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1.  Summary  

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

throughout year 2020  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 all the information on the activities that have been carried out by the project 

partners to  monito ring impact during the project and determinate the  achieve the 

pro posed objectives.  

 

 

2.  Introduction  

In all the farms described bellow 5 treatments were established in order to achieve 

best agricultural strategies against XF. 

All farms have a control treatment in which standard procedures were done as 

irrigation, prune, harvest, etc. Four treatments were also established in which the 

same standard procedures were done and additionally a specific treatment was 

implemented.  In each farm every treatment will be described. 

 

3.  Chapters + Results  

This report include s the following chapters:   

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

-  Chapter II:  Herdade do Charqueirão Farm (Alandroal, Évora  -  Portugal ) ; and  

-  Chapter III:  La Traversagna Farm (Pisa,  Toscana -  Italy) .  
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Chapter I. El Valenciano Farm  

(Carmona, Sevilla - Spain) 
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1. Treatments 

 On the table 1 description of the standard procedures in each crop and the additional 

application depending on the treatment. 

Table 1 El Valenciano Farm Standard procedures and treatments dates 
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5 treatments were established, Table 2 describes each treatment, product, dose, timing 

and mode of application. The schedule and doses described in table 2 will be done in the 

entire project. Moreover, in Image 1 is located treatmentôs distribution in the farm El 

Valenciano. In Table 3 treatments and corresponding products are described, dates of 

applications in 2020 is also included.  

Table 2 Treatments, products, dose, timing and mode of applications 

Treatment Product Dose Date Mode 

T0 Conventional management 

T1 MST -NP 1 kg/ha June Irrigation 

ProCrop ISR 0.5 l ha/week 15 days after 

MST-NP 

Irrigation 

T2 Deficit irrigation  

T3 Cover crops 30 kg/ha September  

T4 T1 + T2 +T3 

 

 

Image 1 Distribution of the treatments in El Valenciano Farm 

 

T1	

T4	
T2	

T0	

T1	

T0	

T0	

T0	

T0	

T0	

T3.2	

T3.3	

T3.1	
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1.1 Applications 

Table 3 Treatments, products, dose and dates in El Valenciano Farm 

Treatment  Products  Dose  Date  

T0 
Control  

(Conventional methods) 
    

T1 

IBNP 1 kg/ha 11/06/2020 

Procrop ISR  0.5 l/ha/week 
23/06/2020 

7/07/2020 

T2 Deficit irrigation   July - August 2020 

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 

IBNP (1 kg/ha) 

Procrop ISR  

(0,5 l/ha/week)   

(MST-NP) 

11/06/2020   

Procrop ISR  

23/06/2020 

7/07/2020 
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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 Valenciano farm every week to verify the correct implementation of the 

treatments and its evolution. The results in the second season (2020) obtained are 

described below. 

 

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 (early September 2020) at El Valenciano. In order to 

determine differences between treatments one foliar analysis per treatment was done. 

In early September 2020 foliar analysis was done on El Valenciano. The results are 

described in the following table (Table 4 and Table 5¡Error!  No se encuentra el origen 

de la referencia.). Measured parameters had normal levels for the crop. However, T1 

treatment increased nutrient assimilation by the crop in comparison to T0 treatment. In 

fact, T1 nutrient assimilation as phosphorus and potassium increment was measured. 

However, T2 treatment increased sulfur levels due to probably to water stress situation. 

In this sense T4 was also a deficit irrigation treatment but sulfur increment was no 

evident in this case, probably because of the bioestimulants application. In many cases 

bioestimulants alleviate stress episodes in the crop. 

With respect to microelements, increases in boron levels were observed in T1. In T2 and 

T4, increases in the content of copper, iron and manganese were observed. 
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Table 4 Microelements per treatment in El valenciano Farm  

 

Table 5 Microelements per treatment in El Valenciano Farm 

 

 

I.2. Tree temperature 

Tree temperature was measured in 2020 at different phenological stages in olive crop. In 

general terms, in all the treatments a decrease in the temperature of the vegetation cover 

has been observed as the campaign has progressed (Table 6). During pit hardening, in 

the middle of July, the mean temperature was 35ºC in all treatments, with a temperature 

variation range greater than 5ºC. In pre-harvest, the average temperature dropped to 

30ºC in all treatments, and the range of variation was established around 28-33ºC but 

point-like maximums were observed similar to the month of July, around 39ºC. In 

postharvest the average temperature dropped to around 14ºC, where the difference 

between tree canopy and soil was scarce. 
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Regarding spatial variability, a greater homogeneity is observed in pre- -harvest, where 

almost all of the treatments were between 28 and 31 ºC, while in the hardening phase 

there were temperature differences between 29 and 36 ºC mostly. There does not seem 

to be a pattern of variability due to the treatments in the crop throughout the season, so 

it seems to indicate that there have been no irrecoverable symptoms of water stress. 

  

Table 6  Canopy mean temperature (Cº) El Valenciano Farm 

Treatment 

Mean Temperature (ºC) 

Pit-Hardening Pre-Harvest Post-Harvest 

T0 35.09 30.83 13.90 

T1 34.92 30.79 13.32 

T2 34.98 30.71 15.58 

T3.1 34.89 30.67 13.08 

T3.2 35.41 30.46 14.93 

T3.3 35.33 30.61 15.72 

T4 35.59 31.17 13.62 
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Image 2 Pit hardening canopy temperature spatial variability in El Valenciano Farm 

 

 

Image 3 Pre harvest canopy temperature spatial variability in El Valenciano Farm 
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Image 4 Post harvest canopy temperature spatial variability in El Valenciano Farm 

 

 

I.3. Vegetative development 

Vegetative development was measured through multispectral flights at different 

phenological stages in El Valenciano Farm. In general, El Valenciano farm presented a 

high spatial homogeneity in the vegetative development in flowering, with no difference 

between treatments as shown by the mean values for this parameter (Table 7). The 

South Control zone presented somewhat lower values, but when calculating the mean 

values of the treatment, these differences are diluted (Image 5). 

In pit hardening, a general decrease in vegetative development with respect to flowering 

was observed in all treatments, possibly indicating a lower photosynthetic activity 

(Image 6). This decrease coincides with the physiological stop that occurs in the crop at 

the time of pit hardening. In fact, this is the moment when deficit irrigation is applied, 

an opportune moment that does not cause damage to the future harvest. Regarding 

spatial variability, it remained fairly homogeneous. On the other hand, a specific 
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decrease in vegetative development and / or photosynthetic activity is observed in 

specific areas of treatments T2, T3.1, T3.2 and T3.3. Due to the distribution pattern that 

these areas, it seems to indicate that the reason was not caused by the treatments 

themselves. A general increase in vegetative in all the treatments was observed in pre 

and post harvest (Image 8 and Image 9). 

Table 7 Mean NDVI values in different phenological stages in El Valenciano Farm 

Treatment 

Mean NDVI 

Flowering  Pit Hardening* Pre-Harvest  Post-Harvest  

T0 0.77 0.59 0.61 0.59 

T1 0.77 0.59 0.63 0.59 

T2 0.78 0.59 0.63 0.61 

T3.1 0.77 0.60 0.63 0.60 

T3.2 0.78 0.56 0.61 0.59 

T3.3 0.78 0.56 0.64 0.57 

T4 0.77 0.58 0.59 0.58 

 

 

Image 5 Vegetative development spatial variability at flowering stage in  El Valenciano Farm 
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Image 6 Vegetative development spatial variability at pit hardening stage in  El Valenciano Farm 

 

 

Image 7 Vegetative development spatial variability at Pre harvest stage in  El Valenciano Farm 
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Image 8 Vegetative development spatial variability at  post harvest stage in  El Valenciano Farm 

  

II. Soil quality 
 

II.1. Available Water Capacity (AWC) 

Available Water Capacity vas measured at the beginning of the project. According to 

the project next measurement will be at the end of the project. 

II.2. Soil microbiological activity 

Soil samples were taken from georreferenced points and analyzed in laboratory to 

determinate fertility biological index and enzymatic activity such as, ȸ-glycosidase, 

dehydrogenase, catalase, phosphodiesterase (phosphatase) and urease activities (Image 

9). 
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Image 9 Treatment and georeferenced soil sample location in El Valenciano Farm 

 

The dehydrogenase activity is linked to the metabolic activity of the soil; it indicates 

that soil fertility soil that is due to the activity of microorganisms in the soil. On the one 

hand a slightly increment was observed in T0 and T3 treatments indicating a greater 

metabolic activity in the soil. On the other hand, dehydrogenase activity decreases in T1 

and T2 in comparison to previous year. However, pattern absent could mean a lack of 

treatments effect on enzymatic activity on season 2020.  

 In comparison with previous seasons catalase activity decreased in all the treatments in 

El Valenciano Farm in season 2020.  

With regards to phosphatase activity a higher activity of this enzyme indicates a greater 

mobilization of phosphorus in inorganic form in the soil and a greater availability of this 

element to the plant. A decreased in phosphatase activity is observed in all the 

treatments, this is probably linked to phosphate fertilization in El Valenciano Farm 

(Graph 4). 
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Graph 1 El Valenciano Farm ß-Glycosidase activity 

 

Graph 2 El Valenciano farm Catalase activity 
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Graph 3 El Valenciano farm Dehydrogenase activity 

 

 

Graph 4 El Valenciano farm Phosphatase activity  

 

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

can be seen in urease activity was strongly increased in season 2020 (Graph 5). 

A slightly decreased in biological fertility index was observed in all the treatments in 

2020 in El Valenciano Farm (Graph 6). 
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Graph 5 El Valenciano farm Urease activity  

 

 

Graph 6 El Valenciano farm Biological fertility index 

 

III. Disease prevalence 
 

III.1. Xylella fastidiosa disease control 
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Since no symptoms of disease had been observed in year 2020 in El Valenciano farm 

and insect vector had not been detected on the farm, these disease control analyses were 

not carried out yet. Moreover, The Junta de Andalucía is conducting 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 as soon as possible. 

In case of disease detection plant tissues will be sampled 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). 

. 

III.2. Insect vectors trap 

Periodically, Nutriprado will evaluate the insects present 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 bacteriumò.  

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 Nutriprado (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 problematic 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 
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Annual information on the parameters measured in darsky climate stations, including: 

Temperature Maximum (ºC), Average Wind Speed (m/s), Temperature Time 

Maximum, Middle Wind Direction (º), Temperature Minimum (ºC), Radiation (MJ/m2), 

Temperature Time Minimum, Precipitation (mm), Temperature Average (ºC), ET0 

(mm/day), Maximum Relative Humidity (%), Minimum Relative Humidity (%), 

Accumulated Precipitation (mm), Relative Medium Humidity (%), and Cumulative ET0 

(mm). 

Regarding the climatic data recorded, no extreme meteorological phenomena have been 

observed that may have affected the treatments applied on El Valenciano farm. 
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V. Quality 
 

V.1. Organoleptic characteristics (olive oil)  

The olive tree fruits and olive oil obtained will be evaluated annually to determine its 

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

compounds present in green olives and their oil; total phenolic compounds; and  sensory 

analysis. 

The majority fraction of the oil (95%) is constituted mainly by triglycerides and to a 

lesser extent by diglycerides, monoglycerides and free fatty acids. The fatty acid 

composition is characterized by being high in monounsaturated fatty acids, oleic being 

the main fatty acid, whose concentration varies between 60-80%. Table 8 presents the 

profile of fatty acids identified and quantified in the 4 oil samples, in which it can be 

seen that, in all the samples, the majority acid was oleic acid, with values higher than 

60%, being higher in the T2 oil and lower in the T4 oil (63% and 60%, respectively) , 

maintaining said difference when adding the two isomers of oleic acid, C18:1c9 and 

C18:1c11, reaching values close to 66%. The second most important acid is palmitic 

acid, which appeared in the highest concentration in sample T4 (16.8%), while in 

samples T1 and T2 the lowest values were obtained (15.8%). Regarding the groups of 

fatty acids, the majority were monounsaturated fatty acids, oleic acid being the most 

important, with a value greater than 65%, followed by saturated fatty acids, with values 

between 17% and 19 %, and finally polyunsaturated fatty acids, with values between 

13% and 15%. 

Table 8 Olive oil fatty acid content (%) 

Fatty acids  Anova T0  T1  T2  T4  

C14:0 * 0.006b 0.007a 0.005b 0.006ab 

C15:0 NS 0.006 0.005 0.005 0.006 

C16:0 (Palmitic) *** 16.373b 15.832c 15.800c 16,854a 

C16:0 (Palmitic) *** 0.150b 0.175 0,156 0.134 

C16:1 (Palmitoleic) *** 1.534b 1.657 1.498 1.676 

C17:0 (Margaric) ** 0.093ab 0.079 0.088 0.098 

C17:1 cis  ** 0.206ab 0.185 1.801 0.222 

C18:0 (Stearic) *** 1.819ab 1.731c 1.847a 1.801b 

C18:1 cis-9 (Oleic) *** 62.044b 61.972 63.313a 60.410 c 

C18:1c11 *** 3.376b 3.683a 3.330 b 3.556a 
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C18:2 n6c (Linoleic) *** 12.959c 13.215b 12.504d 13.833a 

C18:3n6 gamma * 0.379a 0.369ab 0.367ab 0.361b 

C18:3 n6 alfa *** 0.457b 0.496a 0.430c 0.448b 

C20:1 n9 cis-11 NS 0.014 0.006 0.005 0.004 

C21.0 NS 0.014 0.013 0.012 0.012 

C20:3n3 *** 0.106a 0.106a 0.102a 0.094b 

C20:3n6 NS 0.012 0.009 0.006 0.008 

C23:0 ** 0.268a 0.261a 0.265a 0.241b 

C24:0 NS 0.049 0.044 0.016 0.015 

C24:1 NS 0.008 0.007 0.011 0.006 

C22:6 ** 0.068a 0.066a 0.024b 0.086a 

Ɇ AGS NS 18.628b 17.972c 17.992c 19.079a 

Ɇ AGM  * 67.332b 67.685b 68.51a 66.008c 

Ɇ AGP  * 13.981bc 14.261b 13.433c 14.83a 
NS = not significant at p> 0.05, *, ** and *** when p <0.05, 0.01 and 0.001, respectively. The values (mean of 3 

repetitions) followed by the same letter within the same row, do not present statistically significant differences (p> 0.05) 

according to the Tukey Multiple Ranges Test. 

 

Table 9 Total Phenolic content (mg GAE/L) 

 T0 T1 T2 T4 

g GAE/ L 70.4 80.98 98.4 112.9 

 

 

The volatile compounds are responsible for the aroma of the extra virgin olive oil, 

which helps to differentiate it from the rest of the edible oils, since in its preparation a 

refining process is not required in which all the volatile compounds are lost. Table 10 

shows the volatile profile of the 4 samples analyzed, being able to appreciate significant 

differences in the profiles according to the treatment. Significant differences can be 

observed in all the aromatic compounds identified, so irrigation treatments have 

generated changes in the volatile profile of the oil. In the 4 samples, the presence of 

trans-2-hexenal and hexanal stands out, whose concentration is much higher in the T2 

sample (6674 and 727 mg/ 100 mL, respectively). These compounds provide green 

aromas. Another important compound in the aroma of olive oils is 1-hexanol, which 

appears in samples T0 and T4, but could not be identified in samples T1 and T2, like 

trans-2-Hexen -1-ol, both related to fruity aromas. 
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 Table 10 Volatile compounds (mg/100 ml oil) 

Chemicals Anova T0  T1  T2  T4  

Hexanal *** 65.919c 196.628b 727.410a 209.044b 

trans-2-Hexenal *** 275.647b 984.961 6674.911 422.161b 

trans- 2- Hexen 1-ol *** 61.627a 0.000c 0.000c 25.884b 

1-Hexanol *** 222.314a 0.000c 0.000c 60.399b 

2.4 Hexadienal *** 11.182b 24.997b 129.730a 24.795b 

Hexanoic acid *** 1.579b 1.130b 11.126a 2.069b 

3-Hexen-1-ol-acetate *** 18.374a 8.375b 17.679a 19.338a 

Hexyl acetate *** 18.590a 6.550b 16.820a 19.592a 

Phenethyl alcohol *** 14.456b 6.584b 65.079a 19.207b 

Octanoic acid *** 1.244bc 0.486c 3.536a 0.986bc 

Ethyl octanoate *** 0.845b 0.781c 8.076a 3.196bc 

Nonanoic acid *** 1.582b 1.118c 5.138a 1.689b 

Decanoic acid *** 0.616c 0.234c 2.422a 1.249b 

Ethyl decanoic *** 6.238b 2.161b 22.526a 19.001a 

2-Methylbutyl octonoate *** 0.840b 0.507b 4.118b 36.304a 

Ethyl dodecanoate *** 23.731b 18.273b 129.822a 9.817b 
NS = not significant at p> 0.05, *, ** and *** when p <0.05, 0.01 and 0.001, respectively. The values (mean of 3 

repetitions) followed by the same letter within the same row, do not present statistically significant differences (p> 0.05) 

according to the Tukey Multiple Ranges Test. 

 

The sensory analysis established by the COI only includes as key attributes to define the 

commercial category of the oil the total fruity and the presence or absence of defects, in 

addition to taking into account the basic bitter taste and the pungency of the oil. The last 

two attributes are attributes that depend on factors such as harvest time and variety. In 

this case, the oils samples have been analyzed in a more descriptive way, expanding the 

attributes to be studied, such as the maturity character of the oil. 

In Table 11 it can be seen how modifications have occurred in the sensory profile. 

Regarding the ñCOI parametersò, a higher value can be observed in the T4 sample in the 

ñfruityò attribute (5.0), while the T2 sample generated a higher pungency value (1.6) 

and in the bitterness it is not detected significant differences. Regarding the defects, in 

samples T0 and T1 defects (rancid and runny) were found in a sufficiently high 

presence that they could not be considered Extra Virgin Olive Oil, and instead they 

would be classified as Virgin Olive Oil. The presence of atrojado is a defect produced 
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by a possible fermentation of the olives before being ground. Observing the rest of the 

attributes used in the sensory analysis of the samples, sample T4 would be a more 

"green" oil than the other 3 samples, as well as the attribute "pepper" or "artichoke". 

 

 Table 11 Sensory analysis 

Sensory attribute Anova T0 T1 T2 T4 

Fruity (olive) 
***  

2.2c 2.4c 3.9b 5.0a 

Fruity (green) ***  5.1b 5.1b 6.0b 7.0a 

Fruity (ripe) ***  4.9a 4.9a 4.0a 3.0b 

Floral 
NS 

1.1 0.7 1.1 1.6 

Green (artichoke) ***  0.9b 0.9b 1.7b 2.9a 

Green (grass) *  0.8b 2.0a 1.2ab 1.3a 

Green (pepper) *  0.3b 0.4ab 0.9a 0.4ab 

Tomato ***  1.1b 0.7b 1.1b 2.5a 

Bitter NS 1.0 1.1 1.7 1.5 

Rusty NS 0.0 0.0 0.0 0.0 

Rancid *  0.3a 0.1ab 0.0b 0.0b 

Fusty *  0.5a 0.4ab 0.0b 0.0b 

Mold NS 0.0 0.0 0.1 0.0 

Remains NS 0.0 0.0 0.0 0.0 

Astringent NS 0.0 0.0 0.0 0.2 

 Pungent *  0.7 b 0.9ab 1.6 a 1.3ab 

NS = not significant at p> 0.05, ** and *** when p <0.01 and 0.001, respectively. ÿ The values (mean of 8 

evaluations) followed by the same letter within the same row, do not present statistically significant differences (p> 

0.05) according to the Tukey Multiple Range Test 

 

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). Both values were calculated each year. In ¡Error! No se encuentra el origen de 

la referencia. WUE values are listed. In T2 and T4 treatments deficit irrigation was 

applied and WUE was increased as expected. On the other hand, in T0 and T1 had the 

same irrigation and WUE. 

Table 12 El Valenciano WUE per treatment 
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 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 (m3). Both values 

were measured each year and IWP was calculated. In ¡Error! No se encuentra el 

origen de la referencia. IWP 2020 are listed. T2 treatment was more productive 

because IWP was the highest, similar situation was observed in T4 treatment. On the 

other hand, very similar values were measured in T0 and T1. 

Table 13 El Valenciano IWP per treatment. 

 T0 T1 T2 T3 T4 

IWP 4.66 4.81 6.25 - 5.16 
 

 

VI.3. Stem water potential (SWP) 

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

determine tree water status in olive during the growing season. The measures were 

taken every week to schedule the irrigation following the Hydrosustainable Protocol 

(GALPAGRO).  
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Graph 7 SWP in Valenciano Farm 2020 season 

 

VII. Carbon footprint 
 

VII.1. CO2 emitted during the agricultural processes 

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

order to do that, annual CO2 emitted in each farm will be estimated by Carbon Footprint 

Assessment ISO/TS 14067:2013. 

 

VIII. Biodiversity 
 

VIII .1. Auxiliary fauna 

Nests hotel and insect boxes were installed on 2020 autumn (September; Image 10). 

Occupancy rate of hotels nests and insect boxes will be determined by visual counting 

in 2021 autumn. 

The second year after nests hotels and insect boxes collocation (spring/summer), we 

will have definitive, visible results. 

-4.50	

-4.00	

-3.50	

-3.00	

-2.50	

-2.00	

-1.50	

-1.00	

-0.50	

0.00	
27-feb	11-mar	 7-abr	 29-abr	 9-jun	 18-jun	 2-jul	 14-jul	 15-jul	 24-jul	 29-jul	 30-jul	 4-ago	 28-ago	29-oct	

SW
P
	(
M

P
a)

	
Day	

SWP-	El	Valenciano	farm	2020	

T0	(Control)	 T2	(RDI)	



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

I. El Valenciano Farm (Carmona, Sevilla - Spain) 

 

 

                                                              30                                                            
 

 

Image 10 Installation of bug hotels and nest boxes 
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1. Treatments  

Table 14 Herdade do Charqueirão Farm Standard procedures and treatments dates 
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Image 11 Herdade do Charqueirão Farm treatments location 

 

Table 14 describes standard procedures for almond crop that was done in 2020 in Heredade 

do Charqueirão Farm and treatments dates.  

 

Due to Herdade do Charqueirão Farm almond cultivar location a special treatment design 

was done in order to have comparable results. Image 12 shows plot distribution on Herdade 

do Charqueirão Farm. 
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Image 12 Herdade do Charqueirão Farm Almond varieties location  

 

 

1.1. Applications 

Dose, timing and mode of application of each treatment are described in Table 15.  The 

schedule and doses described in table 15 will be done in the entire project.  

The first biostimulant IB-NP was applied on July 2nd in a dose of 1 kg/ha. According to the 

protocol ProCrop ISR was applied on July 16 and 29 as shown in Table 15. 

T1

T2

T4

T3

T0

T0
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Table 15 Treatments; products, dose and date on Herdade do Charqueirão Farm 

Treatment Products Dose Date 

T0 
Control 

(Conventional methods) 

  

T1 

IBNP 1 kg/ha 2/06/2020 

Procrop ISR 0.5 l/ha/week 
16/06/2020 

29/06/2020 

T2 Deficit irrigation   

T3 Cover crops  2019 

T3.1 Plant Cover Mixture 30 kg/ha 2019 

T3.2 Farm Cover Crop - 2019 

T3.3 Tilling - 2019 

T4 T1+T2+T3 

IBNP (1 kg/ha) 

Procrop ISR 

(0,5 l/ha/week) 

(MST-NP) 

2/06/2020 

Procrop ISR 

16/06/2020 

29/06/2020 
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2. Results 

 

 

I. Tree Health 
 

I.1. Nutrient state through foliar analysis 

As described on A1 action, crop nutrient state was determined through foliar analysis. In 

Charqueirão farm leaves samples were collected before harvest on early July. 

In the trial farm 3 different almond varieties are observed. For this reason, the treatments 

were established so that it was possible to compare the results later, leaving out the effect 

due to the almond variety. 

In the T4 treatment (cv Vayro), an improvement in the absorption of nutrients such as 

nitrogen and potassium was observed compared to the control T0 treatment. In the case of 

nitrogen, the improvement observed was 2%, while in the case of potassium it was 11%. 

Nitrogen and potassium are essential nutrients for the crop. On the other hand, a decrease in 

magnesium content of 23% and calcium of 18% was observed, possibly due to the period 

of deficit irrigation (Table 16). 

Table 16 Foliar Macronutrients T0 and T4 CV Vayro Herdade do Charqueirão Farm 

 

Parameter T0_Vayro T4_Vayro %Respect T0

S 0.06 0.06 0%

Ca 3.6 2.96 -18%

Cl 0.03 0.02 -33%

P 0.13 0.13 0%

Mg 0.66 0.51 -23%

N 2.48 2.53 2%

K 2.01 2.23 11%

Na 0.01 0.01 0%
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In the case of micronutrients, an increase in foliar boron content was observed, a very 

important element for flowering. In addition, an increase in iron content was observed, a 

fundamental element for photosynthesis and the production of photoassimilates (Table 17). 

Table 17 Foliar micronutrients T0 and T4 CV Vayro Herdade do Charqueirão Farm 

 

 

Regarding cv Constanti where T0, T1 and T2 where located, some interesting results were 

observed. About Calcium an increment was observed in T1 and T2, but T1 incremented 

calcium content by 54% and T2 by 4% in comparison to T0 treatment. Regarding 

potassium a similar situation was observed. In this sense, an increment by 40% was 

observed in T1. On the contrary T2 experienced a reduction in 14% in potassium content 

(Table 18).  

Table 18 Foliar macronutrients T0, T1 and T2 CV Constanti Herdade do Charqueirão Farm 

 

 

Regarding micronutrients a diminution in all the microelements was observed in both 

treatments in comparison to control. However, iron incremented in T1 and T2 in a similar 

way (Table 19). 

Table 19 Foliar micronutrients T0, T1 and T2 CV Constanti Herdade do Charqueirão Farm 

Parameter T0_Vayro T4_Vayro %Respect T0

B 30.93 36.95 19%

Cu 8.98 7.38 -18%

Fe 51.02 60.52 19%

Mn 28.76 33.88 18%

Mo <0,30 <0,30 -

Zn 41.01 35.27 -14%

Parameter T0_Constanti T1_Constanti %Respect T0 T2_Constanti %Respect T0

S 0.08 0.12 50% 0.07 -13%

Ca 2.5 3.85 54% 2.59 4%

Cl 0.03 0.03 0% 0.02 -33%

P 0.14 0.12 -14% 0.14 0%

Mg 0.66 0.6 -9% 0.5 -24%

N 2.5 2.26 -10% 2.57 3%

K 1.69 2.36 40% 1.46 -14%

Na 0.03 0.04 33% 0.01 -67%
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Regarding to cv Belona due to variety extension a T3 treatment was there placed. As 

mentioned before, 6 cover crops were implemented but non of them growth. Because of 

cover crop failure growth just one foliar analysis was run. About macronutrients and 

micronutrients values observed was normal respect to remaining treatments (Table 20 and 

Table 21). 

Table 20 Foliar macronutrients Herdade do Charqueirão Farm 

 

Table 21 Foliar micronutrients Herdade do Charqueirão Farm 

 

 

I.2. Tree temperature 

In general terms, the Herdade de Charqueirao farm presents a high spatial variability in 

tree temperature in Pre-harvest (Image 13), being higher in the northern part of the farm 

and lower in the central part, but it does not seem to correspond to the treatments or 

almond varieties on the farm (Image 14). However, tree temperature variability was 

reduced in the Post-harvest phase, presenting more homogeneous values and reducing the 

tree temperature in general terms, except in the southern zone of treatment T1, but it still 

does not seem to be related to almond variety. Areas with a high temperature should be 

Parameter T0_Constanti T1_Constanti %Respect T0 T2_Constanti %Respect T0

B 29.25 29.02 -1% 28.23 -3%

Cu 6 4.86 -19% 5.6 -7%

Fe 77.88 101.44 30% 94.67 22%

Mn 310.15 143.42 -54% 128.23 -59%

Mo <0,30 <0,30 - <0,30 -

Zn 66.36 52.91 -20% 55.97 -16%

Parameter T0_Constanti T1_Constanti T2_Constanti T0_Vayro T4_Vayro T3_Belona

S 0.08 0.12 0.07 0.06 0.06 0.08

Ca 2.5 3.85 2.59 3.6 2.96 2.94

Cl 0.03 0.03 0.02 0.03 0.02 0.02

P 0.14 0.12 0.14 0.13 0.13 0.13

Mg 0.66 0.6 0.5 0.66 0.51 0.63

N 2.5 2.26 2.57 2.48 2.53 2.72

K 1.69 2.36 1.46 2.01 2.23 1.33

Na 0.03 0.04 0.01 0.01 0.01 0.01

Parameter T0_Constanti T1_Constanti T2_Constanti T0_Vayro T4_Vayro T3_Belona

B 29.25 29.02 28.23 30.93 36.95 30.91

Cu 6 4.86 5.6 8.98 7.38 5.92

Fe 77.88 101.44 94.67 51.02 60.52 67.78

Mn 310.15 143.42 128.23 28.76 33.88 63.76

Mo <0,30 <0,30 <0,30 <0,30 <0,30 <0,30

Zn 66.36 52.91 55.97 41.01 35.27 28.25
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studied in greater depth, as it is an indicator of reduction in the transpiration of the plant 

and rule out that it is a symptom caused by XF. 

Table 22 Herdade do Charqueirão Farm Tree temperature (Cº) pre y post harvest 
2020 Tree temperature Pre-Harvest (Cº) Tree temperature Post-Harvest (Cº) 

Treatment Mean Desv. St. Min  Max Mean Desv. St. Min  Max 

T0a 42.06 1.47 36.78 44.64 36.85 1.13 32.89 39.97 

T0b 39.91 1.23 37.63 44.91 35.60 1.06 31.88 39.68 

T1 41.37 1.24 37.24 44.84 36.39 1.29 29.80 39.98 

T2 40.41 0.93 36.20 44.96 36.08 1.18 31.25 39.98 

T3 40.54 1.06 35.29 44.94 35.69 1.19 30.38 39.99 

T4 40.03 1.0 37.6 44.9 36.0 0.8 32.5 39.7 

 

 

Image 13 Tree temperature spatial variability on pre-harvest Herdade do Charqueirão Farm 
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Image 14 Tree temperature spatial variability on post-harvest Herdade do Charqueirão Farm 

 

 

I.3. Vegetative development 

In general terms, the vegetative development of the crop has evolved with a decrease in its 

activity in various parts of the study farm and to different degrees. However, due to the 

variability between existing varieties and planting years, a general summary of results is 

difficult to present. In each treatment, there is also intra-parcel variability in the results 

obtained.  

In general terms, the Charqueirão plot showed a mean of all NDVI vegetation index value 

of 0.55 points after flowering, when the foliar mass has developed. However, there are 

starting differences between the different treatments, which may be due to the development 

of the variety contained in each treatment (Image 15, Image 16) or to the work and 

irrigation maintained in the post-harvest of the previous season. 
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Image 15 Treatments and almond varieties in Herdade do Charqueirão Farm 

 

Table 23 NDVI post flowering, pre-harvest and post-harvest in Herdade do Charqueirão Farm 
2020 NDVI Post-Flowering NDVI Pre-Harvest NDVI Post-Harvest 

Treatment Mean Desv. St. Min. Max. Mean Desv. St. Min. Max. Mean Desv. St. Min. Max. 

T0a 0.52 0.07 0.30 0.65 0.46 0.07 0.31 0.79 0.35 0.05 0.21 0.51 

T0b 0.56 0.04 0.33 0.74 0.50 0.05 0.30 0.63 0.32 0.04 0.21 0.46 

T1 0.66 0.06 0.31 0.73 0.47 0.05 0.30 0.79 0.32 0.06 0.21 0.70 

T2 0.48 0.05 0.30 0.74 0.47 0.05 0.30 0.74 0.32 0.06 0.20 0.57 

T3 0.51 0.06 0.31 0.66 0.48 0.04 0.30 0.62 0.33 0.06 0.20 0.50 

T4 0.58 0.04 0.31 0.75 0.53 0.05 0.31 0.68 0.32 0.03 0.20 0.47 
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Treatment T1, which obtained the highest NDVI value, with 0.66 points, presented some 

variability in vegetative development in the north and south of it (Image 16), but this was 

not due to a different almond variety. Changes in the soil may be the reason, but it is 

advisable to observe the areas of lower development to clarify if they may be due to the XF 

disease. However, in successive pre-harvest and post-harvest flights (Image 17 and Image 

18), it is observed that the surface about Constanti variety shows a reduction in the value of 

NDVI, not being as severe in Vayro variety. Despite presenting similar degrees of 

vegetative development at the beginning of the season, this first variety has shown a very 

different behavior that should be monitored by the parameters related to the XF included in 

the project. 

 

Image 16  Post flowering Vegetative development spatial variability Herdade do Charqueirão Farm 

 

Treatment T4, with a mean NDVI 0.58 points, has been shown to be very homogeneous in 

the spatial variability of vegetative vigor and, in addition, it has been the treatment with the 

least temporal variability between Post-flowering and Pre-harvest (¡Error! No se 

encuentra el origen de la referencia. and ¡Error! No se encuentra el origen de la 
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referencia.). In this sense, the probability of detecting the presence of XF is low since 

there are no symptoms of reduced vegetative activity, chlorosis, etc. that indicate the 

possibility of the bacteria being present. 

The treatments with the lowest NDVI value shown in Post-flowering were T2, with 0.48 

points on average and T3, with 0.51 points on average. The variability within each 

treatment was not high, with a deviation value of 0.04 to 0.07 NDVI points. However, it 

should be noted that the T3 treatment presented a high change due to the two varieties 

present (Image 16 and Image 17). Of both treatments, only T3 has managed to raise the 

NDVI value between Pre-harvest and Post-harvest, indicating that the probability of the 

presence of XF is low as it does not present low values of vegetative development. The T2 

treatment must be checked with the proposed controls for the detection of XF to be able to 

rule out that these low NDVI values correspond to soil or crop management factors and not 

to the presence of XF. 

 

Image 17 Pre harvest Spatial variability on vegetative development in Herdade do Charqueirão Farm 
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Regarding the spatial variability in the vegetative development in Post-harvest in the 

Herdade de Charqueirao farm (Image 18), all the treatments reduced the mean value to 

0.32 - 0.35 points of NDVI (Table 23). The Constanti variety in the T1 treatment, the T2 

treatment and the Belona variety in the T3 treatment obtained the lowest values, so it must 

be confirmed if this behavior is characteristic of the variety with future drone flights or 

satellite images. 

 

Image 18 Post harvest spatial variability Herdade do Charqueirão Farm 

 

 

 

II. Soil quality 
 

II.1. Available Water Capacity (AWC) 
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Available water capacity was measured at the beginning of the project, before treatments 

application, and will be measured again at the end of the project. 

II.2. Soil microbiological activity 

Soil samples were taken from georeferenced points (Image 19) and analyzed in laboratory 

to determinate fertility biological index and enzymatic activity such as, ȸ-glycosidase, 

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

 

Image 19 Herdade do Charqueirão Farm soil samples points 

 

ß-glycosidase is related to soil organic carbon content and organic matter degradation. 

What it is mean a contribution of micronutrients to the crop. An important increment is 

observed in ß-glycosidase activity in 2020 respect to 2019 in T0, T1 and T4 Vayro 

treatments and T2 Constanti (Graph 8).  However, a slight decrease was observed in T1 

Constanti.  
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Graph 8 Herdade do Charqueirão Farm ß-Glycosidase activity 

 

Catalase enzyme activity decreased generally in all treatments. The decrease was 

more pronounced in Vayro variety, where a decrease of 21% was observed in treatment T0, 

37% in treatment T1 and 30% in treatment T2. With respect to the Constanti variaty, a 15% 

decrease in the activity of the catalase enzyme was observed in both treatments (Graph 9), 

this seems to indicate that the decrease in the activity of the enzyme was not due to the 

treatments.  

Dehydrogenase activity was markedly reduced in the control treatment with respect to the 

T1 and T4 treatments of the Vayro variety. For its part, treatment T1 behaved in the same 

way as the previous year, while treatment T4 dehydrogenase activity increased by 11%. On 

the other hand, in the Constati variety, a marked increase in dehydrogenase activity was 

observed in treatment T1 of 51% and a reduction in the activity of this enzyme in treatment 

T2 of 29% (Graph 10). 
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Graph 9 Herdade do Charqueirão Farm catalase activity 

 

 

Graph 10 Herdade do Charqueirão Farm dehydrogenase activity 

 

The phosphatase activity was considerably increased in the T1 treatment in the Vayro 

variety. On the other hand, a decrease in the activity of this enzyme was observed in the 

treatment T0 and T4 variety Vayro. In the Constanti variety, an increase in the activity of 
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this enzyme was observed in the treatment T1 and a decrease in the T2 treatment (Graph 

11). 

 

Graph 11 Herdade do Charqueirão Farm  Phosphatase activity 

 

The urease activity experienced a considerable increase in all treatments regardless of the 

variety (Graph 12). 

 

Graph 12 Herdade do Charqueirão Farm  Urease activity 
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Graph 13 Herdade do Charqueirão Farm biological fertility index 

 

T4 treatment include an application of bioestimulants in a similar way than in T1, also a 

deficit irrigation period and cover crops that were sowed on October 2019 (Table 15). In 

order to be able to contrast the effect of the plant cover crops on soil biological and 

microbiological activity, soil samples were taken from each of the cover crops and 

analysed separately at Herdade do Charqueirão Farm (Image 20).  
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Image 20 Cover crops locations in Herdade do Charqueirão Farm 

 

 

ß-glycosidase is related to soil organic carbon content and organic matter degradation. 

What it is mean a contribution of micronutrients to the crop. Respect to the activity of the 

ß-glycosidase enzyme, a higher enzymatic activity was observed in treatment cover crop 

called mix 1(T4-M1) indicating a greater metabolic activity in that treatment (Graph 14). 

In the case of catalase activity, a higher activity of this enzyme was observed in the M1 

cover again, the cover crop with the lowest activity of this enzyme was T4 M2 (Graph 15). 
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Graph 14 ß-glycosidase activity in each cover crop T4 treatment Herdade do Charqueirão Farm 

 

 

Graph 15 Catalase activity in each cover crop T4 treatment Herdade do Charqueirão Farm 
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activity a higher activity of this enzyme shows a mobilization of phosphorus in inorganic 

form in the soil and a greater availability of this element to the plant. Phosphatase activity 

increased again in the M1 cover, being very low in the M4 cover (Graph 17). 

 

Graph 16 Dehydrogenase activity in each cover crop T4 treatment Herdade do Charqueirão Farm 

 

 

Graph 17 Phosphatase activity in each cover crop T4 treatment Herdade do Charqueirão Farm 
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Urease activity indicates urea transformation to ammonia by soil microorganism. Urease 

activity was higher in the spontaneous cover (T4-CE) and in the M2 (T4-M2). The lowest 

urease activity was observed in mix M1 (T4-M1; Graph 18). 

Regarding biological fertility index, this was increased in the case of M1 cover crop (T4-

M1; Graph 19) in comparison to remaining treatments. 

 

 

Graph 18 Urease activity in each cover crop T4 treatment Herdade do Charqueirão Farm 
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Graph 19 Biological fertility index in each cover crop T4 treatment Herdade do Charqueirão Farm 

 

III. Disease prevalence 
 

III.1. Xylella fastidiosa disease control 

Plant tissues will be sampled 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) in case of alarm about XF will be detected. 
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IV.1. Weather conditions 
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Relative Medium Humidity (%), and Cumulative ET0 (mm). 
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Regarding the climatic data recorded, no extreme meteorological phenomena have been 

observed that may have affected the treatments applied on Herdade do Charqueirão farm. 
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V. Quality 
 

V.1. Humidity, crude fat specific weight 

Regarding the quality of the almonds obtained in each of the treatments, no twins kernels 

was detected. Moreover, humidity parameter was subjected to analysis. In this case, it is 

observed that the T1 treatment increased the humidity of the fruits obtained by only 4%, 

while the T2 treatment increased the humidity of the fruit by 10% (Graph 20). 

 

Graph 20 Almond humidity percentage cv. Constanti 

 

  

Regarding the specific weight of the seeds obtained, no differences were observed between 

treatments between the control and the T1 treatment. While the T2 treatment, subjected to 

a hydric deficit, a slight decrease in the specific weight of the almonds is observed. 
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Graph 21 Specific weight Cv Constanti 

 

Regarding crude fat, no treatment effects were observed on this parameter on cv 

Constanti.  

 

 

Graph 22 Crude fat Cv Constanti 
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With respect to the Vayro variety, where the cover crops were planted this year, a 

notorious decreased in humidity was observed in T4 treatment (Graph 23). About specific 

weight decrease in the specific weight was observed in all the plant cover crops (Graph 

24). However, crude fat slightly increased in T4 treatments respect to T0 control (Graph 

25). It is noteworthy that the almond tree is a crop that experiences the phenomenon of 

alternate bearing, that is, a very abundant harvest season followed by a poor harvest year. 

In 2020, the trees of treatment T4 were in an off year, that is, of low harvest. This is to say 

that the low harvest observed is not linked to treatments applications. 

 

Graph 23 Humidity cv Vayro 
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Graph 24 cv Vayro specific weight 

 

 

Graph 25 Cv Vayro crude fat 
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T4_Vayro_Glifo <LD <LD <LD <LD <LD 

T4_Vayro_M1 <LD 271.8 7.9 <LD <LD 

T4_Vayro_M2 1.2 258.7 <LD <LD 2.1 

T4_Vayro_M3 1.1 255.6 6.6 <LD <LD 

T4_Vayro_M4 <LD <LD <LD <LD <LD 

T3_Belona <LD <LD <LD 47.9 <LD 

 

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). Both values were calculated each year. 

 T0 T1 T2 

WUE 0,43 0,51 0,30 

 

 

VI.2. Irrigation water productivity (IWP) 

 The IWP is the relation between annual yield (kg) and water applied (m3). Both 

values were calculated each year. 

 T0 T1 T2 

IWP 0,80 0,95 0,74 

 

 

VII. Carbon footprint 
 

VII.1. CO2 emitted during the agricultural processes 
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  CO2 emitted in each farm will be estimated by Carbon Footprint Assessment 

ISO/TS 14067:2013 at the end of the project. 

 

VIII. Biodiversity 
 

VIII.1. Auxiliary fauna 

 Nest hotels were installed in September 2020 evaluation will be done in 2021 

autumn (September; Image 21). Occupancy rate of hotels nests and insect boxes will be 

determined by visual counting every autumn. 

 

Image 21 Installation of bug hotels and nest boxes in Herdade do Charqueirão Farm 
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1. Treatment s 

On the table  description of the standard procedures in each crop and the 

additional application depending on the treatment. 
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Image 22 La Traversagna farm treatments distribution 

1.1 Applications 

 

Treatments applications was done as described in the following table: 

Treatments Products Dose Date 

T0 
Control 

(Conventional methods) 
  

T1 

MST-NP 1 kg/ha 1/04/2020 

Procrop ISR 2 l/ha 01/04/2020 

T3 Cover crops  1/09/2019 

T3.1 Plant Cover Mixture 30 kg/ha 1/09/2019 

T3.2 Farm Cover Crop - 1/09/2019 
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T3.3 Tilling - 1/09/2019 

T4 T1+T3 

MST-NP (1 kg/ha) 

Procrop ISR 

(2 l/ha) 

1/04/2020 

 

 

 

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 LA Traversagna farm every week to verify the correct implementation of the 

treatments and its evolution. The results in the second season (2020) obtained are 

described below. 

 

I. Tree Health 
 

I.1. Nutrient state through foliar analysis 

Foliar analysis shows an increase in all the nutritional elements analyzed in 

treatment T1 with respect to the control treatment. Highlights the increase in elements 

such as nitrogen, phosphorus, potassium, essential elements for the growth and 

development of the crop. On the other hand, in the T3 treatment, the content of some 

elements decreased with respect to the control treatment, such as the content of 

nitrogen, iron and potassium. A similar situation was observed in treatment T4 where 

the foliar content of elements such as nitrogen, iron and potassium was reduced, but 

to a lesser extent compared to the reduction observed in treatment T3. Regarding 

these results, we could say that the general improvement observed in the nutritional 

status of the T1 treatment could be related to the application of biostimulants. While 
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cover crops treatment (T3), it is possible that some of them compete for resources 

with the olive crop. For this reason, the same pattern is observed in the T4 treatment, 

although not so abrupt due to the application of biostimulants in this case (Table 25). 

Table 25 Foliar content La Traversagna Farm 

  T0 T1 Respect T0 T3 Respect T0 T4 Respect T0 

Nitrogen (N%) 1.68 1.71 1.93% 1.64 -2.38% 1.66 -1.04% 

Phosphorus (P%) 1003.0 1052.0 4.89% 1054.0 5.08% 1026.3 2.32% 

Boron (B) 17.1 19.9 16.35% 17.7 3.36% 19.1 11.53% 

Magnesium (Mg) 1032.5 1157.0 12.06% 1089.3 5.50% 1127.8 9.23% 

Potassium (K) 15538.3 16771.5 7.94% 15247.8 -1.87% 15533.0 -0.03% 

Manganese (Mn) 23.5 25.3 7.68% 24.3 3.73% 25.6 9.17% 

Iron (Fe) 53.2 53.5 0.56% 47.9 -10.01% 50.6 -4.89% 

Cooper (Cu) 63.4 80.9 27.56% 74.4 17.35% 84.1 32.65% 

Zinc (Zn) 17.3 19.7 14.02% 19.3 11.71% 18.3 5.64% 

 

I.2. Tree temperature 

Due to the pandemic situation generated by the Covid-19 virus, the drone flight could 

not be carried out in Italy. An attempt was made to subcontract the service but due to 

the aforementioned situation it was not possible either. As soon as the situation 

returns to normal, the pending flight will take place. 

I.3. Vegetative development 

 

Table 26 shows a summary of the results obtained on the vegetative development 

obtained from satellite images. Due to the current exceptional circumstances, drone 

flights have been replaced by the analysis of satellite images from the platform that 

Greenfield brings to the project. 

 

Table 26  Mean NDVI values in different phenological stages in La Traversagna Farm 

 

Treatment 

Mean NDVI 

Flowering Pit Hardening* Oil  initiation Pre-Harvest Post-Harvest 

T0 0.77 0.72 0.56 0.74 0.81 
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T1 0.77 0.73 0.59 0.76 0.82 

T3 0.78 0.80 0.71 0.84 0.86 

T4 0.82 0.76 0.67 0.85 0.8 

 

In general, the Traversagna farm presented spatial heterogeneity in the vegetative 

development at the phenological stage of flowering (Image 23), with a higher average 

development in the T4 and T3 treatment. However, there are differences in vigor 

between the different repetitions of each treatment. 

T0 and T1 located to the south of the study plot presented the lowest vegetative 

development, the trend of which was maintained throughout the season. 

At the phenological stage of pit hardening (Image 24), vegetative development was 

reduced compared to the previous stage, indicating a lower photosynthetic activity.  

 

Image 23 Vegetative development spatial variability flowering stage La Traversagna Farm 
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Image 24 Vegetative development spatial variability pit hardening stage La Traversagna Farm 

 

But its distribution seems to indicate that the reason was not caused by the treatments 

themselves. 

Regarding spatial variability, T3 and T4 maintained the highest NDVI values, but the 

repetitions with the highest value in flowering became the lowest in this phenological 

stage. 

In the initial stage of fat production, the vegetation index continued to decrease although it 

is observed that some activity was carried out in certain repetitions of T3 and T4 (Image 

25), presenting NDVI values even higher than in the previous stage. T0 and T1 of the south 

of the plot presented values close to those that would present a bare soil. 

Preharvest and postharvest showed high NDVI values (Image 26; Image 27) in almost all 

of the treatments (Except T0 and T1 in the south of the plot). The effect may be due to 

increased vegetation between the streets. 
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Image 25 Vegetative development spatial variability in oil initiation La Traversagna Farm 

 

 

Image 26 Vegetative development spatial variability at pretharvest stage in La Traversagna 






















