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Abstract

:

The activity of two zeolitites, differing in the presence of copper and their particle size, was assessed in a Trebbiano d’Abruzzo white berry cultivar, towards grapevine grey mould and sour rot, a serious problem in almost all grapevine-growing areas. In 2018 and 2019, zeolitites were applied before forecast of rainfalls, which likely induce infection. In 2019, further applications were carried out 10 or 2 days before harvest, regardless of the rainfall, in order to verify the effect of the zeolitite residue on leaf reflectance and composition of grapes and wines. Both zeolitites significantly reduced the infections. Only the vines treated 2 days before harvest, especially with copper zeolitite, showed a decrease in leaf reflectance. However, no differences in the yield composition related to the time of zeolitite application, as well as a decrease of yield quality, were ever recorded. Furthermore, analysis of samples collected from vines treated with zeolitites showed increases in grape soluble solids and in wine alcohol content. Our results suggest the use of zeolitites against grapevine rots as a possible effective alternative to the application of synthetic fungicides in the development of environmentally friendly control strategies.
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1. Introduction


Grey mould caused by Botrytis cinerea (= Botryotinia fuckeliana; [1]) and grapevine sour rot caused by a complex of filamentous fungi, saprophytic yeasts, and bacteria [2] are two important diseases of the grapevine, widespread in all grapevine-growing areas. The severity of these diseases is linked to rainfall and humidity conditions and increases during ripening, when an effective control is required in order to reduce yield losses and/or significant decreases in grape quality [3,4].



In Italy, the control strategy against grey mould relies on a preventive treatment at pre-bunch closure followed by one or two treatments during the ripening, depending on rainfall occurrence. Different synthetic fungicides are normally used in an integrated management, but with restrictions directed to both avoid the occurrence of B. cinerea-resistant strains and reduce their impact on the environment and on the yield. Biological control agents, resistance inducers and natural fungicides, as well as rock flours, such as zeolitites [5], are used in organic viticulture and are characterized by a greater flexibility of use, due to the general lack of undesirable effects. Moreover, biological and natural products can also be used in integrated control strategies, alternately with chemical treatments, thus reducing their use.



The control of sour rot is not always effective, because it is based on the side effects of fungicides used for the control of grey mould [6]. The use of preventive measures is also recommended, such as the choice of less sensitive cultivars, avoiding those with compact clusters [7], and the adoption of practices to reduce the occurrence of lesions in berries, caused by powdery mildew and/or Lobesia botrana.



The severity of the disease increases with transmission by insects of the pathogens responsible for sour rot, in particular by Drosophila spp. [8].



The adoption of cultural practices aimed at reducing the probability of infection is therefore recommended for the control of both grey mould and sour rot. The main practices are rows oriented in the direction of the prevailing winds to favour canopy aeration, avoiding excessive nitrogen fertilization, and leaf removal at pre-flowering, which is very effective in the case of grey mould, by reducing up to 50% of damage [9,10].



Zeolites are tectosilicates and include 52 different mineral species [11,12]. The crystal structure and cation-exchange capacity (ranging from 100 to 300 meq/100 g), the hydration properties, and the adsorption capacity are well-known characteristics of zeolites, as reported by different studies [13,14]. The zeolitites, which are zeolites-rich rocks with a high content of pure zeolite (>50%), have different areas of application [11].



In agriculture, zeolitites are mainly used to improve some characteristics of the soils associated with better absorption of water and nutrients [15,16]. Some beneficial effects of zeolite treatments on apple trees were also reported, showing in particular some increased photosynthesis, due to the ability of zeolitites to adsorb carbon dioxide [17].



On the other hand, zeolitites are little used to protect the plants from diseases and pests [18]. For the first time, the effectiveness of zeolitites in the control of grey mould, sour rot, and L. botrana on grapevine has been preliminarily demonstrated in central Italy [5].



Nevertheless, the use of zeolitites in grapevine control strategies may have undesirable side effects in red-berry cultivars. In particular, applications that are too close to harvesting can cause decreases in the polyphenols and colour intensity in wines [5]. On the contrary, in white grape cultivars, the effects of an application close to harvest could be different. Zeolitites can act as a clarifying agent similar to bentonite, favouring tartaric and protein stability [19].



Therefore, it cannot be excluded that zeolitite applications carried out to protect vineyards against pests and diseases may also have favourable effects in the winemaking process of white cultivars.



The objective of the present study was to provide further evidence on the activity of zeolitites against grey mould and sour rot in a grapevine white cultivar, comparing two different zeolitite-based products. Furthermore, in the vines treated with these products, the effects of the deposit on leaf reflectance, and grape and wine composition were also evaluated.




2. Materials and Methods


2.1. Zeolitite Based Products


The vineyard trials were carried out against grey mould and sour rot by comparing the activity of two formulations of Italian chabasite-rich zeolitites collected from quarries in Sorano (Grosseto), central Italy (Agrisana s.r.l.). Both zeolitites have a high content in chabasite, high values of cation exchange capacity (CEC) (2.17 meq/g), and water retention (48.5% p/p) [20]. The zeolitites differed for the presence of fine-size particles, and of copper in one of the two formulations. Copper, as sulfate pentahydrate and hydroxide, was industrially incorporated in the crystal structure of the zeolitite, in order to increase its persistence of activity thanks to a better availability over time. This product has a copper concentration of 6% for a potential activity against downy mildew. The first zeolitite was named Italian chabasite-rich zeolitite (ICZ) [5], the second one Italian copper chabasite-rich zeolitite (ICZCu).




2.2. Zeolitite Application and Disease Assessment


The trials were carried out in a 42-year-old vineyard located in Controguerra (TE, central Italy), cv. Trebbiano d’Abruzzo on 420A rootstock, Geneva Double Curtain (GDC) as a training system and plants spaced 2 m inter and 4 m between the rows, respectively. The vineyard was planted on a clayey-calcareous soil, with an average yield per vine ranging from 13 to 16.5 kg of grapes.



The trials were carried out in 2018 and 2019. The vineyard had a slope of 15%. Therefore, 3 blocks of the same size (1144 m2) were identified as the highest (called “Upper zone”), the median (“Central zone”), and the lowest (“Lower zone”) part of the vineyard. For each treatment (ICZ, ICZCu, and untreated control), three replicates, one per block, were set up. In each block, a replicate comprised 4 plots, each consisting of 14 plants arranged in 2 rows, taking care to avoid that the same treatment plot was not adjacent (Table 1).



In both years of the trial, in order to assess the activity of zeolitite formulations, the plots were treated according to the growth stage and rainfall, except for the application at pre-bunch closure (BBCH 77), which was carried out regardless of the climatic conditions (Table 1, Tables S1 and S2). In consideration of the low effect of B. cinerea infections up to the end of flowering, no applications were carried out until the “Berries pea-sized” (BBCH 75).



The zeolitite applications were based on the weather forecasts and carried out in the days immediately preceding the rains likely to induce infections, given the persistence and resistance to wash-off of the formulations [5]. After the applications, rainfall, temperature, and wetting were recorded from pre-flowering to harvest in order to verify the conditions predisposing the infection (Tables S1 and S2).



Leaf removal at the bunch zone was performed at the “Berries pea-sized” growth stage (BBCH 75) in both years of trials.



Zeolitites, as a wettable powder, were uniformly applied on the whole canopy by an air blast sprayer in a water volume of 500 L ha−1.



The assessments of activity against grey mould and sour rot were carried out on 12 September 2018 and on 8 September 2019. For each replicate of each treatment, 15 bunches were collected from plants located in the central position of each of the 4 plots in each of the 3 blocks. The percentage of infected bunches (incidence) and the percentage of infected berries (severity) were determined.




2.3. Effect of the Zeolitite Residue on Leaf Reflectance and on Grape and Wine Composition


In 2019, after the assessment of the activity towards grey mould and sour rot, ICZ and ICZCu were applied again. In each block, the applications were carried out on 9 September on 2 of the 4 plots of ICZ and ICZCu treatment, and on 17 September on the other two plots. Therefore, 5 treatments were considered by comparing ICZ-1 and ICZCu-1, associated with the application of 9 September; ICZ-2 and ICZCu-2, associated with the application of 17 September; and untreated control. Each treatment had 3 replicates, each represented by 2 plots in each of the three blocks. These additional zeolitite applications were carried out in order to assess the possible effect of zeolitite residue on the leaf reflectance, and on the composition of grapes and wines. Therefore, these applications were carried out regardless of the rainfall, which in turn did not occur until the harvest.



2.3.1. Leaf Reflectance


Leaf reflectance measurements were carried out on September 19th by means of a portable spectroradiometer mod. Fieldspec Pro®, Malvern Panalytical Ltd., Malvern, UK. For each block, in each of the two plots of each treatment, 3 plants were chosen from the central part of the plot. In each plant, 5 measurements of 5 leaves all exposed to the east and in full sun, for a total of 30 measurements per treatment, were carried out. The normalized difference vegetation index (NDVI) [21], and green normalized difference vegetation index (GNDVI) [22] were recorded. The trial compared the effect of zeolitite residue on leaf reflectance in the ICZ-1 and ICZCu-1 treatments in comparison with the ICZ-2 and ICZCu-2 treatments. ICZ-1 and ICZCu-1 and ICZ-2 and ICZCu-2 were applied 10 and 2 days before the assessment, respectively.




2.3.2. Grape and Wine Composition


At harvest, 8 plants of each treatment (ICZ-1, ICZ-2, ICZCu-1, ICZCu-2, and untreated control) were considered from the central part of 2 plots of each treatment, in each of the 3 blocks. Therefore, each treatment included 3 replicates (one per block).



The yield of the 8 plants of each treatment was weighed in each block to evaluate the average yield per vine.



In each block, a sample of 120 berries (15 berries per plant) was collected from the 8 plants of each treatment. The berries came from the wings, tips, and centres of different bunches. These berry samples were analysed for soluble solids (Brix), pH, and total acidity. Furthermore, the average weight of 30 berries and 30 grape seeds was determined (Table 2).



In each block, and for each treatment, a sample of 8 kg of grapes was collected (1 kg per plant, from the wings, tips, and centres of clusters), and considered as a replicate. Immediately after harvesting, the stalks were manually removed from the berries. Then, the berries were crushed with a manual press. Must yield was standardized to 65% (w: v). In total, 20 g hL−1 of commercial dry yeast (after rehydration) was added to the musts. Fermentation took place without the addition of SO2 and at a controlled temperature ranging from 18 to 20 °C.



After fermentation and decanting of the wine in 10-L glass demijohns, completed in 20 days, the wine was decanted again, and then bottled in 6 0.75-L bottles to avoid problems during the ageing. After 8 months of in-bottle ageing, a 100-mL−1 aliquot was taken from each of the 6 bottles; the different aliquots were mixed to obtain a 600-mL−1 sample for each of the 3 repetitions of each treatment. Each wine sample was analysed in accordance with the methods of the Official Gazette of the European Communities Regulation (EEC) No. 2676/90, Official Journal L 272, 3.10.1990 (Table 2) [23].





2.4. Statistical Analysis


Data related to (i) the activity of Italian chabasite-rich zeolitite (ICZ) and Italian copper chabasite-rich zeolitite (ICZCu) on grey mould and sour rot, (ii) the leaf reflectance of the plants treated with these products at different distances from the application, and (iii) the composition of grapes and wines were statistically analysed using Tukey’s honest significant difference (HSD) test at p = 0.05. Statistical analysis was performed using XLSTAT 2016 (Addinsoft, Paris, France).





3. Results


3.1. Zeolitite Activity


In Controguerra vineyard, the rainfall and leaf wetting period registered from pre-flowering to harvest maturity were 367 mm−1 and 281 h in 2018 and 202 mm−1 and 196 h in 2019, respectively (Tables S1 and S2). Despite these seasonal differences, the risk of infection assessed in these growth stages required four zeolitite applications in both years (Tables S1 and S2).



The infections showed different levels of incidence and severity depending on the annual rainfall, wetting period, and temperature, but the applications proved to be effective in both years (Tables S1 and S2 and Table 3).



At harvest, the incidence and severity of grey mould in the untreated control were 23.89% and 2.61% and 16.11% and 0.91% in 2018 and 2019, respectively (Table 3). Both zeolitite-based products showed a statistically significant reduction of grey mould infections both in 2018 and 2019 (Table 3). No significant differences were recorded between the two zeolitites. However, in 2018, vines treated with ICZCu showed a higher but not statistically significant reduction of disease incidence and severity compared to those treated with ICZ. In 2019, the activity of the products was very similar and ensured lower disease incidence and severity levels, not exceeding 5.00% and 0.08%, respectively (Table 3).



In both years of trials, the sour rot incidence and severity in the untreated control (40.00% and 3.86% in 2018, and 28.33% and 1.50% in 2019) were higher than those of grey mould (Table 3). The applications of the two different zeolitites were also effective against sour rot infections. As for grey mould, the two products showed similar levels of activity, in both years of the trial, with significant differences compared to the untreated control. The incidence of sour rot was 11.11% and 7.78% in 2018 and 7.22% and 4.44% in 2019 in ICZ and ICZCu, respectively, pointing out a higher but not statistically different activity of ICZCu compared to ICZ (Table 3).




3.2. Effect of the Zeolitite Residue on Leaf Reflectance and on Grape and Wine Composition


3.2.1. Leaf Reflectance


Leaf reflectance measurements, carried out in the Controguerra vineyard at harvest on 19 September 2019, did not show any differences for both products in the NDVI and GNDVI indices, between vines treated 10 days before the measurement (ICZ-1 and ICZCu-1) and the control (Table 4). Conversely, NDVI and GNDVI indices were different compared to the control, when vines were treated 2 days before the measurement (ICZ-2 and ICZCu-2).



In particular, significantly lower values of NDVI and GNDVI were found in ICZCu-2, in each of the three vineyard areas, upper, central, and lower, with differences in NDVI of 0.063, 0.075, and 0.076, and in GNDVI of 0.099, 0.080, and 0.086, compared to the untreated control (Table 4). The NDVI and GNDVI indices in ICZ-2 were higher but not statistically different from those of the ICZCu-2 and not always significantly lower than those recorded in the untreated control (Table 4).




3.2.2. Grape and Wine Composition


The grapes harvested from ICZ-1 and ICZ-2 treatments did not show any difference compared to the untreated control for any of the assessed parameters: yield per plant, pH, and seed or berry weight. However, soluble solids and total acidity were higher and lower, respectively, but not statistically different compared to the untreated control (Table 5). On the contrary, the grapes coming from ICZCu-1 and ICZCu-2 differed significantly in the level of soluble solids: 21.1 and 20.8° Brix, respectively, compared to the untreated control, 19.0° Brix (Table 5).



The grapes from ICZ-1 and ICZ-2 also showed a soluble solid content lower than that of ICZCu-1 and ICZCu-2 (Table 5). Moreover, total acidity was lower in ICZCu-1 and ICZCu-2 grapes than in ICZ-1 and ICZ-2, and in untreated control grapes (Table 5). The other parameters, yield per plant, pH, and seed or berry weight, did not differ among treatments (Table 5). Moreover, no differences were noticed between ICZ-1 and ICZ-2 and ICZCu-1 and ICZCu-2 (Table 5).



As for the grapes, the wine from bunches harvested in ICZ-1 and ICZ-2 did not show any statistical differences from the wine of the untreated control. Nevertheless, ethyl alcohol and total acidity contents were higher and lower, respectively, but not statistically different in comparison with the untreated control (Table 6). On the contrary, the wines of ICZCu-1 and ICZCu-2 had significantly higher ethyl alcohol levels of 1.2 and 1.1% vol. and lower levels of total acidity and malic acid compared to the untreated control (Table 6). ICZCu-1 and ICZCu-2 wine showed higher ethyl alcohol level and lower total acidity and malic acid levels than ICZ-1 and ICZ-2 wines but without any significant difference (Table 6). Residual sugars, pH, volatile acidity, and tartaric acid were not different among treatments (Table 6). As for grapes, no difference was found among the investigated enological parameters between ICZ-1 and ICZ-2, and between ICZCu-1 and ICZCu-2 treatments (Table 6).






4. Discussion


The modern approach in the control of pests and disease is based on innovative products and strategies aimed at reducing the impact on the environment, also ensuring human health [24,25,26]. Thus, this study was carried out in order to assess the activity of two environmentally friendly products based on chabasite-rich zeolitites against grapevine bunch rots.



The application of Italian chabasite-rich zeolitite (ICZ) carried out in the 2018–2019 period on vines of the cv. Trebbiano d’Abruzzo confirmed the efficacy against grey mould and sour rot already observed on Montepulciano and Cococciola grapevine cultivars [5].



Moreover, the most interesting results were obtained with the application of Italian copper chabasite-rich zeolitite (ICZCu), a new formulation, which showed results in some cases that were higher than those obtained with ICZ, and proved effective against downy mildew [27], probably also by the presence of copper in the formulation.



The activity of the two zeolitite products was also notable in severe disease pressure conditions, assessed especially for the sour rot. In the Controguerra vineyard, the incidence and severity of sour rot were higher than those detected for grey mould, in 2018 especially, when, however, both the zeolitite products showed effective control of the infections, significantly reducing yield losses.



The zeolitite applications carried out before rainfall associated with the infection occurrence were confirmed to be an effective strategy in the control of grapevine rots, thanks to the persistence and resistance to wash-off [5]. The layer of mineral particles that form on the treated plant and allows both water absorption [28,29] and formation of physical barrier is the main zeolitite mode of action towards the germination and development of the mycelium of rots [30].



The leaf reflectance measurements on the vines treated with the two different zeolitites did not show any differences compared to the untreated control in the NDVI and GNDVI indices, 10 days after application. The decrease of the two indices assessed two days after application, probably due to the zeolitite deposit on the leaf, was higher in the vines treated with ICZCu than in those treated with ICZ.



These differences were probably due to the greater presence of fine-size particles (5–10 µ). In fact, these particles are 70% in ICZCu whilst in ICZ they do not exceed 50% [31]. This characteristic probably gives ICZCu greater adhesion, persistence, and better coverage of the leaf surface.



Increases in net photosynthesis on apple trees treated with zeolitites were observed for 15 days after the application [17]. This effect was attributed to the CO2 absorption capacity by zeolitites, which would determine increases of carbon dioxide near the stomata. Therefore, it might not be excluded that the significant increase of grape soluble solids and wine alcohol content in vines treated with ICZCu is attributable to the different presence of fine size particles in the two products. These differences may be associated with different effects on leaf processes; likewise, the presence of copper in ICZCu contributed side activity in reducing grey mould [32,33].



For both zeolitites, the assessment of the effect of residue on the composition of grapes and wines did not show any differences between vines treated 2 or 10 days before harvest. No decrease of the yield quality was noticed. Therefore, the effects of zeolitites were attributable to the applications towards the infections, carried out from pre-flowering, before the expected rainfall. The increase of soluble solids and alcohol content, especially verified for ICZCu, might be associated with a leaf temperature reduction, due to the ability of the zeolitite to reflect the infrared radiation, which improves the water-use efficiency, yield, and fruit quality [17,34].



The possible quality increase of white wines regarding tartaric stability by adding 8 g of zeolitites L−1 [19] was not observed in the present study. As expected, this lack of an effect was probably due to the low amount of zeolitite residues, even in the case of application two days after sampling, compared to the quantity of zeolite used in the study mentioned above.




5. Conclusions


Our results confirmed the ability of zeolitites to reduce the infection of grey mould and sour rot, encouraging their use in organic and integrated viticulture. Moreover, the Italian copper chabasite-rich zeolitite, for its activity towards downy mildew, can be simultaneously and effectively applied against the main grapevine diseases, according to the epidemiological patterns associated with growth stage and rainfall occurrence. Furthermore, the low concentration of copper compared to most copper compounds is in agreement with the current European regulations to reduce the use of copper because of its environmental toxicity.



Finally, the activity against L. botrana infestations [5] further highlighted the potential and versatility of zeolitites in modern pest and disease grapevine control strategies based on the use of low-impact products and a reduced number of applications as well as on the improvement of epidemiological and aetiological knowledge of pathogens [35].
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Table 1. Field application details towards grey mould and sour rot on cv. Trebbiano d’Abruzzo in Controguerra vineyard in 2018 and 2019.
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	Treatment 1
	Active Ingredients
	Dose

(Kg/L ha−1)





	1—ICZ
	Italian chabasite-rich zeolitite
	15



	2—ICZCu
	Italian copper chabasite-rich zeolitite
	4



	3—Untreated Control
	/
	/







1 2018 Application date and BBCH growth stage: 16 July, 77; 9 August, 77; 18 August, 83; 1 September, 85. 2019 Application date and BBCH growth stage: 6 July, 75; 26 July, 77; 21 August, 83; 1 September, 85.
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Table 2. Chemical analysis of Trebbiano d’Abruzzo berries and wines obtained from vines treated with Italian chabasite-rich zeolitite and Italian copper chabasite-rich zeolitite (ICZ and ICZCu) towards grey mould and sour rot in 2019 in Controguerra vineyard.






Table 2. Chemical analysis of Trebbiano d’Abruzzo berries and wines obtained from vines treated with Italian chabasite-rich zeolitite and Italian copper chabasite-rich zeolitite (ICZ and ICZCu) towards grey mould and sour rot in 2019 in Controguerra vineyard.





	Parameter
	Unit of Measurement
	Sample
	Method of Analysis





	Malic acid
	g L −1
	Wines
	Enzymatic



	Tartaric acid
	g L −1
	Wines
	Spectrophotometric



	Total acidity
	g L −1
	Berries and wines
	Acid/base titration



	Soluble solids
	° Brix
	Berries
	Fehling



	pH 20 °C
	-
	Berries and wines
	Potentiometric



	Ethyl alcohol
	% vol.
	Wines
	Distillation
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Table 3. Activity of Italian chabasite-rich zeolitite and Italian copper chabasite-rich zeolitite (ICZ and ICZCu) towards grey mould and sour rot on Trebbiano d’Abruzzo vines of Controguerra vineyard.






Table 3. Activity of Italian chabasite-rich zeolitite and Italian copper chabasite-rich zeolitite (ICZ and ICZCu) towards grey mould and sour rot on Trebbiano d’Abruzzo vines of Controguerra vineyard.





	

	

	
Grey Mould

	
Sour Rot




	
Survey

	
Treatment

	
Incidence

	
Severity

	
Incidence

	
Severity




	

	

	
%

	
%






	
12/09/2018

	
1—ICZ

	
6.11 b

	
0.19 b

	
11.11 b

	
0.38 b




	
2—ICZCu

	
3.89 b

	
0.08 b

	
7.78 b

	
0.33 b




	
3—Untreated Control

	
23.89 a

	
2.61 a

	
40.00 a

	
3.86 a




	
08/09/2019

	
1—ICZ

	
4.44 b

	
0.06 b

	
7.22 b

	
0.19 b




	
2—ICZCu

	
5.00 b

	
0.08 b

	
4.44 b

	
0.19 b




	
3—Untreated Control

	
16.11 a

	
0.91 a

	
28.33 a

	
1.50 a








Incidence: percentage of infected bunches on the total number of bunches; Severity: percentage of infected berries on the total number of berries. Statistical analyses were performed according to Tukey’s honest significant difference (HSD) test. For each year, different letters in the same column represent significant differences at p = 0.05.
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Table 4. Leaf reflectance measurements carried out on 19 September 2019 on vines treated with Italian chabasite-rich zeolitite and Italian copper chabasite-rich zeolitite (ICZ and ICZCu).
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Upper Zone Vines

	
Central Zone Vines

	
Lower Zone Vines






	
Treatment

	
NDVI

	
GNDVI

	
NDVI

	
GNDVI

	
NDVI

	
GNDVI




	
1—ICZ-1

	
0.825 a

	
0.513 a

	
0.807 a

	
0.515 a

	
0.822 a

	
0.554 a




	
2—ICZCu-1

	
0.813 ab

	
0.535 a

	
0.809 a

	
0.517 a

	
0.808 a

	
0.517 ab




	
3—ICZ-2

	
0.755 bc

	
0.479 ab

	
0.756 b

	
0.473 b

	
0.745 b

	
0.460 bc




	
4—ICZCu-2

	
0.728 c

	
0.400 b

	
0.736 b

	
0.438 b

	
0.727 b

	
0.427 c




	
5—Control

	
0.791 ab

	
0.499 a

	
0.811 a

	
0.518 a

	
0.803 a

	
0.513 ab








ICZ-1 and ICZCu-1 differed for the date of the last application, 9 September, from ICZ-2 and ICZCu-2 that were treated on 17 September. NDVI = Normalized Difference Vegetation Index; GNDVI = Green Normalized Difference Vegetation Index. Statistical analyses were performed according to Tukey’s honest significant difference (HSD) test. For each year, different letters in the same column represent significant differences at p = 0.05.
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Table 5. Mean yield and main grape composition parameters recorded on 19 September 2019 at harvest in Trebbiano d’Abruzzo vines of Controguerra vineyard treated with Italian chabasite-rich zeolitite and Italian copper chabasite-rich zeolitite (ICZ and ICZCu).
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Treatment

	
Yield

	
Soluble Solids

	
pH

	
Total Acidity

	
Grape Seed Weight

	
Grape Berry Weight




	
(Kg vine−1)

	
(° Brix)

	
(g L−1)

	
(g L−1)

	
(g L−1)






	
1—ICZ-1

	
12.8 a

	
20.0 ab

	
3.4 a

	
5.7 ab

	
0.4 a

	
2.4 a




	
2—ICZCu-1

	
12.9 a

	
21.1 a

	
3.4 a

	
5.0 b

	
0.4 a

	
2.4 a




	
3—ICZ-2

	
13.0 a

	
19.8 ab

	
3.4 a

	
5.7 ab

	
0.4 a

	
2.3 a




	
4—ICZCu-2

	
12.9 a

	
20.8 a

	
3.4 a

	
5.2 ab

	
0.5 a

	
2.4 a




	
5—Control

	
12.9 a

	
19.0 b

	
3.4 a

	
6.0 a

	
0.4 a

	
2.3 a








ICZ-1 and ICZCu-1 differed for the date of the last application, 9 September, from ICZ-2 and ICZCu-2 that were treated on 17 September. Statistical analyses were performed according to Tukey’s honest significant difference (HSD) test. For each year, different letters in the same column represent significant differences at p = 0.05.
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Table 6. Chemical composition of the wines obtained from Trebbiano d’Abruzzo vines of Controguerra vineyard treated in 2019 with Italian chabasite-rich zeolitite and Italian copper chabasite-rich zeolitite (ICZ and ICZCu), after eight months of ageing.
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Treatment

	
Ethyl Alcohol

	
Residual Sugars

	
pH

	
Total Acidity

	
Volatile Acidity

	
Malic Acid

	
Tartaric Acid




	
(% vol.)

	
(g L−1)

	
(g L−1)

	
(g L−1)

	
(g L−1)

	
(g L−1)






	
1—ICZ-1

	
12.3 ab

	
1.2 a

	
3.3 a

	
5.6 ab

	
0.5 a

	
1.6 ab

	
3.4 a




	
2—ICZCu-1

	
13.0 a

	
1.2 a

	
3.3 a

	
5.3 b

	
0.5 a

	
1.4 b

	
3.2 a




	
3—ICZ-2

	
12.4 ab

	
1.2 a

	
3.3 a

	
5.5 ab

	
0.5 a

	
1.6 ab

	
3.4 a




	
4—ICZCu-2

	
12.9 a

	
1.1 a

	
3.3 a

	
5.3 b

	
0.5 a

	
1.4 b

	
3.4 a




	
5—Control

	
11.8 b

	
1.3 a

	
3.3 a

	
5.9 a

	
0.5 a

	
1.8 a

	
3.4 a








ICZ-1 and ICZCu-1 differed for the date of the last application, 9 September, from ICZ-2 and ICZCu-2 that were treated on 17 September. Statistical analyses were performed according to Tukey’s honest significant difference (HSD) test. For each year, different letters in the same column represent significant differences at p = 0.05.
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