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Abstract

:

Due to the specific requirements for low soil pH, new production methods are being introduced for highbush blueberry (Vaccinium corymbosum L.). Planting in pots has gained popularity in recent years due to the easier control of the substrate pH. This study was carried out on 2-year-old ‘Duke’, ‘Aurora’ and ‘Brigitta’ cultivar blueberry plants that were planted along a ridge or in pots. The substrate temperature reached higher values for the pots, while the substrate water content was higher for the ridge. In the ‘Duke’ and ‘Aurora’ plants, significantly higher sugar/organic acid ratios were obtained for fruit from the ridge. However, significantly higher fruit total phenolics content, greater plant volumes and lower yields per plant were obtained for ‘Aurora’ as potted plants compared to the ridge. The ‘Brigitta’ fruit harvested from potted plants had significantly higher total organic acid content; however, no significant difference was seen for the sugar/organic acid ratio between the conditions. This study is the first to compare the responses of different highbush blueberry cultivars in terms of production on a ridge and in pots, and the impact on the substrate microclimatic conditions, plant volume and fruit yield and primary and secondary metabolites content.
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1. Introduction


Highbush blueberry (Vaccinium corymbosum L.) was domesticated in the 19th century in Florida and New England. For their optimal yield and vegetative growth, these plants need to be provided with low substrate pH (4.5–5.5), high organic matter (7%–10%) and good drainage [1,2,3]. Maintaining those three requirements at optimal levels can be challenging for growers, due to the great diversity seen for soil properties. Consequently, in recent years, growers have shown increased interest for alternative planting methods using custom substrates.



One alternative is the planting of blueberry plants along a ridge, and a second alternative that requires smaller amounts of substrate is planting in pots. Highbush blueberry production in pots thus represents an alternative to soil production, where their pH, organic matter and drainage demands can be maintained more easily using a selected substrate and controlled irrigation and fertilisation [4]. This pot production allows individual plants to be moved according to the plant volume, to thereby change plant density [2]. At the same time, production in pots can be carried out in areas with inappropriate soil properties, such as soil pests, salinity and residual toxic compounds or with poor or non-fertile soil [5,6]. A particular disadvantage of the pot method is limited root growth and consequently reduced absorption surface for water and nutrient uptake, with the possibility of effects on long-term production due to the shorter plant life. When pots with smaller volumes are used, strong wind can also lead to overturning of plants [2]. Planting in pots also represents additional cost for intensive blueberry production [7].



For blueberry production in pots, studies have so far investigated optimal pot volumes and their influence on yield [8], plant volume and physiological processes [9], along with water distribution in the substrate [10]. Peat, coir, pine bark and perlite have been the most frequently studied, and to date, further established substrates in variable proportions (depending on the cultivar) have also been tested for highbush blueberry production in pots [4,11]. Some studies have also examined the effects on potted highbush blueberry plants of different substrate pHs [12] and fertilisation [13] on plant volume, yield, ripening time, total soluble solids content in fruit and photosynthesis and microelement content in leaves.



To date, the published data on the cultivation of blueberry plants in pots have mainly reported on the differences in cultivar responses on such production methods, according to the yield and ripening time [14]. Therefore, a knowledge gap remains for comparisons of ridge and pot blueberry production. The aim of the present study was to determine how substrate properties are affected by ridge and pot conditions, and to compare the responses of three different cultivars on these two planting methods in relation to plant volume and fruit yield, and primary and secondary metabolites content.




2. Materials and Methods


2.1. Experimental Design


The experiment was performed in 2020 on 3-year-old blueberry plants of ‘Duke’, ‘Aurora’ and ‘Brigitta’ cultivars in the test field of the Biotechnical Faculty in Ljubljana (latitude: 46°05′ N; longitude: 14°47′ E; altitude: 295 m). Uniform plants for each cultivar were planted in May 2018 on 0.8 m-wide ridges (10–17 plants/treatment, i.e., individual planting method) at a distance of 0.6 m within the rows and 2 m between the rows, with north-south orientation and also in black 60 L pots.



The substrate was composed of peat, pine sawdust and soil (1:1:1, v/v/v). White polypropylene foil was placed on the ground on the ridge and under the pots to prevent weed growth and soil overheating. If necessary, the plants were drip irrigated with rainwater, and they were fertilised nine times during the growing season, which was from the beginning of April to the end of June. After flowering and until the beginning of leaf fall, the plants were covered with hail nets to protect the crop from hail and birds.




2.2. Substrate Properties


Substrate temperature and water content were monitored by continuous measurements with soil temperature sensors (DS18b20; Dallas Semiconductor, Dallas, TX, USA) and soil moisture sensors (EC5; Decagon Devices, Pullman, WA, USA). This made it possible for constant access for the temperature and substrate moisture measurements and conditions.




2.3. Plant Volumes and Harvest


Plant size was measured twice: once in spring (16 March 2020) and once in autumn (9 October 2020). A measuring tape was used to determine plant heights and two diameters (in the row direction; perpendicular to the row). Plant volumes (V) were calculated according to Equation (1):


V (〖dm〗^3) = (height (cm) × ½ width 1 (cm) × ½ width 2 (cm) × π)/1000



(1)







The fruits were harvested five to seven times for each cultivar, starting on 8 June 2020 for ‘Duke’ and ending on 24 August 2020 for ‘Aurora’. The fruits were harvested at their full maturity; that was when the fruit was fully dark blue. At each harvest, the fruits from the individual plants were counted and weighed in the laboratory using a precision scale (Kern ALS; Balingen, Germany). For total yield per plant, the fruit weights of all of the individual harvests were summed. Fruits of the same harvest and treatment (ridge and pots) were combined to obtain average samples, which were frozen in liquid nitrogen and stored at −20 °C.




2.4. Sugar, Organic Acid and Phenolics Extraction


Individual sugar and organic acid extractions were carried out for five replicates for each treatment. For the extraction, 1 g finely chopped thawed sample was weighed into a test tube and mixed with 4 mL bi-distilled water. The samples were mixed and left under extraction at room temperature for 30 min, with constant stirring (Unimax 1010 shaker; Heidolph, Schwabach, Germany). The samples were then centrifuged at 9000× g for 10 min at 4 °C and filtered into vials (0.2 μm cellulose filters; Chromafil A-20/25; Macherey-Nagel, Düren, Germany). The samples were then stored at −20 °C until further analysis.



For phenolics extraction, the samples were prepared the same way as for the primary metabolite extraction, with 2 g sample mixed with 4 mL of 70% methanol, 3% formic acid in bi-distilled water. The samples were mixed, left in a cooled (0 °C) ultrasonic bath for 1 h and then centrifuged at 9000× g for 10 min at 4 °C. The supernatant was transferred into the vials through 0.2 μm polyamide filters (Chromafil AO-20/25; Macherey-Nagel, Düren, Germany), with the samples stored at −20 °C until further analysis.




2.5. Analytical Methods


The HPLC system (Vanquish; Thermo Scientific, Waltham, Mass, USA) was connected to a refractive index detector (RefractoMax 520 plus; Thermo, Scientific, Waltham, MA, USA) to analyse the individual sugars. The analysis conditions were as follows: column, Rezex RCM-monosaccharide Ca + 2% (300 mm × 7.8 mm; Phenomenex, CA, USA); column temperature, 65 °C; flow rate, 0.6 mL min−1; injected sample volume, 20 μL; mobile phase, bi-distilled water; and run time, 30 min. Individual sugars were identified by comparison of their retention times with external standards of fructose, glucose and sucrose (Fluka Chemie GmbH, Buchs, Switzerland). Their contents were calculated from standard curves and are expressed as mg g−1 fresh weight (FW).



Organic acids were separated by HPLC (Vanquish; Thermo Scientific, Waltham, MA, USA). Their separation was performed using a Rezex ROA-Organic acid H + 8% column (150 mm × 7.8 mm; Phenomenex, CA, USA) at 65 °C. The UV detector was set to 210 nm, with sample injection volume of 20 μL analysed over 15 min at a flow rate of 0.6 mL min−1. The mobile phase was 4 mM sulfuric acid in bi-distilled water. Organic acids were identified according to the retention times of external standards for citric, tartaric, malic and shikimic acid, with calculation from standard curve equations, and expressed as mg g−1 FW.



Separation of the individual phenolics was performed by HPLC (Dionex UltiMate 3000; Thermo Scientific, Waltham, MA, USA) on a C18 column (Phenomenex Gemini, CA, USA; 150 mm × 4.6 mm, 3 μm), operating at 25 °C. Detection was performed at 280, 350 and 530 nm; the autosampler temperature was 10 °C; the flow rate was 0.6 mL min−1, and the injection volume was 20 μL. Two mobile phase solutions were used: solvent A, 3% acetonitrile, 0.1% formic acid in bi-distilled water (v/v/v); solvent B, 3% bi-distilled water, 0.1% formic acid in acetonitrile (v/v/v). The mobile phase gradient used was as follows: 0–15 min, 5% B; 15–20 min, 5%–20% B; 20–30 min, 20%–30% B; 30–35 min, 30%–90% B; 35–45 min, 90%–100% B; 45–50 min, 100%–5% B.



Individual phenolics were identified using mass spectrometry (LTQ XL; Thermo Scientific, Waltham, MA, USA), based on their mass fragmentation patterns and by comparison of retention times of samples and external standards. Sample analysis was performed in positive and negative ion mode, depending on the compound of interest, with electrospray ionization. The injected samples (10 μL) were analysed over 50 min, at flow rate of 0.6 mL min−1, with the same mobile phase solutions and linear gradient used as for the HPLC analyses. The capillary temperature was 250 °C, source voltage was 4 kV, m/z scanning was from 115 to 1600, sheath and auxiliary gases used were at 20 and 8 units, respectively. Phenolics contents were calculated from standard curve equations, expressed as mg kg−1 FW and presented as groups of phenolics.




2.6. Statistics


All of the data collected were evaluated statistically in R commander i386 4.0.4. Statistically significant differences between treatments were evaluated using one-way analysis of variance (ANOVA), t-tests and least significant difference (LSD) tests. Additionally, multivariate analysis was used for data visualisation and grouping.





3. Results


3.1. Substrate Properties


Maximal daily air and average substrate temperature for the individual planting methods from 1 January 2020 to 6 September 2020 are shown in Figure 1. In general, throughout this period, the substrate in the pots had higher average temperatures compared to the ridge, with the highest difference on 19 June 2020 when the difference was 4.7 °C. The highest recorded average temperatures were 26.1 °C for the ridge and 28.5 °C in the pots, at the beginning of August. At the same time, more pronounced fluctuations between minimal and maximal temperatures were seen for the pots compared to the ridge. The fluctuation trends of the substrate temperatures were in agreement with the fluctuations in maximal air temperatures, which increased slowly towards the warmer months of the year, reaching their highest on 1 August 2020 (36.7 °C).



The continuous measurements of substrate water content from the beginning of January 2020 to the beginning of September 2020 showed constantly higher water content for the ridge than for the pots (Figure 2). However, these differences were minor and the plants in the pots did not suffer from drought stress.




3.2. Plant Volume and Yield


The planting method, as rows versus pots, had no effects on plant volume of the ‘Duke’ and ‘Brigitta’ cultivars (Table 1). However, ‘Aurora’ responded positively to pot production (72.78 dm3), where the plant volume was significantly higher compared to the plants grown in the ridge (61.99 dm3). For the ridge production, ‘Brigitta’ had the highest plant volume, followed by ‘Aurora’ and ‘Duke’. No significant differences were seen between ‘Aurora’ and ‘Duke’. A similar trend was seen for the potted plants, where significant differences in plant volume were detected between all three cultivars, with the highest volume for ‘Brigitta’, followed by ‘Aurora’, and then ‘Duke’.



The average yield per plant according to the planting methods and the cultivars is given in Table 1. There were no significant differences between the ridge and pot production for the ‘Duke’ and ‘Brigitta’ cultivars. On the contrary, pot production (289.6 g plant−1) significantly decreased yield quantity for ‘Aurora’ plants, compared to those grown in the ridge (492.1 g plant−1). Focusing only on the ridge production, the highest yields were seen for ‘Brigitta’ and ‘Aurora’ cultivars; however, no significant differences were seen between ‘Aurora’ and ‘Duke’. This leads to the conclusion that only ‘Duke’ and ‘Brigitta’ differ in yield quantity. Potted plants of ‘Duke’ and ‘Brigitta’ had the highest yield per plant, while the ‘Aurora’ yield was the lowest.




3.3. Sugar and Organic Acid Content


Considering the ridge and the pots separately, the data given in Table 2 define the individual and total sugars. These suggested that ‘Duke’ contained the significantly lowest contents compared to ‘Aurora’ and ‘Brigitta’. These last two had the highest contents of glucose (20.48 mg g−1 and 20.79 mg g−1 for the ridge and 19.14 mg g−1 and 19.25 mg g−1 for the pots, respectively), and no significant differences were observed between them. However, among all three of these cultivars, ‘Aurora’ fruit contained the significantly highest content of sucrose (9.12 mg g−1 for the ridge and 9.74 mg g−1 for the pots), fructose (33.91 mg g−1 for the ridge and 31.46 mg g−1 for the pots) and total sugars (63.52 mg g−1 for the ridge and 60.34 mg g−1 for the pots).



For the fruit of the ‘Duke’ cultivar, the individual and total sugar contents significantly differed between planting methods (Table 2). Sucrose content was significantly higher in fruit harvested from potted plants (4.21 mg g−1, while 3.25 mg g−1 on the ridge), while glucose (14.93 mg g−1), fructose (26.25 mg g−1) and total sugars content (44.43 mg g−1) were significantly higher in fruit from the ridge. The ‘Aurora’ and ‘Brigitta’ fruit from the ridge and the pots did not differ in individual nor in total sugars content.



Table 3 gives the average values of the individual and total organic acids contents. Considering only the ridge production, the individual organic acids contents varied greatly among the cultivars, where citric, tartaric and malic acid contents were highest in ‘Aurora’ and the lowest in ‘Brigitta’ or in ‘Duke’ for citric acid. The opposite was observed for shikimic acid, where the contents were highest in ‘Duke’ and the lowest in ‘Aurora’, with the same for the ridge as for the pots. In the fruit of the ‘Duke’ cultivar, there were significant differences in the total organic acids contents between the ridge (8.17 mg g−1) and the pots (9.68 mg g−1), due to the higher citric and malic acid contents in the fruit from the pots. The fruit of the ‘Aurora’ plants grown in pots produced significantly higher citric (15.05 mg g−1) and total organic acids (17.09 mg g−1) and lower shikimic acid (0.013 mg g−1), compared to the plants from the ridge (13.68 mg g−1, 15.69 mg g−1, 0.017 mg g−1, respectively), while the other individual acid contents did not differ between the fruit from the different planting methods. On the contrary, ‘Brigitta’ fruit contained the same amount of citric and total organic acids, while the fruit picked from the plants grown in the ridge contained significantly higher tartaric, malic and shikimic acid contents.



Figure 3 illustrates the sugar/organic acid ratios in these blueberry fruit. Focusing on the ridge production, ‘Brigitta’ fruit showed the significantly highest ratio, while the other two cultivars did not differ significantly. For pot production alone, ‘Brigitta’, ‘Aurora’ and then Duke’ followed from highest to lowest sugar/organic acid ratios. For ‘Duke’ and ‘Aurora’, significantly higher ratios were seen for the fruit from the ridge, comparing with the pots, while no difference was seen for ‘Brigitta’.




3.4. Phenolics


The average phenolics content by groups of phenolics is given in Table 4, and the individual cultivar and planting method group classification according to total phenolics in Figure 4. According to the statistical analysis for the cultivars grown on the ridge, ‘Duke’ contained the significantly highest flavan-3-ol, anthocyanin and total phenolics content, followed by ‘Aurora’ and ‘Brigitta’. Phenolic acids content was the significantly lowest for ‘Aurora’ and flavonol for ‘Brigitta’. In the fruit from the potted plants, the significantly lowest values of all of the groups of phenolics were measured for ‘Brigitta’, followed by ‘Aurora’. The planting method did not affect the phenolic acids, flavonol, anthocyanin and total phenolics in ‘Duke’; however, flavan-3-ols content was significantly higher in the fruit harvested from the ridge. ‘Aurora’ fruit from the potted plants contained significantly higher phenolic acids, anthocyanin and total phenolic compounds, while no differences were seen for flavan-3-ol and flavonol contents between treatments. The phenolic acids content for the ‘Brigitta’ fruit was significantly higher for the ridge. However, the other phenolics identified did not differ between the planting methods.





4. Discussion


Some studies have already been carried out on highbush blueberry production in pots, but none have compared ridge and pot production methods to date nor examined the impact of these planting methods on substrate temperature and water content. In general, the substrate temperatures in the pots reached higher average values compared to the ridge substrate. At the same time, the substrate in the pots warms up and cools down more quickly, which is indicated by the larger differences between the minimum and maximal temperatures, compared to the ridge. In relation to the volume of the substrate, the pots have a larger surface area exposed to the sun than the ridge, and therefore, the temperature of the substrate in the pots can fluctuate faster and more markedly [9]. Markham et al. (2011) reported that the black colour of the pots considerably contributes to these higher substrate temperatures, compared to the ridge, which in the present study was covered by white foil [15].



The pots used in the present study were comparable to the ridge in terms of the substrate volume and, consequently in root system development, which provided the plants in the pots with an adequate water supply. This led to equal plant volumes and yields. Cantliffe (2018) also reported that by increasing the pot volume, the growth of the shoots and roots also increases [16]. On the contrary, significantly higher plant volumes were seen for the ‘Aurora’ plants grown in the pots. As we can see, ‘Aurora’ responded positively to this pot planting method in terms of vegetative growth. Contradictory data were reported by Spiers (1995), who indicated that substrate temperatures of 27 °C and 38 °C negatively affected the growth of blueberry shoots [17]; this did not occur in the present study, with the highest substrate temperatures in the pots in the summer months not exceeding 32 °C. The pots had negative effects on the yield quantity in ‘Aurora’, as this was significantly lower in the potted plants. We can assume that plants invested more energy in vegetative and less in reproductive growth, which was reflected in the lower yield quantity. Cultivar comparisons according to the ridge and the pots separately have suggested that plant volumes and yields are first conditioned by genetic and then by environmental factors [14].



The sugar and organic acid contents affect the blueberry fruit sweetness/acidity, which is strongly correlated with the quality of the fruit [18]. Given that pot production methods did not significantly affect plant volume and yield, it is not surprising that there were no significant differences in the fruit sugars contents for ‘Aurora’ and ‘Brigitta’. As has already been reported, fruit sugar content is mainly dependent on the ripening stage [19]. Among individual sugars, sucrose, glucose and fructose were identified in blueberry fruit, with sucrose in the lowest proportion and fructose in the highest. Despite the higher sucrose content in the fruit of the ‘Duke’ plants in the pots, the total sugars content was significantly higher in fruit from the ridge. Moreover, despite the minor sucrose amount in the fruit from the ridge, the total sugars content arose from the significantly higher glucose and fructose contents. When comparing blueberry cultivars within these planting methods, the trends seen for the ridge and the pots were the same, with the lowest sugar content in ‘Duke’ and the highest in ‘Aurora’.



High organic acid content often reduces fruit quality, and therefore this is not desirable in blueberry fruit [18]. Among individual organic acids identified in blueberry fruit here, citric acid predominated, with the lowest proportions seen for shikimic acid. The blueberry pot production influenced the total organic acids in the fruit from ‘Brigitta’, which was significantly lower compared to the fruit from the ridge. Milivojevic et al. (2016) reported that the organic acid content depends to a large extent on the ripeness of the fruit and then on the environmental conditions [19], which is in part in agreement with the present study, with the exception of ‘Brigitta’. From the data given in Table 3, it can be concluded that blueberry organic acids content is primary a cultivar trait [14].



The total sugar/organic acid ratio affects the taste of the fruit; namely, the higher the ratio, the sweeter the fruit, and vice versa. The ratio itself is influenced by high sugar or low organic acid contents, which were clearly shown in the present study. The fruits from ‘Aurora’ are known for their acidic taste, so these need to be harvested at full maturity [20]. Although they contain the highest sugar content among the three cultivars here, their total sugar/organic acid ratio was not the highest, due to their high total organic acids content. The fruits in the present study were harvested at their optimum, in their full maturity, when the organic acids content has already decreased to the minimum. However, the lower total sugar/organic acid ratios in the fruit harvested from the pots of ‘Duke’ and Aurora’ might be attributed to slightly higher total organic acid content in these fruits, despite these data not reaching significance. On the other hand, fruit harvested from ‘Brigitta’ grown on the ridge and in pots showed significantly higher total sugar/organic acid ratio compared to the other two cultivars, due to the high total sugar and low total organic acid contents.



Anthocyanins provide the largest contributions to the total phenolics content, as they are the most abundant type of phenolics in blueberry fruit [21,22,23]. With no significant differences seen between the planting methods for anthocyanins (and consequently total phenolics content) in the fruit of ‘Duke’ and ‘Brigitta’, this suggests that the potted plants were probably not exposed to temperature or drought stress that can result from limited substrate capacity [17]. At the same time, the plants were only 2 years old at the time of this study and had not yet developed their full volume, so 60 L of the substrate more than met their needs [8]. On the contrary, for the fruit harvested from the ‘Aurora’ potted plants, significantly higher phenolic acids, anthocyanins and total phenolics content were seen. This indicates a greater susceptibility of ‘Aurora’ to the modified growing conditions, such as limited root growth or higher substrate temperature variations [17]. Focusing here only on the cultivar comparisons within the individual planting methods, we can come to the conclusion that the content of phenolics in blueberry fruit is primary determined by genetics [19].




5. Conclusions


The responses of highbush blueberry plants to ridge and pot production methods were monitored here during the first years after planting. The results of the present study suggest that growing these plants in 60 L pots can provide effective production for highbush blueberry plants, whereas for the ‘Duke’ and ‘Brigitta’ cultivars, the limited substrate capacity does not negatively affect the plant volume and yield nor the fruit primary and secondary metabolite contents. For the ‘Aurora’ plants, greater plant volumes were measured in the potted plants, although the yield per plant and sugar/organic acid ratio were significantly lower.



These comparisons of ‘Duke’, ‘Aurora’ and ‘Brigitta’ plant responses using the ridge and pot production methods showed that the use of these pots lead to higher substrate temperature variations and lower water contents, compared to the ridge method. However, further studies are necessary to monitor and compare these production methods over a period of several years.
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Figure 1. Maximal air and average daily substrate temperatures for the ridge and the pots (as indicated) from 1 January 2020 to 6 September 2020. 
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Figure 2. Average daily substrate water content for the ridge and the pots from 1 January 2020 to 6 September 2020. 
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Figure 3. Total sugar/organic acid ratios for ‘Duke’, ‘Aurora’ and ‘Brigitta’ fruit harvested from plants grown on the ridge and in pots. Data are means ± standard errors (five replicates per treatment). Different letters indicate statistically significant differences between planting methods for individual cultivar (t-test, α < 0.05) and letters in the box between cultivars for individual planting method (LSD test, α < 0.05). 
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Figure 4. Dendrogram for total phenolics content in the ‘Duke’, ‘Aurora’ and ‘Brigitta’ fruit for the different planting methods (R, ridge; P, pot), using Ward’s method based on Euclidian distances. 
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Table 1. ‘Duke’, ‘Aurora’ and ‘Brigitta’ plant volumes and yields for growth on the ridge and in pots.
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	Planting

System
	Cultivar
	Plant Volume (dm3)
	Fruit Yield (g plant−1)





	Ridge
	‘Duke’
	54.95 ± 9.55 b
	430.1 ± 50.05 b



	
	‘Aurora’
	61.99 ± 12.45 b, B
	492.1 ± 66.28 ab, A



	
	‘Brigitta’
	119.57 ± 17.78 a
	540.3 ± 114.1 a



	
	Significance
	***
	***



	Pot
	‘Duke’
	56.97 ± 9.76 c
	455.2 ± 88.27 a



	
	‘Aurora’
	72.78 ± 9.9 b, A
	289.6 ± 56.85 b, B



	
	‘Brigitta’
	114.42 ± 24.75 a
	484.8 ± 70.89 a



	
	Significance
	***
	***



	Significance
	‘Duke’
	ns
	ns



	
	‘Aurora’
	*
	***



	
	‘Brigitta’
	ns
	ns







Data are means ± standard errors (ten replicates per treatment); different lowercase letters indicate statistically significant differences between planting methods for individual cultivar (t-test, α < 0.05) and uppercase letters between cultivars for individual planting method (LSD test, α < 0.05); *, p < 0.05; **, p < 0.01; ***, p <0.001; ns, not significant.
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Table 2. Sucrose, glucose, fructose and total sugars content in ‘Duke’, ‘Aurora’ and ‘Brigitta’ fruit harvested from plants grown on the ridge and in pots.
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Planting

	
Cultivar

	
Individual Sugars (mg g−1)

	
Total Sugars




	
System

	

	
Sucrose

	
Glucose

	
Fructose

	
(mg g−1)






	
Ridge

	
‘Duke’

	
3.25 ± 0.06 c, B

	
14.93 ± 0.51 b, A

	
26.25 ± 0.67 c, A

	
44.43 ± 1.08 c, A




	

	
‘Aurora’

	
9.12 ± 0.60 a

	
20.48 ± 1.40 a

	
33.91 ± 2.47 a

	
63.52 ± 3.91 a




	

	
‘Brigitta’

	
7.19 ± 0.49 b

	
20.79 ± 0.77 a

	
30.80 ± 0.91 b

	
58.78 ± 2.10 b




	

	
Significance

	
***

	
***

	
***

	
***




	
Pot

	
‘Duke’

	
4.21 ± 0.22 c, A

	
12.09 ± 0.12 b, B

	
20.78 ± 0.40 c, B

	
37.08 ± 0.41 c, B




	

	
‘Aurora’

	
9.74 ± 0.63 a

	
19.14 ± 0.61 a

	
31.46 ± 1.01 a

	
60.34 ± 1.23 a




	

	
‘Brigitta’

	
7.26 ± 0.90 b

	
19.25 ± 1.31 a

	
29.63 ± 0.96 b

	
56.14 ± 1.58 b




	

	
Significance

	
***

	
***

	
***

	
***




	
Significance

	
‘Duke’

	
***

	
***

	
***

	
***




	

	
‘Aurora’

	
ns

	
ns

	
ns

	
ns




	

	
‘Brigitta’

	
ns

	
ns

	
ns

	
ns








Data are means ± standard errors (five replicates per treatment); different lowercase letters indicate statistically significant differences between planting methods for individual cultivar (t-test, α < 0.05) and uppercase letters between cultivars for individual planting method (LSD test, α < 0.05); *, p < 0.05; **, p < 0.01; ***, p < 0.001; ns, not significant.
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Table 3. Citric, tartaric, malic and shikimic acids and total organic acid content in ‘Duke’, ‘Aurora’ and ‘Brigitta’ fruit harvested from the plants grown on the ridge and in pots.
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Planting

	
Cultivar

	
Individual Organic Acids (mg g−1)

	
Total Organic




	
System

	

	
Citric

	
Tartaric

	
Malic

	
Shikimic

	
Acids (mg g−1)






	
Ridge

	
‘Duke’

	
6.95 ± 0.12 c, B

	
0.65 ± 0.08 b

	
0.51 ± 0.03 b, B

	
0.060 ± 0.006 a

	
8.17 ± 0.17 c, B




	

	
‘Aurora’

	
13.68 ± 0.99 a, B

	
1.02 ± 0.09 a

	
0.98 ± 0.09 a

	
0.017 ± 0.003 c, A

	
15.69 ± 1.10 a, B




	

	
‘Brigitta’

	
10.18 ± 0.59 b

	
0.44 ± 0.03 c, A

	
0.55 ± 0.04 b, A

	
0.034 ± 0.003 b, A

	
11.21 ± 0.63 b




	

	
Significance

	
***

	
***

	
***

	
***

	
***




	
Pot

	
‘Duke’

	
8.37 ± 0.46 c, A

	
0.62 ± 0.05 b

	
0.64 ± 0.07 b, A

	
0.057 ± 0.004 a

	
9.68 ± 0.50 c, A




	

	
‘Aurora’

	
15.05 ± 0.41 a, A

	
0.98 ± 0.07 a

	
1.02 ± 0.09 a

	
0.013 ± 0.002 c, B

	
17.09 ± 0.43 a, A




	

	
‘Brigitta’

	
9.76 ± 0.47 b

	
0.36 ± 0.03 c, B

	
0.43 ± 0.03 c, B

	
0.027 ± 0.002 b, B

	
10.57 ± 0.44 b




	

	
Significance

	
***

	
***

	
***

	
***

	
***




	
Significance

	
‘Duke’

	
***

	
ns

	
**

	
ns

	
***




	

	
‘Aurora’

	
*

	
ns

	
ns

	
*

	
*




	

	
‘Brigitta’

	
ns

	
**

	
***

	
**

	
ns








Data are means ± standard errors (five replicates per treatment); different lowercase letters indicate statistically significant differences between planting methods for individual cultivar (t-test, α < 0.05) and uppercase letters between cultivars for individual planting method (LSD test, α < 0.05); *, p < 0.05; **, p < 0.01; ***, p < 0.001; ns, not significant.
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Table 4. Phenolic acid, flavan-3-ols, flavonols, anthocyanin and total phenolic compounds content in the ‘Duke’, ‘Aurora’ and ‘Brigitta’ fruit harvested from plants grown on the ridge and in pots.






Table 4. Phenolic acid, flavan-3-ols, flavonols, anthocyanin and total phenolic compounds content in the ‘Duke’, ‘Aurora’ and ‘Brigitta’ fruit harvested from plants grown on the ridge and in pots.














	Planting System
	Cultivar
	Phenolic Acids (mg 100 g−1)
	Flavan-3-Ols (mg 100 g−1)
	Flavonols (mg 100 g−1)
	Anthocyanins (mg 100 g−1)
	Total (mg 100 g−1)





	Ridge
	‘Duke’
	214.32 ± 10.46 a
	149.02 ± 15.06 a, A
	28.17 ± 2.7 a
	703.71 ± 80.35 a
	1095 ± 87.90 a



	
	‘Aurora’
	176.38 ± 5.41 b, B
	76.19 ± 7.96 b
	30.14 ± 7.04 a
	578.04 ± 88.66 b, B
	860.74 ± 103.11 b, B



	
	‘Brigitta’
	219.05 ± 7.45 a, A
	51.24 ± 7.14 c
	16.35 ± 1.91 b
	461.21 ± 25.20 c
	747.86 ± 41.09 c



	
	Significance
	***
	***
	***
	***
	***



	Pot
	‘Duke’
	207.85 ± 2.65 a
	122.25 ± 18.24 a, B
	26.02 ± 5.37 a
	678.10 ± 96.85 a
	1034 ± 119.16 a



	
	‘Aurora’
	195.55 ± 8.67 b, A
	82.17 ± 3.20 b
	29.85 ± 5.20 a
	702.00 ± 58.64 a, A
	1009 ± 63.69 a, A



	
	‘Brigitta’
	205.19 ± 8.21 ab, B
	59.01 ± 7.12 c
	18.37 ± 2.29 b
	471.13 ± 30.19 b
	753.70 ± 37.42 b



	
	Significance
	*
	***
	**
	***
	***



	Significance
	‘Duke’
	ns
	*
	ns
	ns
	ns



	
	‘Aurora’
	**
	ns
	ns
	*
	*



	
	‘Brigitta’
	*
	ns
	ns
	ns
	ns







Data are means ± standard errors (five replicates per treatment); different lowercase letters indicate statistically significant differences between planting methods for individual cultivar (t-test, α < 0.05) and uppercase letters between cultivars for individual planting method (LSD test, α < 0.05); *, p < 0.05; **, p < 0.01; ***, p < 0.001; ns, not significant.
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