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Abstract

:

The efficacy of soil conditioner (vermicompost tea), fertiliser (potassium silicate), and biological control agents (BCAs) as practical agroecological copper alternatives against olive leaf spot (Spilocaea oleaginea (Cast.) Hughe.) disease was investigated between 2018 and 2021 under organic management in a Mediterranean climate. In total, 9 agroecological alternatives to copper oxychloride (vermicompost tea, potassium silicate, Bacillus subtilis EU 007 WP, Platanus orientalis leaf extract, Mycorrhiza mix, seaweed commercial product, Trichoderma citrinoviride TR1, vermicompost tea+Platanus orientalis mix, Penicillium (Mouldy bread pieces)) were applied to olive trees in a randomised block design with 4 replicationsTotal water soluble phenol compounds (TWSP) were found to be the main bioindicator to assess the alternatives and their potential to phase-out copper application. Results related to TWSP indicated that copper oxychloride (control), potassium silicate and vermicompost tea showed significantly higher content of TWSP as we compared zero application of copper and other treatments. These stimulate the antioxidant capacity in olive fruits and reduce the olive leaf spot disease incidence. The pollution effect of copper was monitored during the trial to identify soil pollution in the organic in-conversion experimental land. The total annual ‘active copper’ application was 4.7 kg.ha−1.year−1 and this is in accordance with the legal organic legislation of Turkey. During the conversion period from conventional to organic management, we determined approximately 50% reduced copper content in the soil 0–30 cm depth samples in 2020 (3.70 mg.kg−1) as it is compared to those initial samples (6.43 mg.kg−1) in 2018. We conclude that alternatives to copper that are easily accessible, e.g., vermicompost tea, have a potential for use in organic olive production to replace copper in mitigating olive leaf spots. Furthermore, we find that reduced copper application in organic management with the aim to decrease copper accumulation in soil, fruits and leaves was not yet enough to reduce copper to satisfactory levels. We conclude that further research with the aim of a total replacement of copper fungicide treatments in organic and non-organic systems is needed.
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1. Introduction


In recent years there has been a great concern related to the conservation of agricultural lands [1] Sustainable farming systems increasingly question health this concept, among others, the phasing out peat, plastic and copper from existing certified organic agricultural production has been examined in the Organic-PLUS project (EU funded GA 774340) [2]. Ongoing and planned activities by the Ministry of Agriculture and Forestry of Turkey within Organic-PLUS included trials to investigate the best possible alternatives to replace copper under certified organic (=ecological; =biological) agriculture management.



The United States Environmental Protection Agency (EPA, 2021) [1] and Oorts (2012) [3] reported that copper is a metal and vital micronutrient for all living organisms that occurs naturally in rocks, soil, water and sediments, and even in very small amounts in the air [1,3]. While copper’s main function is on enzymes that catalyse oxidative reactions in plant metabolism [4], agricultural management that includes copper can lead to environmental contamination with effects on plant and soil properties [1,3,5,6]. In the prevention of fungal diseases, copper preparations are widely used. Copper binds strongly to organic matter and other components in the soil, such as clay and silt. Compost also has a possible risk of toxicity as a source of this element (and other heavy metals) if the source materials are contaminated. Copper and copper compounds can lixiviate with the action of water and can be leached into groundwater [1]. As a result, copper, mixed with water sources, accumulates in sediments in rivers, lakes and other sources. Copper binds to proteins and disrupts the structure of proteins and cell membranes [1]. Thus, it causes the death of not only fungi but also algae in aquatic ecosystems. Copper is a health concern for humans, even in a small quantity [1].



In Turkey, operative “Control of Soil Pollution” legislation (Official Gazette, 31 May 2005, 25831) addressed Cu limitations in the soil (50 mg.kg−1 (pH 5–6) and 140 mg.kg−1 (pH > 6)) and groundwater (51 mg.kg−1 DM) [7]. However, “Organic Agriculture Law” and current related legislation (Official Gazette, 10 January 2018, 30297) limited Cu application to 6 kg.ha−1.year−1 over a 5-year production period [8]. The case farm (İzmir-Turkey) is in a lowland suburban area where the production of olives is dominant. Although copper application at the case farm is lower than that reported in other countries [9] new EU regulation limits Cu to 4 kg.ha−1.year−1 and 28 kg.ha−1.year−1 over 7 years; compared to this the application is just within this legislation of Turkey, and applicable if olive products are exported to EU countries, as shown by Katsoulas et al., 2020 [9].



In Turkey, the production of olives for table consumption accounted for 513,000 tonnes and 803,000 tonnes for oil production in 2020 [10]. In Turkey table olive is about 25% of total olive production (1.5 million tonnes in 2019–2020) [11]. Table olive is one of the main components of the Mediterranean diet and consumer interest has been increasing due to its valuable nutritional content [12]. Olive holds great prominence in organic production in Turkey, with shares reaching 10.2% of the total organic crop production and 86,049 ha of the total organic area [13]. During the Horizon 2020 project Organic-PLUS, Ministry of Agriculture and Forestry of Turkey conducted an olive trial to identify alternatives to copper in olive leaf spot (Venturia oleaginea = Spilocaea oleaginea (Cast.) Hughes = Cycloconium oleaginum Cast.) disease which not only affects the yield and the quality of olive trees in Turkey, but is also one of the major problems of olive cultivation worldwide. This fungal plant pathogen has been reported in Australia, Mediterranean countries (France, Spain, Portugal, Italy, Cyprus, Greece, Tunisia, Turkey, Morocco, Israel), Russia′s eastern Black Sea coast, South Africa, USA (California), and some of the South American countries (Chile, Peru, and Argentina). Prevalence of the olive leaf spot disease in olive cultivation lands and its economic importance in terms of yield in the world was reported in several publications ranging between 0% and 70% and have a strong relationship with climatic conditions. Integrated pest management and early warning system applications have shown promising results [14,15,16,17,18,19,20,21,22,23].



In Turkey, certified organic agricultural land is 646,247 ha which accounts for 1.7% of the total agricultural land of the country. The increased rate of converted lands from conventional to organic agriculture in the country is reported to be in the top ten countries of the world as it is in 2019 125,361 ha when compared to 2017 (520,886 ha). The total certified organic agricultural land and wild collection of the country was determined to be 809,471 ha. Additionally, Turkey is in the top ten in the World in terms of the number of organic farmers (79,563) and most of them are producing olive trees [13]. Recent changes in land use have attempted to address new problems related to previous Cu accumulations in water, compost and soil. A new generation of farmers demands different production techniques to enrich agrobiodiversity [24,25,26,27,28,29,30,31] This is a reliable ally in these farmers’ quest to mitigate climate change [32,33], the intention to protect food sovereignty [34] and the aim of increasing profitability of the farmers [35]. However, biodiversity loss is a phenomenon in all over the Earth as well as in Turkey. Moreover, many olive groves were established using olive genetic resources under agroecological management.



Many parts of olive trees, including fruit flesh and fruit stone, leaves, stems, branches, bark, wood, and roots contain phenols, natural antioxidants, and other valuable compounds in different concentrations that depend on olive variety and environmental conditions of the orchard [36,37]. Phenolic compounds, which are found in almost all parts of plants and are defined as secondary metabolites, stand out in terms of their antioxidant properties. They have an aromatic ring bearing one or more hydroxyl groups and can range from a simple compound to a high molecular polymer structure. Flavonoids carrying the C6–C3–C6 structure form approximately four thousand different phenolic compounds. The antioxidant activity of phenolic compounds depends on the number and positions of the hydroxyl groups and the nature of the substitutions in the aromatic rings. The processing of agricultural by-products produces significant amounts of phenolic-rich by-products that can be valuable sources of natural antioxidants. Some of these by-products have been the subject of research and have proven to be effective sources of phenolic antioxidants. The extraction and production of abundant natural antioxidants from these agroindustrial wastes has great potential [38].



The objectives of this paper are to evaluate the effects of



	(a)

	
Fertilisers and BCAs on copper pollution in soil;




	(b)

	
Fertilisers and BCAs on olive leaf spot disease;




	(c)

	
TWSP content in olive fruit as a preventing factor of the olive leaf spot disease, and;




	(d)

	
Copper leaf-spray application on olive leaf and fruit copper content.







We also aimed to observe copper in olive tree production during the conversion period from conventional to organic management. The target was to increase the utilisation of promising alternatives to copper in commercial organic and non-organic olive orchards but also in a suburban site.




2. Materials and Methods


2.1. Study Site


Biological control agents (BCAs) were included as possible alternatives to copper against “olive leaf spot disease”. The experimental site was established in an organic olive orchard which is 28 years old planted with “Domat” table olive variety (distance between trees 5 m × 7.5 m), located in Zeytinliova, Akhisar, Manisa Province (Turkey) (38°96′3.7″ N 27°69.855′ E). The trial lasted three years from September 2018 to September 2021 (Figure 1).




2.2. Experimental Design and Field Management


In the study, N was applied annually at 300 g per tree. The fertilisation programme was based upon nitrogen dose which should be not exceeded 170 kg.ha−1.year−1 according to legislations of organic agriculture (Table 1).



The 44 plot trial was conducted using a randomised block design with 4 replications and 11 treatments including “copper” and “no application” control. There were two trees per plot. In this trial, several organic fertilisers were tested by MAF-ORI (Ministry of Agriculture and Forestry, Olive Research Institute (Izmir, TR). Details of the different applications in this study are shown in Table 2.



A scale from 0 to 5 was used to score the disease (Figure 2). Disease severity was calculated according to the Townsend–Heuberger Formula = [∑ (no. of plant in category × category value)] × 100/Total no. of plants × max. category value) [39]. In addition, fallen leaves were collected to quantify the fungal attack.



Available copper (Cu) in soil (in total 132 samples) was determined by ICP-OES (Varian-Vista) after extraction with 0.005 M DTPA + 0.01 M CaCl2 + 0.1 M TEA (titratable acidity) (pH 7.3) according to Lindsay and Norvell (1978) [40].



The samples of olive fruits (in total 88 samples) and leaves (in total 88 samples) were washed with 0.1 N HCl and 2 times with deionised water, then dried in an air circulating cabinet at 65 °C for 48 h (until constant weight) and ground in a tungsten coated mill. A total of 0.3 g of the milled plant parts were taken and dissolved in 5 mL 65% HNO3 and 3 mL distilled H2O in a microwave oven (180 °C) (Anton Paar Multiwave Pro 5000), the final volumes were diluted to 25 mL with ultra-deionised water and filtered through blue band filter paper. The concentration of Cu in the filtrate was determined by ICP-OES.



Analysis of the TWSP (total water-soluble phenol) content at each sapling setting was carried out. For the extraction of the samples, the methods of Bouaziz et al. (2008) [41] and Ranalli et al. (2006) [42] were modified and used. 1 g of sample was weighed, mixed with 50 mL of methanol/water 60:40 (v/v) and extracted by shaking for 1 h, then the mixture was filtered through blue band filter paper (S&S Filter Paper Circles 5893 blue ribbon, 125 mm, Germany). The total phenol contents (water soluble) of the extracts were determined according to Hrncirik and Fritsche (2004) [43]. According to this protocol, 0.1 mL of sample extracts was taken and placed in a 50 mL volumetric flask, then 5 mL of distilled water, 0.5 mL of Folin-Ciocalteu (Merck KGaA, Germany) solution was added to them and, after 3 min, 1 mL of sodium carbonate solution (35%, w/v) was added and the mixture was mixed with distilled water to 50 mL. After the solutions were kept in the dark for 2 h, the absorbance was measured against a blank solution with a spectrophotometer at 725 nm wavelength.




2.3. Sampling and Measurement


Olive soil (0–30 cm and 30–60 cm), and olive tree fruit and leaf samples were collected from each tree for preparation for laboratory analysis. Samples were collected in autumn for the three seasons (2018–2019, 2019–2020, and 2020–2021). Soil samples were collected according to Kacar (1977) [44] and leaves and fruits according to Kacar & Inal (2008) [45] and Reuter & Robinson (1986) [46].




2.4. Statistical Analysis


The statistical analysis was carried out with the software SAS (2007) JMP©, Version 7 (SAS Institute, Cary, NC, USA) [47]. A two-factor hierarchical analysis of variance with inequality of variance for copper and TWSP between the samples of the trial were carried out. Statistical differences between mean values were determined using T-Students and Tukey′s significant difference test at p < 0.05. A correlation matrix correlation coefficient was used to understand the relationships among the investigated parameters. Also, multiple pairwise comparisons of copper and TWSP for all materials were conducted as well as multiple pairwise comparisons within one sample.





3. Results


3.1. Copper in Soil, Leaf, and Fruit Samples in the Olive Trial


The initial soil analysis of samples (0–30 cm and 30–60 cm) showed that the trial site soil was loamy; low salinity; slightly alkaline; calcareous; very low in total organic matter; low in total nitrogen, available phosphorus, zinc and iron; high in available potassium, calcium; very high in magnesium; and sufficient in available manganese, copper and boron according to Kellogg (1952); Evliya (1964); Akalan (1965); Loue (1968); Olsen and Dean (1965); Pizer (1967); Follet and Lindsay (1970); Keren and Bingham (1985) [48,49,50,51,52,53,54,55]. N, P, K, Ca, Mg, Fe, Zn, Mn except Cu in olive leaves of the plots were determined as sufficient as classified by Anonim (1993) [56]. “Initial” (conventional) and “consecutive 2 years (2020 and 2021) (organic transition period)” results of copper content of soil, leaf and fruit samples collected in this study are presented in Table 3 and Table 4.



The initially available copper contents of the “Domat” olive cultivar, determined from the soil depth of 0–30 cm, ranged between 3.50–6.46 mg.kg−1, and in the soil samples taken from the soil depth of 30–60 cm, it ranged between 3.30–6.40 mg.kg−1. Those initial leaf and fruit copper contents were determined between 70.51–78.96 mg.kg−1 and 4.40–4.79 mg.kg−1, respectively.



The results of 2 consecutive years (organic conversion period 2020 and 2021) of the soil copper content at 0–30 cm depth ranged from 3.67–3.81 mg.kg−1 (2020), 1.12–4.23 mg.kg−1 (2021) and in samples taken at 30–60 cm depth, the results ranged from 1.81–3.40 mg.kg−1 (2020), 0.80–3.43 mg.kg−1 (2021). The minimum and maximum copper contents in leaves and fruits ranged between 7.80–78.43 mg.kg−1 (2020), 6.13–6.70 mg.kg−1 (2021) and 2.51–2.98 mg.kg−1 (2020), 2.16–2.45 mg.kg−1 (2021), respectively. We found very high leaf values in Cu applications as 69 mg.kg−1 in 2020 and 81 mg.kg−1 in 2021.




3.2. Disease Severity and Efficiency Levels of the Treatments and Total Water Soluble Phenol Results


According to field trials, the severity of the disease was found lowest in copper oxychloride (control 1) (2.7%); potassium silicate (7.9%) and vermicompost tea (9.8%) followed the copper application, while the non-treated control (control 2) was found the highest at 23% according to visual observation in Figure 2. The Mycorrhiza mix and Trichoderma citrinoviride TR1 had 21.2% and 15.8%, respectively. The visual assessments in the lab of the treatment effects showed compatible results with the efficiency levels and TWSP.



In open field conditions, copper oxychloride (control 1) showed 88.5% efficiency and potassium silicate (66.4%) and vermicompost tea (58.4%) followed the copper control. The lowest efficiency resulted from the seaweed (7.7%). Mycorrhiza mix and Trichoderma citrinoviride TR1 had 10.5% and 33.5%, respectively. Among the 11 treatments, 4 alternative inputs to copper were shown to reduce olive leaf spot incidence in the organically managed olive growth. Those correlated with TWSP contents (Table 5). This means potassium silicate (KSiO3), vermicompost tea, Mycorrhiza mix and Trichoderma citrinoviride TR1 applications elevated TWSP capacity and then the disease attack in those treatments decreased according to the 0–5 scale of visual observations recorded in May–June 2021. All other treatment performances were found to be worse than potassium silicate (KSiO3), vermicompost tea, Mycorrhiza mix and Trichoderma citrinoviride TR1 plots. Results were in accordance with TWSP contents. TWSP (mg CAE. 100g−1 olive fruit) content of treatments used in this study and controls are shown in Table 5 and Figure 2.



Lower olive leaf spot disease incidence was observed when potassium silicate and vermicompost tea was applied. In this trial, higher content of TWSP resulted from potassium silicate, vermicompost tea, Mycorrhiza mix, and Trichoderma citrinoviride TR1. This stimulates antioxidant capacity in olive fruit and addressed the olive leaf spot so disease incidence was decreased as compared to other treatments.





4. Discussion


4.1. Copper Content of Soil, Leaf, and Fruit


It was clearly determined that the copper content of initial (conventional) and copper oxychloride plots in 0–30 cm and 30–60 cm soil samples were higher than in the nine agroecological treatments. During the conversion period from conventional to organic management, we determined approximately 50% reduced copper content in the soil 0–30 cm depth samples in 2020 (3.70 mg.kg−1) as it is compared to those initial samples (6.43 mg.kg−1) in 2018. However, there is a requirement to check for contamination in deeper parts of the soil.



According to Follet and Lindsay (1970) [54] and Anonim (1993) [56] references, soil and leaf results showed that samples contain sufficient copper. However, it is reported that in the areas where pollution risk occurred in suburban olive groves the 0.2 mg.kg−1 threshold value was greatly exceeded. When we compare the copper content in the soil, leaf, and fruit samples between the conventional and end of the organic transition period (Table 6), an inference can be made that a reduction in copper occurred even when copper continued to be applied in the form of copper oxychloride after 3 years of organic management in the trial site. Ozturk et al. (2021) [57] reported related to copper content results of pollution risk in Turkey. Likewise, our results are compatible with those reports, especially for initial samples of soil, leaf and fruit. Reports indicated that Akhisar-Manisa Province, where our trial site was located, is a copper accumulation risk area [57]. Aydogdu (2011) found average copper contents of the ‘Domat’ variety to be 8.13 mg.kg−1 in leaf samples in September and 5.12 mg.kg−1 in fruit samples; from the soil depth of 0–30 cm, it ranged between 1.2–3.3 mg.kg−1, and in the soil samples taken from the soil depth of 30–60 cm, it ranged between 1.1–2.6 mg.kg−1 in a conventional olive growth in Akhisar-Manisa Province [58]. We obtained lower average fruit copper in initial samples than Aydogdu (2011). In contrast, in soil samples, our results were higher than the results Aydogdu reported in 2011. This suggests that the accumulation of soil copper rose over several years in the trial site, Akhisar-Manisa. However, we determined very high copper in soil samples of control 1-copper oxychloride plots. This result is one more justification for zero copper application requirement in sustainable farming systems. On the other hand, in an organic olive grove, the copper content of the garden soil taken before the experiment was determined as 0.29 mg/kg at 0–30 cm and 0.25 mg/kg at 30–60 cm in Aydın Province (Turkey) [59]. In Ayvacık-Canakkale Province, in a conventional olive grove, soil varied between 0.16–1.72 mg.kg−1, while the lowest and highest values of organic conversion cultivated olive soils were found to be between 0.46–1.47 in different soil depths of the trial site [60]. We found higher reported soil copper contents than Sahin (2013) [59] in Aydın and Eryüce (2010) [60] in Çanakkale Province of Turkey. This result was probably obtained from their sloping olive orchard trial sites where the input applications are very low, as it is reported in Katsoulas et al. (2020) [9] for copper.




4.2. Total Water Soluble Phenol


Recent reports about phenolic compound contents of “Domat” table olive variety under conventional farming experimental practices are listed in Table 6. Represented results reported in the literature (Table 6) are all compatible with our TWSP results and within the limits of those research findings. Ozturk et. al. (2021) [57] reported that olive growth is highly widespread in Turkey and “oleuropein” is one of the phenolic compounds of the olive tree has a protection effect against diseases [57].



In our trial, the amount of water-soluble phenols in the group treated with copper oxychloride is significantly higher than in the other groups. This group is followed by potassium silicate and vermicompost tea treated groups, respectively. In addition, although p. orientalis and vermicompost tea cause an increase in the amount of phenol when applied separately, they have an antagonistic effect and cause a decrease in the amount of phenol when applied together as a treatment (p. orientalis + Vermicompost tea). When we compare the groups with increased phenol content (copper oxychloride, potassium silicate, vermicompost tea, Mycorrhiza mix, and Trichoderma citrinoviride TR1) with other treatments, it can be said that these groups will be more resistant to olive leaf spot (S. oleginea) disease attack. The results showed that the tolerance capacity of S. oleginea might be related to the content of phenolic compounds in these treatments. Higher content of total phenolic reflected lower disease incidence. This might be due to the high antioxidant activity of polyphenols which is mainly due to their redox properties and neutralising reactive oxygen species (ROS) induced by S. oleginea allowing the plant to tolerate biotic stress It is possible to propose that the relationship between phenol capacity and plant tolerance to S. oleginea in fertiliser and BCA-treated olive plants supports the idea of some protection by radical scavenging. In other words, reactive oxygen species formed in Spiloceae-induced cells may be swept by polyphenols, allowing the plant to tolerate this stress.





5. Conclusions


The investigation has shown that copper oxychloride application against olive leaf spot disease under organic management in olive grows of the experimental site results in the risk of accumulation of copper in the soil. Furthermore, it is concluded that besides the soil accumulation risks, there is a risk of plant bioaccumulation. Olive branches with leaves can have a higher copper load. Therefore, composting olive pruning branches which, include higher copper contents in these plant parts need special attention. This is to avoid adding extra copper to the soil where it might accumulate e.g., in raised beds built with a lot of composted material. The other possible risk of losing available copper in the soil was due to additional copper washing off the leaves during the rainy season. Thus, we also conclude that alternatives to copper could be applied periodically, especially during periods of higher rainfall. This should be taken into consideration in methods and directives of organic good agricultural practices, and equally integrated management in order to make the best use of the increasingly limited amount of copper being allowed.



Some copper alternative treatments (potassium silicate, vermicompost tea, Mycorrhiza mix, and Trichoderma citrinoviride TR1) resulted in a higher content of TWSP. This stimulates antioxidant capacity in olive fruits and therefore the olive leaf spot disease incidence was decreased as compared to other BCA treatments. We conclude that alternative inputs like vermicompost tea have the potential to be advised for organic urban olive production to replace copper sulphate or copper oxychloride against olive leaf spot disease in the near future. Vermicompost tea can be made in small batches suitable for urban production, however, with larger equipment, this can also be an option for commercial scale organic orchards. Furthermore, we argue that even if the schedule of copper application is compatible with the DSS-Decision Support System (early warning system) to decrease copper application doses in organic management, even reduced copper amounts have the potential to pollute the soil, as well as to be accumulated in fruits and leaves of olive trees. Based on our practical in-field research, we conclude that the alternative inputs tested can be advised for both organic urban crop production, and commercial organic and also non-organic (integrated) production systems.
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Figure 1. Geographic location of the experimental site (a) and fruits of “Domat” variety (b). 
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Figure 2. 0–5 Scale: Appearance of symptoms on the leaf area (%). 
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Table 1. Fertilisation programme of the copper trial.






Table 1. Fertilisation programme of the copper trial.





	
Application of

Fertiliser

	
Application

Dates of

Fertilisers

(Year/Season)

	
Contents of Applied Certified

Organic Commercial

Fertilisers * (A, B, and C) (w/w)

in Each Year **

	
Applied Cu ***

Doses to Leaves of Olive Tree for the Disease

(kg.ha−1.year−1)






	
Soil

	
2018/Early-April

2019/Late-March

2020/Late-April

	
A—An annual dose of 0.8 Liters per hectare of N and P, applied 4 times. The fertiliser contain Bacilullus subtilis 1 × 109 KOB.mL−1 and Baciullus megaterium 1 × 108 KOB.mL−1

	
4.7




	
2018/Early-April

2019/Late-March

2020/Late-April

	
B—An annual dose of 1.2 Liters per hectare of K, applied in 4 times. The fertiliser contains 15% Organic matter, 6%, Organic Carbon, and 1% water soluble K2O




	
2018/Early-April

2019/Late-March

2020/Late-April

	
C—An annual dose of 0.9 Liters per hectare of Compost Tea (Derived from plants), applied in 4 times. The fertiliser contains, 35% Organic matter, 24% Organic Carbon, and 2.5% Total Nitrogen








* All fertilisers (A, B, and C) were applied each year. ** Organically Certified, liquid, in the IFOAM and OMRI list and local production. *** Applied only to copper oxychloride treatment plots.
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Table 2. Periods and doses of eleven treatments in the copper field trial.
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	Treatment
	Details of Application





	1
	Copper

oxychloride * (Control 1)
	Total applied copper 6 kg/ha/year, WG, 4 g. 20 L−1 water, [700 g/L metallic copper equivalent commercial product, appl. dosage is 150 cc/100 L water], applied after early warning system alarms with “leaf spray” application system (within 48 h after Decision support system-DSS (early warning system) signal occurred)



	2
	Bacillus subtilis EU 007 WP
	1 × 104−6 CFU, applied after early warning system alarms with “leaf spray” application system (within 48 h after early warning signal occurred).



	3
	Platanus orientalis (extract of leaves)
	Extracted in boiling water, 25 leaves. 20 L−1 water, home-made, applied after early warning system alarms with “leaf spray” application system (within 48 h after early warning signal occurred)



	4
	Vermicompost tea *
	Liquid, 30 cc. 20 L−1 water, commercial product, applied after early warning system alarms with “leaf spray” application system (within 48 h after early warning signal occurred).



	5
	Mycorrhiza mix *
	WP, 3.2 g. 20 L−1 water, commercial product, applied “drench from soil” application system. Application made according to the phenologic stage of the tree. (a—1 month before the autumn leaves are seen, b—1 month before the spring leaves are seen, c—before the flower buds are seen)



	6
	Seaweed® *
	WP, 14 g. 20 L−1 water, commercial product, applied after early warning system alarms with “leaf spray “application system (within 48 h after signal early warning occurred)



	7
	Trichoderma citrinoviride TR1
	1 × 106 CFU, applied “drench from soil” application system. Application made according to the phenologic sage of tree. (a—1 month before the autumn leaves are seen, b—1 month before the spring leaves are seen, c—before the flower buds are seen)



	8
	Zero application

(Control 2)
	Untreated control (only irrigation)



	9
	Potassium

silicate (KSiO3)
	Liquid, 250 cc. 20 L−1 water, commercial product, “drench from soil” application system approx. 80–100 cc KSiO3 per tree. Application made according

to the phenologic sage of tree. (a—1 month before the autumn leaves are seen, b—1 month before the spring leaves are seen, c—before the flower buds are seen)



	10
	Vermicompost + Platanus orientalis (extract of leaves)
	Liquid, 50% of each, applied after early warning system alarms with “leaf spray” application system



	11
	Penicillium
	Mouldy bread pieces, 4 kg per tree, “mix into soil 0–20 cm depth” application system. Application made according to the phenologic sage of tree. (a—1 month before the autumn leaves are seen, b—1 month before the spring leaves are seen, c—before the flower buds are seen).







* All commercial products have organic certificates according to Turkish Law and Legislations.
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Table 3. Initial copper content a of soil, leaf and fruit samples (sampled in 2018).
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No

	
Treatment

	

	
Soil Available Cu

	
Leaf Cu

	
Fruit Cu




	

	

	
0–30 cm

	
30–60 cm

	
Initial ** (mg.kg−1)

	






	
1

	
Copper oxychloride

(Control 1) b

	
6.43

	
6.20

	
71.42

	
4.59




	
2

	
Bacillus subtilis EU 007 WP

	
3.50

	
3.45

	
77.45

	
4.40




	
3

	
Platanus orientalis

	
5.53

	
4.55

	
76.45

	
4.45




	
4

	
Vermicompost

	
4.43

	
3.80

	
74.48

	
4.40




	
5

	
Mycorrhiza

	
3.75

	
3.30

	
70.76

	
4.67




	
6

	
Seaweed

	
6.00

	
5.56

	
74.84

	
4.48




	
7

	
Trichoderma citrinoviride TR1

	
5.30

	
5.10

	
71.30

	
4.43




	
8

	
Zero application (Control 2)

	
4.30

	
4.23

	
74.86

	
4.76




	
9

	
Potassium silicate (KSiO3)

	
6.46

	
6.40

	
78.96

	
4.79




	
10

	
Vermicompost + P. orientalis

	
4.00

	
3.90

	
70.51

	
4.60




	
11

	
Penicillium

	
3.50

	
3.00

	
76.20

	
4.41




	
CV * (%)

	
14.2

	
14.5

	
9.4

	
8.1




	
p-value ≤ 0.05: *

	
ns

	
ns

	
ns

	
ns








a Average of replications; b “Copper sulphate” was applied for many years before trials in conventional olive production. * coefficient of variation. ns = not significant. ** Logarithmic transformation is applied.
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Table 4. Copper a content of soil, leaf and fruit sample results b in 2020 and 2021. Letters indicate significant differences.
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2020

	

	

	
2021

	




	
No

	
Treatments

	
Soil Available Cu

(mg.kg−1)

	
Leaf Cu

(mg.kg−1)

	
Fruit Cu

(mg.kg−1)

	
Soil Available Cu

(mg.kg−1)

	
Leaf Cu

(mg.kg−1)

	
Fruit Cu

(mg.kg−1)




	

	

	
0–30 cm

	
30–60 cm

	

	

	
0–30 cm

	
30–60 cm






	
1

	
Copper oxychloride (Control 1)

	
3.81

	
3.21 A

	
68.63 A

	
2.48

	
0.92 A

	
3.24 A

	
80.75 A

	
2.17




	
2

	
Bacillus subtulis EU 007 WP

	
3.70

	
2.42 B

	
28.80 B

	
2.40

	
0.84 B

	
1.07 B

	
7.97 C–E

	
2.13




	
3

	
Platanus orientalis

	
3.71

	
2.40 B

	
15.94 B–D

	
2.21

	
0.84 AB

	
1.17 B

	
7.12 DE

	
2.05




	
4

	
Vermicompost

	
3.70

	
2.21 B

	
23.48 BC

	
2.36

	
0.84 AB

	
1.50 B

	
6.67 E

	
2.14




	
5

	
Mycorrhiza

	
3.72

	
2.36 B

	
21.92 BC

	
2.44

	
0.90 AB

	
1.40 B

	
6.70 E

	
2.21




	
6

	
Seaweed

	
3.70

	
2.32 B

	
11.61 D

	
2.36

	
0.86 AB

	
1.09 B

	
8.57 CD

	
2.11




	
7

	
Trichoderma citrinoviride TR1

	
3.71

	
2.18 B

	
23.61 BC

	
2.41

	
0.89 AB

	
1.51 B

	
7.12 C–E

	
2.27




	
8

	
Zero application (Control 2)

	
3.71

	
2.14 B

	
15.48 B–D

	
2.36

	
0.85 AB

	
1.42 B

	
9.02 C

	
2.16




	
9

	
Potassium silicate (KSiO3)

	
3.67

	
2.14 B

	
16.34 B–D

	
2.24

	
0.92 A

	
1.38 B

	
13.19 B

	
2.13




	
10

	
Vermicompost + P. orientalis

	
3.71

	
2.66 AB

	
23.74 BC

	
2.36

	
0.85 AB

	
1.09 B

	
7.53 C–E

	
2.06




	
11

	
Penicillium

	
3.74

	
2.21 B

	
13.28 CD

	
2.29

	
0.87 AB

	
1.36 B

	
6.80 E

	
2.13




	

	
CV *** (%)

	
0.04

	
0.02

	
0.12

	
0.06

	
0.004

	
0.04

	
0,12

	
0.02




	

	
p-value ≤ 0.05: *

	
*

	
*

	
*

	
ns

	
*

	
*

	
*

	
ns








a During the trial (2019–2021) copper oxychloride was applied. b Logarithmic transformation is applied. *** coefficient of variation. * significant. ns = not significant. 
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Table 5. TWSP (mgCAE.100g−1 olive fruit) content in the trial. Letters indicate significant differences.
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No

	
Treatment

	
Average of

Replications

	
Standard

Deviation






	
1

	
Copper oxychloride (Control 1)

	
202.78 A

	
14.33




	
9

	
Potassium silicate (KSiO3)

	
195.31 AB

	
29.13




	
4

	
Vermicompost tea

	
180.95 B

	
11.32




	
5

	
Mycorrhiza mix

	
178.77 B

	
9.94




	
7

	
Trichoderma citrinoviride TR1

	
178.31 B

	
13.16




	
3

	
Platanus orientalis (extract of leaves)

	
164.68 C

	
7.39




	
8

	
No application (Control 2)

	
162.86 C

	
10.23




	
10

	
Vermicompost + Platanus orientalis (extract of leaves)

	
160.85 C

	
6.50




	
11

	
Penicillium (Mouldy bread pieces)

	
156.82 C

	
7.11




	
6

	
Seaweed

	
139.59 C

	
11.16




	
2

	
Bacillus subtilis EU 007 WP

	
137.87 C

	
9.75




	
CV (coefficient of variation) (%)

	
2.08




	
p-value ≤ 0.05: *

	
*








* significant.
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Table 6. Recently published results of phenol contents in raw olive fruits (expressed on a fresh weight basis).






Table 6. Recently published results of phenol contents in raw olive fruits (expressed on a fresh weight basis).





	No
	Phenol Content
	Publication





	1
	“Domat” variety:

245 mg CAE */100 g (in 2014) and

303.6 mg CAE/100 g (in 2015)
	[61] Ozturk Gungor, 2020



	2
	144.0–674.0 mg GAE **/100g
	[62] Ben Othman et al. (2008)



	3
	306–550.3 mg GAE/100g
	[63] Piga et al. (2005)



	4
	206.5 mg CAE/100g
	[64] Pirgün (2007)



	5
	110–239 mg CAE/100 g
	[65] Lanza et al. (2013)



	6
	274.9 mg CAE/100 g
	[66] Irmak (2010)



	7
	124–1688 mg CAE/100 g.
	[67] Mettouchi et al. (2016)



	8
	“Domat” variety: 189.8 mg CAE/100 g
	[66] Irmak et al. (2010)







* CAE: caffeic acid equivalent; ** GAE: gallic acid equivalent; Note: Both acids can be used for the phenol analysis.
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