March-October)  

 

3.Pests: Myzus persicae, 

Tetranychus urticae, 

Monosteira unicostate, 

Capnodis tenebrionis, Anarsia 

lineatella, Empoasca spp. Total 

treatments (4/year). 

 

4.Diseases: Fusicoccum 

amygdali, Monilia laxa, 

Polystigma ochraceum, 

Gloesporium amygdalinum, 

Phythopthora sp. Total 

treatments (4/year) 

 

5.Nutrition: soil (1/year), 

fertigation (12/years) and foliar 

(6/year) 

 

6.Pruning: Formation pruning 

(1/year) 

7.Harvest: August (1/year) 

1.Soil: tillage (1/year), herbicide 

(2/year), cover crop: sow 

(1/year), weed (1/year), IBNP 

(1/year) 2/06/2020 and ISR 

(2/year) 16/06/2020 and 

29/06/2020 .  

2.Irrigation: On demand (March-

June)-(September-October) and 

deficit irrigation (July-August). 

 

3.Pests: Myzus persicae, 

Tetranychus urticae, Monosteira 

unicostate, Capnodis tenebrionis, 

Anarsia lineatella, Empoasca spp. 

Total treatments (4/year) 

 

4.Diseases: Fusicoccum amygdali, 

Monilia laxa, Polystigma 

ochraceum, Gloesporium 

amygdalinum, Phythopthora sp. 

Total treatments (4/year). 

 

5.Nutritionn: soil (1/year), 

fertigation (12/years) and foliar 

(6/year) 

 

6.Pruning: Formation pruning 

(1/year)  

7.Harvest: August (1/year) 
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Due to Herdade do Charqueirão Farm situation a special treatment design was 

done in order to have compara ble  results. Figure 18  shows pl ot distribution on 

Herdade do Charqueirão Farm.  

 

Figure 18  Plot distribution in Herdade do Charqueirão Farm  

 

1.1. Applications 

I n early June 2019 T1 treatment was stated. The first biostimulant MST -NP 

was applied on June 12 nd  in a dose  of 1 kg/ha. According to the protocol a 

second biostimulant was applied every 15 days as shown in  Table 8. In 

addition , T4 treatment started at the same date , as shown in  Table 8  

 

T1

T2

T4

T3

T0

T0
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Table 8 Treatments;  products, dose and date on Herdade do Charqueirão Farm  

Treatment  Products  Dose  Date  

T0  

Control  

(Conventional 

methods)  

  

T1  

MST-NP 1 kg/ha  12/06/2019  

Procrop ISR  0.5 l/ha/week  

26/06/2019  

15/07/2019  

31/07/2019  

T2  Deficit irrigation    

T3  Cover crops   2020  

T3.1  Plant Cover Mixture  30 kg/ha  2020  

T3.2  Farm Cover Crop  -  2020  

T3.3  Tilling  -  2020  

T4  T1+T2+T3  

MST-NP (1 kg/ha)  

Procrop ISR  

(0,5 l/ha/week)  

(MST -NP) 

12/06/2019  

Procrop ISR  

26/06/2019  

15/07/20 19  

31/07/2019  

 

2. Results 

 

The following parameters were evaluated:  

Phyto toxicity  

In order to determine phytotoxicity symptoms after biostimulants application , 

treated plants w ere  observed every 7 days. In this sense, t reated plants  
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showed  no  phytotox icity  symptoms after treatments application , as shown in 

Figure 19  

 

Figure 19  Plants after T1 and T4 treatments . 

 

I. Tree Health 
 

I.1. Nutrient state through foliar analysis 

As described  on A1 ac tion, crop nutrient state was determined through  foliar 

analysis. In Charqueirão  farm leaves samples w ere  collected before harvest  on 

July 2019 . All the treatments described normal values for the crop as shown in 

Table 9.  

Table 9 Foliar analysis in all the treatments 

 T0 T1 T2 T3 T4 

Phosphorus 

(P%)  0.15  0.19  0.2  0.15  0.13  

Nitrogen 

(N%)  2.59  2.57  2.61  2.52  2.55  

Potassium 

(K%)  1.58  1.56  1.48  1.54  1.5  

 

I.2. Tree temperature 

Tree Temperature was measured by drone flights during which individual 

thermal images covering all the study area were taken.  Those images w ere  

processed into an Orthomosaic to extract the information.  GREENFIELD carried 

T1 T0 T4 
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out a drone flight with a thermal camera over the Charqueirão farm to 

measure the  tree temperature and its spatial distribution in the pre -harvest 

stage (August, 17 th  2019). The thermal reflectance (or temperature) in the T1 

treatment reached the highest temperature values but also the lowest, 

showing that canopy temperat ure variations  are due to the type of soil on the 

farm. In addition, treatments T2, T4 and T0 experienced similar temperature 

variations. These results obtained in pre -harvest on the crop in the 

Charqueirao farm are not conclusive since the distribution of  the thermal 

reflectance gradient seems to be more influenced by the type of soil than by 

the treatments or the crop variety. The results observed are probably due to 

the slow response of woody crops to the modification of factors such as 

irrigation. An ex haustive study  of images or satellite data complemented with 

the remaining thermal flights scheduled in the following campaigns , will allow 

to establish clearer behaviour patterns in this crop.  

 

Figure 20 . Spatial variation of the rmal reflectance at pre -harvest  sta ge in 

Charqueirão farm  

I.3. Vegetative development 

From October 1 st  2018 up to September 30 th  2019, Greenfield Technologies 

has been acquiring, correcting and processing several radiometric bands of 
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satellite images in or der to evaluate the situation and behavior of the 

vegetation and its evolution within the first - trial year of the LIFE RESILIENC E 

project.  

For this purpose, historical satellite images contained in data banks, as well 

as those generated in the dates descr ibed below, were used. The information 

obtained allowed to determine the NDVI vegetation index (Normalized 

Difference Vegetation  Index) and to evaluate the vegetative development 

during the Project and the presence of physiopathy and diseases.  

Furthermore,  Greenfield Technologies uses another vegetation index (not 

included in the Action D.1.3) to estimate the relative amount of wat er (present 

in vegetation and soil in the cases of the woody crops) that helps to analyze 

better the plant or crop behavior. Thu s, the NDWI (Normalized Difference 

Water Index) is joined to the data of the LIFE Project to enhance the results.  

A five -days pe riod of revisit of the satellite had been used to acquire all the 

available images, the Action D.1.3 put forward 5 images per ye ar in specific 

phenological stages:  

¶ Pit hardening: June 21 st  2019.  

¶ Fruit ripening: July 9 th  2019  

¶ Pre-harvest: August 5 th  2019.  

¶ Post -harvest: September 27 th  2019.  

In the stage of pit hardening, the differences in vegetative development  

and in the NDWI index  (Figure 21  and  Figure 22 ) were less marked, 

although the relative differences in the initial state of both paramete rs 

presented in flowering c ould  still be observed. The T2 treatment (defic it 

irrigation) showed in this state a reduction in the NDWI index, according to 

the T1 treatment, and, this result can be observed in its relative evolution 

compared to the T0 treatment. T3 and T4 treatments incre ased vegetative 

development and plant moist ure since flowering.  
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Figure 21  Spatial variation of NDVI at pit hardening stage in Charqueirão farm  

 

Figure 22  Spatial variation of NDWI at pit hardening stage in 

Charqueirão farm  
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From the stage of pit h ardening, and until post -harvest, the values obtained from NDVI 

and NDWI varied, but not significantly ( Figure 23  to Figure 28 ) . The NDVI index was 

reduced, while the NDWI index increased, but the relative differences between the 

different areas of the crop remained stable from pit hardening stage. For this reason, th e 

changes made in the management of the crop since this phase seemed to have no  

substantial effect. It is possible that the period between flow ering and pit hardening is 

crucial in a semi -arid environment such as the location of the Charqueirao farm.  

 

Figure 23  Spatial variation of NDVI at oil production initiation stage in Charqueirão farm.  
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Figure 24 . Spatial variation of NDWI at oil production initiation stage in Charqueirão 

farm.  

 

Figure 25 . Spatial variation of NDVI at pre -harvest stage in Charqueirão farm.  
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Figure 26 . Spatial variation o f ND WI at pre -harvest  stage in La Traversagna farm.  

 

Figure 27 . Spatial variation of NDVI at post -harvest stage in Charqueirão farm.  
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Figure 28 . Spatial variation of ND WI at post -harvest stage in Charquei rão farm  

 

II. Soil quality 

 

II.1. Available Water Capacity (AWC) 

The AWC is the amount of soil water that is theoretically available for 

plants. This concept is based on the difference between soil field capacity ï 

which is the maximum amount of water that so il can store ï, and the wilting 

point of it ï which is the minimum amount of water that soil can hold, and 

which is absorbable by the plants ï. The AWC is different for each type of soil. 

Soil sampling and laboratory analysis were required in order to iden tify each 

type of soil present in  Charqueirão farm . The sampling points were 

georeferenced based on the types of soils identified  by Map2Soil system 

(Greenfields by AGRODONE).  

According to the results obtained, it can be concluded that the three intervals 

of available water content obtained ( AWC;  Figure 29 ) can be grouped within 

the 5 soil types. These three intervals vary between 130 and 150 mm of water 



LIFE17 CCA/ES/000030                       Deliverable Action C.2: Demonstration in trial areas 

II. Herdade do Charqueirão Farm (Alandroal, Évora - Portugal) 

 

 

                                                                 45                                                                    
    

in 1 cubic meter of soil, i.e., a 13% to 15% of the total volume of the soil 

could be filled with water available for the plants. In general, the whole area of 

study has a medium -  high capacity to retain water available for the plants.  

 

Figure 29 . Map of soil water retention of the plot.  

 

Furthermore,  the  infiltration rate of the water into the soil or Hydraulic Conductivity 

(HCS;  Figure 30 ), measured in soil saturation stage, is another important soil parameter 

in order to calculate watering doses to be more efficient and avoid dise ases. In this farm, 

HCS have a wide interval wi th a tendency to a low infiltration rate.  
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Figure 30 . Map of infiltration rate of water of the plot, in saturated soil.  

 

 

II.2. Physic-chemical analysis 

Soil samples taken from georef erenced points established by the 

system of Map2Soil were analyzed in  the  laboratory in order to determinate 

soil macronutrients, micronutrients, oligoelements, carbonates, % sand, clay 

and silt, and % O.M. (organic matter) ox idable, % C total and relation  C/N.  
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 0  1  2  3  4  5  6  7  8  9  10  11  12  

E.C. (dS/m)  

(extract 1:5)  
0.17  0.21  0.25  0.20  0.31  0.25  0.19  0.25  0.20  0.20  0.25  0.20  0.25  

Macronutrients  

%N Total  0.13  0.11  0.08  0.04  0.08  0.11  0.09  0.12  0.11  0.11  0.10  0.10  0.10  

NO 3
-  (mg/kg)  <25  67.55  <25  <25  < 25  43  <25  80.27  <25  <25  108.45  33  <25  

P (ppm)  22.4  18.6  6.6  13.4  3 3.6  3.8  5 3.8  17.2  7.2  14.4  9 

K (meq/100 g)  0.70  0.17  0.02  0.20  0.13  0.36  0.38  0.25  0.40  0.45  0.20  0.24  0.19  

Ca (meq/100 g)  5.02  1.73  2.91  3.08  9.87  17.60  22.89  18.18  22.59  14.73  14.86  13.55  13.02  

Mg (meq/100 g)  1.34  0.71  1.84  1.39  5.06  6.25  1.76  3.61  1.89  3.65  2.39  7.63  1.83  

SO 4
- 2  (meq/100g)  0.12  0.16  0.20  0.13  0.24  0.19  0.09  0.22  0.10  0.13  0.11  0.17  0.12  

Micronutrients  

Fe (ppm)  80.54  71.16  16.54  29.69  12.06  13.65  6.06  12.39  4.80  13. 87  3.93  17.59  5.22  

Mn (ppm)  14.92  46.58  13.70  14.18  10.71  7.55  8.72  10.39  6.77  28.46  6.61  18.16  9.48  

B (ppm)  0.48  0.40  0.19  0.25  0.09  0.29  0.28  0.36  0.26  0.50  0.24  0.39  0.27  

Cu (ppm)  26.80  2.24  1.96  2.37  1.87  2.12  1.66  2.70  3.35  5.36  2.19  3.61  2.96  

Zn (ppm)  0.88  0.52  0.34  0.45  0.33  0.27  0.23  0.51  0.24  0.58  0.23  0.84  0.44  

Cl -  (meq/100 g)  0.09  0.33  0.45  0.35  0.43  0.32  0.21  0.36  0.24  0.30  0.32  0.29  0.26  

Oligoelements  

Na (meq/100 g)  0.12  0.28  0.32  0.24  3.19  0.52  0.06  0.51  0.15  0.20  0.17  0.31  0.22  

Organi cs  

% O.M. Oxidable  1.53  1.47  1.19  0.57  0.96  1.45  1.27  1.19  1.27  1.42  0.93  0.98  1.19  

%C Total  1.98  1.92  1.55  0.74  1.24  1.88  1.65  1.55  1.65  1.85  1.21  1.28  1.55  

C/N  8.97  9.97  11.59  10.71  8.51  9.73  10.79  7.73  8.99  9.58  7.38  7.66  9.19  

Carbonates  

% CaCO3 To tal  3 3 5 3 6 9 5 4 13  4 41  3 51  

% CaCO3 active  1.49  2.99  3.48  1.99  4.98  2.99  2.99  3.48  6.97  2.99  12.94  2.49  11.94  

 

 

II.3. Soil microbiological activity 

Soil samples taken from georeferenced points were analyzed in  the  

laboratory to determinate biologica l fertility  index and enzymatic activity such 

as, Ǧ-glycosidase , dehydrogenase, catalase, phosphodiesterase (ph osphatase) 

and urease activity . In 2018 b -Glycosidase activity was very low in all the 

treatments except in control treatment. However an increment was obse rved 

in b -Glycosidase activity in 2019 in T1 to T4 treatments  (Figure 31) . There is a 
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very high increase in the activity of this enzyme, highlighting the treatment 

T1, T2 and T4 for their homogeneity of growth, therefore the degra dation of 

organic matter and the contribution of micronutrients to the crop was 

improved.  Catalase activity was increased also in all the treatments in 2019  

(Figure 32) . its activity is increased in all treatments due to the activ ity of 

aerobic organisms in the soil, the increas e in the activity of this enzyme is 

directly related to soil fertility. Catalase activity contributes to the destruction 

of aerobic phytopathogenic bacteria and most of the facultative ones.  

 

Figure 31 B-Glycosidase activity in all the treatments in 2018 and 2019. 

 

N07	 N08	 N00	 N01	 N02	 N03	 N04	 N09	 N10	 N11	 N12	 N05	 N06	

T0	 T1	 T2	 T3	 T4	

2018	 1.7	 1.3	 1.0	 0.8	 0.9	 1.1	 1.9	 0.7	 0.2	 0.8	 1.2	 2.1	 1.5	

2019	 0.8	 0.4	 1.1	 0.9	 0.8	 0.8	 0.9	 1.0	 0.7	 1.3	 0.9	 1.0	 0.9	
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Figure 32 Catalase activity in all the treatments in 2018 and 2019. 

 

The activity of the dehydrogenase enzyme is related to the microbial activi ty of 

the soil and its fertility. Therefore, as it is appreciated in the firmness the 

fertility of the soil in the crop improves from one year to the next, the 

treatments T1, T2 and T4 stand out, whose growth is greater than 50%. In 

addition, this enzyme i s linked to cat alase and a correlative increase of both is 

observed.  

Regarding phosphatase activity, an improvement in the degradation of 

phosphorus to an inorganic form in the soil is observed in a moderate way, 

except in treatment T1 . 

N07	 N08	 N00	 N01	 N02	 N03	 N04	 N09	 N10	 N11	 N12	 N05	 N06	

T0	 T1	 T2	 T3	 T4	

2018	 338.6	 300.3	 244.4	 290.1	 515.3	 285.8	 255.4	 283.4	 274.3	 270.5	 294.9	 304.2	 254.8	

2019	 504.0	 506.6	 280.1	 608.0	 646.3	 694.4	 537.1	 638.7	 613.2	 547.6	 527.9	 572.4	 585.6	
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Figure 33 Dehydrogenase activity in all the treatments in 2018 and 2019. 

 

 

Figure 34 Phosphatase activity in all the treatments in 2018 and 2019. 
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Figure 35 Urease activity in all the treatments in 2018 and 2019. 

 

 

 

 

Figure 36 Biological fertility index in all the treatments in 2018 and 2019. 
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III. Disease prevalence 

 

III.1. Xylella fastidiosa disease control 

In Action A1 sampling, transport and preservation of the samples wer e 

established. Indeed, plant tissues w ere sample d at a specific time or stage of 

development following the protocol of the laboratory (refer to Guidelines for the survey of 

Xf  in the Union territory, European Commission, 2015) . 

Since no symptoms ha d been ob served that year  in Charqueirão farm and insect 

vector ha d not been yet detected on the farm, these disease control analyzes have not 

been carried out yet. At the time a vector or symptom of disease will be detected in a 

near by area, samplings will be carr ied out in Charqueirão farm to determine the disease 

prevalence as soon as possible.  

III.2. Insect vectors trap 

Periodically, Nutriprado will evaluate the insectôs presence in the farm.  

According  to the diagnostic protocol adopted by the Standards Committe e on 

behalf of the Commission on Phytosanitary Measures in August 2018 (see 

Annexes at the end of this document): ñVectors should preferably be collected 

with sweeping nets (adults) or aspirators . Sampling for insects should 

preferably be carried out from late spring until early autumn to maximize the 

likelihood of detecting the bacterium ò.  

The demo site in Italy will trial a sound trap (nature vector control 

measures) ï i.e.: vector mating call audios to sexually confuse and 

subsequently trap the vectors ï that decreases insecticide use meaning fewer 

GHG (greenhouse gas) emissions.  

In order to measure the effect of a certain hedgerow or cover crop on 

vector presence, a detailed map of hotspots wi ll be made. On this basis 

Nutriprado (in all trial areas) wil l implement a vacuum technique and ñpitfall 

trapsò around the specific area which will collect all manner of insects in a fast 

and effective way. In problem atic  areas , further natural vector cont rol 

measures (i.e. simple traps) will be placed, treating vec tor presence locally 

and effectively.  
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IV. Weather 

 

IV.1. Weather conditions 

The weather information was obtained from darksky.net and is given from a period of 

time from October 2018 to December 2019.  

¶ A table of the principal weather parameters, resumed by m onths, is presented 

below  

o Maximum temperature (ºC)  

o Average temperature (ºC)  

o Minimum temperature (ºC)  

o Average wind speed (m/s).  

o Average wing bearing (º)  

o Precipitation (mm).  

o Cumulative precipitation (mm).  

o Average Relative Humidity (%).  

o Reference evapotranspi ration or ETo (mm/day).  

o Cumulative ETo (mm/month).  

¶ A climogram with the following parameters is presented below  

o Maximum time temperature.  

o Average time temperature.  

o Minimum  time temperature.  

o Cumulative precipitation, by months.  
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V. Quality 

 

V.2. Size and g USDA grade (almond) 

 The quality of the almond will be mainly evaluated by its size and 

USDA grades. Physical parameters: humidity, variety, twins, bitterness, 

mechanically damaged, and pieces (processed almond). Physical -chemical 

parameters: aflatoxins an d pesticides. Microbi ological parameters: Listeria 

monocytogenes  and peroxide index.  

 

Figure 37 . Crop quality fruit humidity.  

 

Regarding mycotoxins, treatments application did not affect this parameter, in all the 

treatments value s were lower that detect ion limit (LD) as shown in Table 10 . 

Table 10  Mycotoxins content  

Treatment  AFLA B1  DON  T2  FUMONISIN  ZEA  

T0_Control  <LD  <LD  <LD  <LD  <LD  

T1_NP+ISR  <LD  <LD  <LD  <LD  <LD  
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VI. Water use 

 

VI.1. Water use efficiency (WUE) 

 The WUE is the relation between water consumed (m3) by the crop and 

water applied (m3). In this case, Normalized values were taken to measure WUE in 

almond.  

 T0  T1  T2  T3  T4  

WUE 0.46  0,67  0,70  -  -  

 

  

VI.2. Irrigation water productivity (IWP) 

 The IWP is the relation between annual yield (kg) and water applied 

(m 3). Both values are calculated each year.  T2 has the best irrigation water 

productivity value, since more yield was obtained in that treatment and less 

irrigati on water was applied.  

 

 T0  T1  T2  T3  T4  

IWP 0.86  1,25  1,75  -  -  
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Figure 38  Yield per tree obtained in 2019 on Charqueirao farm.  

 

 

VII. Carbon footprint 

 

VII.1. CO2 emitted during the agricultural processes 

 CO2 emitted in each farm will be described at the end of the project. In order to 

do that annual CO 2 emitted in each farm will be estimated by Carbon Footprint 

Assessment ISO/TS 14067:2013.  
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VIII. Biodiversity 

 

VIII.1. Auxiliary fauna 

 At the date of the of  presentation of this report , nests  hotel and insect boxes had 

not yet been installed. Occupancy rate of hotels nests and insect boxes will be 

determined by visual counting every autumn.  

The second year after nest hotels and insect boxes collocation (spring/summer) we will 

have defin itive, visible results . 

 

References 
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Chapter III. La Traversagna Farm  

(Pisa, Toscana - Italy)  
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1. Treatments  

Action C2 T0 - control T1  T2 - Deficit irrigation T3- Cover crops T4 (combination T1-T2-T3) 

  Traditional management T1 - IBNP +ISR       

La Traversagna - IT 

1.Soil: tillage (3 
times/year) and herbicide 
(3 times/year). 
 
2.Irrigation: not irrigation 
 
3.Pests: Prays oleae, 
Bactrocera oleae, Palpita 
unionalis. Total 
treatments 5/year. 
4.Diseases: Spilocea 
Oleagina, total 
treatments 3/year. 
 
5.Nutrition: Soil (19/year) 
and Foliar (8/year). 
 
6.Pruning: Formation 
pruning (1/year) and Top 
and bottom pruning 
(2/year) 
 
7.Harvest: Nov/Dic  (1 
year) 

1.Soil: tillage (3 times/year), 
herbicide (3 times/year) and 
IBNP (1/year) 18/02/2020 
 + ISR (4 times/year; dose: 
0.5 L/ha) 18/02/2020. 
 
2.Irrigation: not irrigation 
 
3.Pests: Prays oleae, 
Bactrocera oleae, Palpita 
unionalis. Total treatments 
5/year. 
 
4.Diseases: Spilocea 
Oleagina, total treatments 
3/year. 
 
5.Nutrition: Soil (19/year) 
and Foliar (8/year). 
 
6.Pruning: Formation 
pruning (1/year) and Top 
and bottom pruning 
(2/year) 
 
7.Harvest: Nov/Dic  (1 year) 

 

1.Soil: tillage (1/year), 
herbicide (2/year), 
cover crop: sow (2020), 
and weed (1/year). 
 
 
2.Irrigation: not 
irrigation 
 
3.Pests: Prays oleae, 
Bactrocera oleae, 
Palpita unionalis. Total 
treatments 5/year. 
 
4.Diseases: Spilocea 
Oleagina, total 
treatments 3/year. 
 
5.Nutrition: Soil 
(19/year) and Foliar 
(8/year). 
 
6.Pruning: Formation 
pruning (1/year) and 
Top and bottom pruning 
(2/year) 
 
7.Harvest: Nov/Dic  (1 
year) 

1.Soil: tillage (1/year), herbicide 
(2/year), cover crop: sow 
(1/year), weed (1/year), IBNP 
(1/year) 18/02/2020 
 + ISR (4 times/year; dose: 0.5 
L/ha) 18/02/2020. 
 
2.Irrigation: not irrigation 
 
3.Pests: Prays oleae, Bactrocera 
oleae, Palpita unionalis. Total 
treatments 5/year. 
 
4.Diseases: Spilocea Oleagina, 
total treatments 3/year. 
 
5.Nutrition: Soil (19/year) and 
Foliar (8/year). 
 
6.Pruning: Formation pruning 
(1/year) and Top and bottom 
pruning (2/year) 
 
7.Harvest: Nov/Dic  (1 year) 
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1.1 Applications 

 

Due to a delay in the delivery of the biostimulants that should have been 

applied in T1 and T4, these treatments started later. The products arrived in 

Italy at the end of 2019 and were applied at the beginning of 2020. On the 

other hand, the  T2 treatment could not be carried out on said farm because 

the farm is below sea level, making implantation impossible of a deficit 

irrigation.  

 

2. Results 

 

The following parameters were evaluated. 

I. Tree Health 
 

I.1. Nutrient state through foliar analysis 

Foliar analysis is a technique that determines the content of nutrients at a specific 

time or stage of development in plant tissues. In order to determine foliar nutrient 

content leaves were sampled in preharvest at El Valenciano. As the treatments were not  

yet implemented just one foliar analysis was done. Next year one foliar analysis will be 

carried out for each treatment.  

In early February foliar analysis was done on La Travesagna. The results are 

described in the following table ( Table 11 ). Measured parameters had normal levels for 

the crop.  

Table 11  Foliar Analysis inT0 treatment in La Travesagna . 

Element  Value  

Copper (Cu ppm) 86.8 

Boron (B ppm) 6.58 

Phosphorus (P%) 1091 

Iron (Fe ppm) 50.1 

Magnesium (Mg%) 0.76 

Nitrogen (N%) 1.91 

Potassium (K%) 4.46 
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Zinc (Zn ppm) 6.94 

 

I.2. Tree temperature 

GREENFIELD carried out a drone flight with a thermal camera over the 

La Travesagna farm to measure the tree temperature and its spatial 

distribution in the pre -harvest stage ( December, 6 th  2019).  The thermal flight 

carried out at the La Traversagna farm presented various difficulties to be 

carried out in the pre -harvest phase. This has meant that it could not be 

mosaicked and, therefore, not have obtained an ima ge to show the variability 

of the farm. One of the difficulties has been due to the scarce difference in 

thermal reflectance between the tree canopy and the rest of the farm, making 

it very difficult to discern between the two.  

Individual images will be st udied and compared with future flights, 

which will take place at a different phenological time and most suitable for 

obtaining better results.  

I.3. Vegetative development 

From June 1st  2018 up to December 30 th  2019, Greenfield Technologies has 

been acquiri ng, correcting and processing several radiometric bands of satellite 

images in order to evaluate the situation and behavior of the vegetation and 

its evolution within the first - trial year of the LIFE RESILIENC E project.  

For this purpose, historical satell ite images contained in data banks, as well 

as those generated in the dates described below, were used. The information 

obtained allowed to determine the NDVI vegetation index (Normalized 

Difference Vegetation  Index) and to evaluate the vegetative developm ent 

during the Project and the presence of physiopathy and diseases.  

Furthermore, Greenfield Technologies uses another vegetation index (not 

included into the Action D.1.3) to estimate the relative amount of w ater 

(present in vegetation and soil in the cas es of the woody crops) that helps to 

analyze better the plant or crop behavior. Thus, the NDWI (Normalized 

Difference Water Index) is joined to the data of the LIFE Project to enhance 

the results.  
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A five -days period of revisit of the satellite had been use d to acquire all the 

available images, the Action D.1.3 put forward 5 images per year in specific 

phenological stages:  

The dates of the satellite images, which were captured at different 

phenological stages in  La Traversagna farm, were the followings:  

¶ Flow ering: June 1 st  2019.  

¶ Pit hardening: July 26 th  2019.  

¶ Oil production initiation: August 20 th 2019.  

¶ Pre-harvest: October 11 th  2019.  

¶ Post -harvest: December 10 th  2019.  

The evolution of the NDVI and NDWI in La Traversagna farm began with 

a high degree of variab ility in the different treatments. In fact, there were at 

least three levels of values in each index, which did not correspond to the 

different treatments T0 to T4 ( ¡Error! No se encuentra el origen de la 

referencia. ). In addition , T2 treatment (deficit irrigation) was not carried out 

on this farm due to its high water level (the farm is below the sea level), which 

infl uences the effect of irrigation on the crop vegetative behaviour, unable to 

establish a state of water deficit in it.  

During the crop season in La Traversagna, there were no specific behaviour of 

NDVI and NDWI regarding the treatments studied in the proje ct ( Figure 39  to 

Figure 46 ). However, the vegetative vigour inde x (NDVI) evolved with an 

increase from flowering to oil  initiation phase  except for the T0 and T1 

treatments located in the southeast of the farm. This behaviour contrasts in 

general with that observed in the El Valenciano farm, where the NDVI index 

decrea sed as the crop season progressed. This disparity could  be due to the 

different weather conditions of both crop areas. Subsequently, in pre -harvest, 

the NDVI index was reduced.  

On the other hand, the humidity index in the plant (NDWI) evolved in the 

same w ay as in the El Valenciano farm, with an increase in it s values from 

flowering to pre -harvest, where it finally began to decrease.  
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Figure 39 . Spatial variation of NDVI at flowering stage in La Traversagna farm.  

 

 

Figure 40 . Spatial variation of ND WI at flowering stage in La Traversagna farm  
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Figure 41 . Spatial variation of NDVI at pit hardening stage in La Traversagna farm.  
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Figure 42 . Spatial variation  of NDWI at pit hardening stage in La Traversagna farm.  

 

 

 

Figure 43 . Spatial variation of NDVI at oil initiation stage in La Traversagna farm  

 

Figure 44  Spatial variation of NDWI at oil initiation stage in La Traversagna farm.  
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Figure 45 . Spatial variation of ND VI at pre -harvest in La Traversagna farm.  
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Figure 46 . Spatial variation of NDWI at pre -harvest stage in La Traversagna farm.  

 

The images of NDVI  and NDWI index obtained in the post -harvest phase show an 

increase in the vegetation index (Figure 47  and Figure 48 ) . However, these images 

should not be taken into account due to the presen ce of vegetation in the streets, which, 

due to the spatial resolution of the satellite used, causes the reflectance of both types of 

vegetation to mix, so the results would be blurred. This problem can be solved with 

drone images for the N DVI using the mul tispectral camera. However, the NDWI index 

would not be possible due to the need for reflectance in a spectrum band that is not 

present in drone multispectral cameras.  

 

Figure 47. Spatial variation of NDVI at post-harvest stage in La Traversagna farm. 
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Figure 48. Spatial variation of NDWI at post-harvest stage in La Traversagna farm. 

 

II. Soil quality 

 

II.1. Available Water Capacity (AWC) 

The AWC is the amount of soil water that is theoretically available for 

plants. This concept is based on the difference between soil field capacity ï which 

is the maximum amount of water that soil can store ï, and the wilting point of it ï 

which is the minimum amount of water that soil can hold, and which is absorbable 

by the plants ï.  

 According to the results obtained, it can be concluded that the three 

intervals of available water content obtained (AWC; Figure 49 ) can be grouped 

within the 4 soil types. These three intervals vary between 130 and 160 mm of 

water in 1 cubic meter of soil, i.e., a 12% to 14% of the total volume of the soil 

could be filled with water available for the plants. In general, the whole area of 

study has a medium capacity to retain water available for the plants. 




















