

  horticulturae-10-01223




horticulturae-10-01223







Horticulturae 2024, 10(11), 1223; doi:10.3390/horticulturae10111223




Communication



First Experience of Late Pruning on Kékfrankos Grapevine (Vitis vinifera L.) in Eger Wine Region (Hungary)



Szabolcs Villangó 1,*, András Szekeres 2, György Végvári 1, Gitta Ficzek 3, Gergely Simon 3 and Zsolt Zsófi 1





1



Institute of Viticulture and Enology, Faculty of Natural Sciences, Eszterházy Károly Catholic University, Leányka út 12, H-3300 Eger, Hungary






2



Department of Biotechnology and Microbiology, Institute of Biology, Faculty of Science and Informatics, University of Szeged, Dugonics tér 13, H-6720 Szeged, Hungary






3



Department of Fruit Growing, Institute of Horticulture, Hungarian University of Agriculture and Life Sciences, Villányi út 29-43, H-1118 Budapest, Hungary









*



Correspondence: villango.szabolcs@uni-eszterhazy.hu







Citation: Villangó, S.; Szekeres, A.; Végvári, G.; Ficzek, G.; Simon, G.; Zsófi, Z. First Experience of Late Pruning on Kékfrankos Grapevine (Vitis vinifera L.) in Eger Wine Region (Hungary). Horticulturae 2024, 10, 1223. https://doi.org/10.3390/horticulturae10111223



Academic Editors: Xiangyu Sun, Yu Wang and Xiangyi Li



Received: 13 October 2024 / Revised: 6 November 2024 / Accepted: 15 November 2024 / Published: 19 November 2024



Abstract

:

Traditional winter pruning in dormancy (BBCH-00) as control (C) and three late pruning treatments, LP1 (wool stage—BBCH-05), LP2 (two leaves folded—BBCH-12), and LP3 (four leaves folded—BBCH-14), were applied on Kékfrankos grapevines. The evolution of the phenological growth stages, grape juice, wine analytical parameters, and phenolic composition were evaluated. The quantitative aspects of the grape berry, bunch, yield, and cane were also assessed. Our goal was to reach a decrease in sugar content and an increase in acidity. Delaying or postponing the phenological phases to bring technological and phenolic ripening closer together was also one of our objectives. These were accomplished, but the negative aspects of late pruning, which resulted in a reduction in the diameter and weight of the canes, should also be taken into account. We also found that, the later the late pruning, the more the yield was reduced. By postponing pruning, the phenological phases were also extended.
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1. Introduction


The negative effects of climate change on viticulture (e.g., increasing annual mean temperatures, uneven rainfall distribution, heat waves, prolonged droughts, floods, sunburn, and hailstorms) are already the subject of numerous studies [1,2,3]. Therefore, one of the most important topics is the adaptation of vineyards to these issues [3,4]. The investigation of new cultivation techniques or good practices can help us to counteract unfavourable changes in the climate. Reducing the sugar content of grapes and preserving their acidity are among the most important objectives especially in wine regions with a warm or hot climate. However, this problem is also a challenge in cool climate areas, in which extreme warm and/or dry vintages are becoming more and more common and accelerated ripening occurs as an issue [5,6,7]. In order to mitigate harmful effects in the vineyard, a number of viticultural techniques, as short-term applications, have been applied worldwide (e.g., late pruning, use of kaolin, forced regrowth, defoliation in different phenological phases, and severe shoot trimming) [3,8,9]. In this present research, we focus on late pruning (pruning at bud break and at different phenological stages afterwards). Late pruning could be a good tool to delay the phenological stages and thus slow down the ripening process [10,11]. This allows the grapes to be harvested with a lower sugar content, which can also reduce the potential alcohol content of the wine and maintain acidity, while phenolic maturity is not postponed [12]. Kékfrankos has a tendency toward accelerated sugar development in the Eger wine region, especially in the recent, warm and dry years. Phenolic and sugar maturity, thus, do not coincide, resulting in disharmonious, often too alcoholic wines. One of the novelties of this study is the selection of the grapevine, as different cultivars, even if they grow under the same conditions, respond differently to this intervention [13]. With Kékfrankos (syn. Blaufränkisch, Lemberger), we still have very limited knowledge about the effects of late pruning, although it is the most widely planted grape variety in Hungary at present [14]. Two studies have already looked at the variety in terms of delayed pruning, but the main objectives were to reduce or avoid frost damage and to detect changes in flavour components [15,16]. In our study, preliminary results on the qualitative and quantitative parameters of the crop are presented, as well as the evolution of the phenological phases. The analysis of wine quality and its chemical composition is also an important task in the case of late pruning. Several studies on red grape varieties have been carried out to address these aspects, including Merlot [17], Sangiovese [18], Malbec [19,20], Syrah [20], Portugieser [21], and Lemberger [15,16]. This present study also deals with the routine analysis and flavonoid composition of Kékfrankos wines.




2. Materials and Methods


2.1. Experimental Vineyard


The unirrigated Kékfrankos (clone A 4-1) vineyard can be found in the Eger wine region, Kőlyuktető, Hungary (lat. 47°52′01.3″ N, long. 20°23′00.1″ E), planted in 2003. The vines are cordon-trained with a single arm on Teleki-Fuhr SO4 rootstock. The shoot positioning is vertical. The inter- and intrarow spacing is 2.4 m × 1.0 m, respectively. During pruning, eight buds were left per vine (four spurs with two nodes). All lateral shoots were removed during the season. A conventional spraying protocol was applied for the experimental blocks. The bunch zone was defoliated on both sides in the beginning of veraison. The height of the canopy was 120 cm. Cluster thinning was not applied.




2.2. Experimental Design


A total of 120 vines were included in the experiment, which were arranged in 3 completely random blocks, which meant 40 plants per block. In each block, all treatments (C, LP1, LP2, LP3) were included, so 10 plants per treatment were present in each of the three blocks. Traditional winter pruning in dormancy (BBCH-00) as control (C) and three late pruning treatments, LP1 (wool stage—BBCH-05), LP2 (two leaves folded—BBCH-12), and LP3 (four leaves folded—BBCH-14), were applied on the vines. The late pruning treatments were carried out when the winter pruned control vines reached the BBCH phenological stage (05; 12; 14, respectively).




2.3. Climatic Data


The data used to characterize the vintage were collected by an automatic meteorological station (Boreas Ltd., Érd, Hungary), located approximately 150 m away from the experimental site.




2.4. Winemaking


Three times 10 kg of grapes from each of the three late pruning treatments and control was used for microvinification. After destemming and crushing, co-inoculation with 20 g/100 L Uvaferm CM (Lallemand Inc., Montreal, QC, Canada) active dry yeast and with 10 mg L−1 lactic acid bacteria (Uvaferm Alpha, Lallemand Inc., Montreal, QC, Canada) was carried out in small plastic containers. Punch down was carried out twice a day at 16 °C during the whole fermentation process for 19 days. Pressing was executed between 0.8 and 1.0 bar. Free-run and press wines were blended. After malolactic fermentation, the wines were racked and transported to the laboratory for analysis.




2.5. Phenology


Codes and descriptions for the phenological growth stages of the grapevine (BBCH scale) were used according to Lorenz et al. [22]. Three vines from each block (nine in total) from all treatments were examined to describe the vines’ development status. These were averaged to give the typical phenological growth stages at the time.




2.6. Yield Components


In all, 15 vines (five from each of the three blocks in case of all treatments) were used to determine the average bunch number per vine. To determine the average bunch weight, a bunch was taken from each of the 15 vines. We collected and weighed 100 berries from all 15 harvested clusters for each treatment. The berries were sampled from the upper, lower, middle, sunny, and shady parts of the clusters. To determine the pruning weight, 15–15 vines were also selected from each treatment.




2.7. Cane Properties


For each vine, the total cane weight was measured separately, and one cane per vine was randomly selected to determine the diameter, which means 15–15 canes per treatment. The average diameter of the canes was assessed in the middle third of their total length.




2.8. Basic Chemical Analysis


Clusters were collected from 15 vines (5 vines per block) from which one must sample per block was taken (3 replicates). The juice and wine basic analytical measurements were carried out as per the recommendations of the OIV [23].




2.9. HPLC Measurements of Phenolic Components


The experimental wines were analysed without any treatment on a modular Shimadzu HPLC system (Shimadzu, Duisburg, Germany) equipped with a Kinetex 2.6 µ XB-C18 100A (100 × 4.6 mm) column at a flow rate of 1 mL/min and a Hitachi LaChrom HPLC system (Merck, Budapest, Hungary) coupled with an Hypersil ODS (250 × 4.6 mm, 5 µm) column with the mobile-phase flow rate of 0.8 mL/min. For the separation of different flavonoid compounds, eluent A and B were water and acetonitrile, respectively, both of them supplemented with 1% acetic acid, applying the following gradient program: initially, 0% B; at 16.40 min, 16.3% B; at 16.90 min, 18.4% B; at 20.30 min, 18.4% B; at 24.90 min, 19.4% B; at 27.50 min, 20.4% B; at 27.51 min, 100% B; at 30.4 min, 100% B; at 30.41 min, 0% B; and at 37.0 min, 0% B. The flavonoid contents of the samples [(+)-catechin, (−)-epicatechin, protocatechuic acid, gallic acid, vanillic acid, caftaric acid, t-caffeic acid, coumaric acid, quercetin-3-O-galactoside, quercetin-3-glucuronide, kaempferol-3-O-glucoside, and t-resveratrol] were identified and quantified using standard reference compounds detected at 280 nm.




2.10. Statistics


Statistical analyses were carried out with GraphPad Prism version 9.5 for Windows (GraphPad Software, San Diego, CA, USA), by one-way ANOVA, after which Tukey’s HSD post hoc test was used for mean separation (p < 0.05).





3. Results and Discussion


3.1. Vintage Climatic Characteristics


In 2021, the annual mean temperature was 10.6 °C (60-year average: 10.8 °C), and annual rainfall was 408 mm (60-year average: 591 mm) at Kőlyuktető vineyards, of which 207 mm fell during the growing season. Compared with the 60-year average, it can be concluded that the experimental year was slightly cooler and drier.




3.2. Evolution of Phenology


The later the pruning, the more the bud break of the vine is delayed and with it the phenological phases start later during the season [24]. This phenomenon is one of the most powerful effects of late pruning on the plant, and it is mostly pronounced between bud break and veraison [19]. This could have practical and economic benefits. Among these are the ability to avoid spring frosts by forced re-budding and to postpone the ripening process of the berries to a cooler period [12,24]. The delay in phenological phases was also clearly evident in the case of Kékfrankos (Table 1). For the LP1 treatment, it was necessary to wait until day 194 of the year to catch up with the development of the control vines (BBCH-77—beginning of berry touch). The LP2 treatment reached the control vines on day 215 of the year, when the berry touch was complete (BBCH-79). As expected, the LP3 treatment had the most pronounced effect on slowing down vegetation, as the developmental lag persisted even during the veraison period. Harvesting took place when the control vines exceeded 25 °Brix.




3.3. Grape Juice and Wine Analysis


Berries from the first treatment (LP1) had significantly lower sugar content compared with those from the control and the other two treatments (Table 2). For the LP2 treatment, the sugar reduction was not significant. However, the LP3 treatment resulted in an increase in °BRIX compared with the control, which can be explained by a significantly reduced yield (−32% due to reduced bunch number per vine and lower bunch and berry weight, see Table 4). Another possible way to explain this phenomenon is the fact that the leaves of the later-pruned vines are younger than those of the control or earlier treatments, so they may be more photosynthetically active during the ripening period [18]. Interestingly, the alcohol content of the wines was highest for the control, but there was no significant difference between the late pruning treatments in this respect (Table 3). An increased titratable acidity (as tartaric acid equivalent) of the grape juice has been shown (Table 2), which is in accordance with other findings [24]. The lowest values were found in the control vines. The later the pruning, the more acid was retained in the grape berries, with the exception of the difference between LP1 and LP2 treatments. The relationship between late pruning and wine acidity was also observed, to a lesser extent; however, the differences were still significantly different (Table 3). The pH value followed the trend of acidity inversely for both must and wine (Table 2 and Table 3). The lowest values were obtained with the LP3 treatments. The malic acid content of the grape juice was also retained at higher levels in the treatments compared with the control, which is in accordance with other findings [19,25], while the treatments were at the same level (Table 2). The amount of yeast-assimilable nitrogen (YAN) decreased on postponing the pruning to a later date (Table 2). However, the values obtained were below the desirable value (at around 200 mg L−1) even for the control, which can easily result in slow, sluggish, or stuck fermentation if the yeast is not supplemented with external nutrients such as diammonium phosphate (DAP) [26]. This negative aspect should be taken into account when late pruning is applied. The lowering trend in YAN values can be in connection with the physiological consequences of late pruning, namely the vine is forced to another bud break as basal buds remain dormant to a high extent due to apical dominance [27]. In addition, the first bud break with a notable number of buds requires the intensive use of reserved nutrients, and these parts of the cane are removed by late pruning, so the application of late pruning for younger plantations, vines under biotic and/or abiotic stress, or vines with serious trunk disease symptoms should be considered. However, there are also findings that the total non-structural carbohydrates in the trunk, root, and cane were not affected by the application of late pruning [15,28,29].




3.4. Change in Yield and Cane Parameters


The bunch number per vine was sensitively affected by the treatment (Table 4). Significantly fewer clusters emerged after late pruning, but all three treatments were at the same level. The average weight of clusters also decreased notably, but it was at the same level for LP2 and LP3. The average bunch weight decreased to below 200 g due to the latest pruning treatment despite the fact that Kékfrankos is a large-bunched variety. The reduction in average berry weight was not as pronounced as the decrease in average cluster weight, and there was no difference between the control and the first treatment. The decrease in yield could occur as a consequence of the reduction of bunches (Table 4) or due to a reduction in the number of berries [18]; however, this parameter was not measured. Previous studies report an ambiguous effect: decreasing [18,25,29], stagnating [30,31], or even increasing [15,32] trends in yield are observed as a result of late pruning. It should be noted, however, that the yield is influenced by numerous growing and experimental conditions (e.g., cultivar, terroir, climate, vintage, viticultural practices, and timing of the pruning). The average cane weight or pruning weight per vine was not affected by the treatments (Table 4). Some other studies have also come to this conclusion [29,33,34]. At the same time, the diameter of the canes was significantly reduced. The thinnest canes were formed on the LP3 treatment.




3.5. Flavonoids in the Wines


Among the building blocks of tannins, catechin and epicatechin were investigated (Table 5). The presence of both compounds increased with the late pruning treatment. In the case of epicatechin, the effect was very clear and linear, and there was a significant difference between all the samples. The increase in flavan-3-ols as a result of late pruning has been also confirmed by other studies on other varieties [20,21]. There were no significant changes in resveratrol concentration; however, earlier findings showed contradictory results [20,21]. The treatments had only a marginal effect on caftaric acid, caffeic acid, protocatechuic acid, quercetin-3-O-glucuronide, and kaempferol-3-O-glucoside (Table 5). Quercetin-3-O-galactoside presented a significant increase in LP3. However, there was no difference between the control, LP1, and LP2 treatments in this respect. Among flavonols, quercetin and myricetin are both increased due to the late pruning treatment according to Perin et al. [20]. Anić et al. [21] showed that the effect of late pruning on the total flavonol levels is not very pronounced, but the concentrations of molecules belonging to this group responded selectively and non-uniformly to the treatment. Vanillic acid and coumaric acid showed an upward trend after treatment. The later the intervention, the higher the concentration of these phenolic acids; this trend was also confirmed by Anić et al. [21]. The gallic acid levels were highest during the LP1 treatment and then showed a decreasing trend, while LP3 was at the same level as the control (Table 5). Overall, a smaller berry size may have contributed to an increase in the concentration of these components, resulting in a higher skin-to-mass ratio [35] (Table 4).





4. Conclusions


Late pruning (in different phenological stages after bud break) could be used to delay the phenological stages and slow down the ripening process. All three treatments significantly lowered the alcohol content of the wines. The preservation of organic acids in the grape berries during the dry and warm growing seasons is also a key quality issue even under cool climate conditions. In addition to quality, it is also important to examine (partly also for economic reasons) the quantitative parameters of the crop (e.g., berry weight, bunch weight, and bunch number), which can lead to economic losses due to a reduction in these parameters. However, it is also important to consider how this viticultural practice will affect different varieties and variety/terroir combinations, as they may lead to a deterioration in the vines’ condition, which can result in negative changes in cane diameter. Overall, late pruning seems to work successfully in the Kékfrankos variety in terms of delaying ripening and increasing the quality parameters, but further experiments are also needed to find the right time to apply it. If it is implemented too early, the differences may be minimal, but if it is implemented too late, the negative effects may outweigh the benefits.
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Table 1. Evolution of phenological stages (BBCH scale) for each treatment.






Table 1. Evolution of phenological stages (BBCH scale) for each treatment.





	
2021

	
DOY

	
Principal Growth Stages (BBCH-Code) for Each Treatment




	
C

	
LP1

	
LP2

	
LP3






	
04 March (Control pruning)

	
63

	
0

	
0

	
0

	
0




	
23 April (Late pruning 1)

	
113

	
5 (Wool stage)

	
5

	
5

	
5




	
29 April

	
119

	
7 (Beginning of bud burst)

	
5

	
5

	
5




	
04 May (Late pruning 2)

	
124

	
12 (Two leaves unfolded)

	
5

	
5

	
5




	
10 May (Late pruning 3)

	
130

	
14 (Four leaves unfolded)

	
9

	
7

	
5




	
17 May

	
137

	
19 (Nine or more leaves unfolded)

	
14

	
12

	
9




	
25 May

	
145

	
55 (Inflorescence swelling)

	
53

	
14

	
12




	
01 June

	
152

	
55 (Inflorescence swelling)

	
53

	
19

	
14




	
08 June

	
159

	
57 (Inflorescences fully developed)

	
55

	
53

	
19




	
15 June

	
166

	
61 (Beginning of flowering)

	
57

	
55

	
53




	
23 June

	
174

	
69 (End of flowering)

	
65

	
63

	
60




	
30 June

	
181

	
73 (Groat-sized berries)

	
71

	
69

	
68




	
07 July

	
188

	
75 (Pea-sized berries)

	
73

	
73

	
71




	
13 July

	
194

	
77 (Beginning of berry touch)

	
77

	
75

	
73




	
22 July

	
203

	
79 (Berry touch complete)

	
79

	
77

	
75




	
03 August

	
215

	
79 (Berry touch complete)

	
79

	
79

	
77




	
11 August

	
223

	
81 (Beginning of ripening)

	
81

	
81

	
79




	
19 August

	
231

	
83 (Berries brighten in colour)

	
83

	
83

	
81




	
24 August

	
236

	
85 (Softening of berries)

	
85

	
85

	
83




	
04 October (Harvest)

	
277

	
89 (Berries ripe for harvest)

	
89

	
89

	
89








Bolded rows show when each treatment outperformed the control in development. In the case of LP3, this did not happen even at maturation on day 236. DOY = day of year.













 





Table 2. Standard analysis of the grape juices.






Table 2. Standard analysis of the grape juices.





	Parameter/Treatment
	C
	LP1
	LP2
	LP3





	°Brix
	25.5 ± 0.3 ab
	24.9 ± 0.1 c
	25.3 ± 0.2 bc
	25.8 ± 0.1 a



	Titratable acidity (g L−1)
	6.1 ± 0.1 c
	6.9 ± 0.1 b
	7.1 ± 0.1 b
	7.6 ± 0.1 a



	Malic acid (g L−1)
	3.2 ± 0.1 b
	3.9 ± 0.1 a
	3.8 ± 0.2 a
	3.9 ± 0.2 a



	pH
	3.38 ± 0.01 a
	3.23 ± 0.01 b
	3.21 ± 0.01 b
	3.17 ± 0.01 c



	YAN (mg L−1)
	135 ± 13 a
	117 ± 3 ab
	99 ± 7 bc
	82 ± 8 c







Each value represents the average ± standard error of 3 replicates (p < 0.05). Values marked with different alphabets mean significant differences between treatments.













 





Table 3. Standard analysis of the wines.






Table 3. Standard analysis of the wines.





	Parameter/Treatment
	C
	LP1
	LP2
	LP3





	Alcohol (v/v%)
	13.98 ± 0.03 a
	13.49 ± 0.04 b
	13.52 ± 0.04 b
	13.59 ± 0.06 b



	Residual sugar (g L−1)
	1.6 ± 0.2 a
	1.7 ± 0.3 a
	1.4 ± 0.2 a
	1.7 ± 0.2 a



	Titratable acidity (g L−1)
	4.3 ± 0.1 c
	4.4 ± 0.1 bc
	4.6 ± 0.1 ab
	4.8 ± 0.1 a



	Malic acid (g L−1)
	0.35 ± 0.05 b
	0.36 ± 0.08 b
	0.31 ± 0.07 b
	0.51 ± 0.07 a



	pH
	3.82 ± 0.01 a
	3.78 ± 0.02 ab
	3.75 ± 0.02 bc
	3.72 ± 0.02 c



	Volatile acidity (g L−1)
	0.40 ± 0.08 a
	0.32 ± 0.02 a
	0.34 ± 0.04 a
	0.37 ± 0.05 a







Each value represents the average ± standard error of 3 replicates (p < 0.05). Values marked with different alphabets mean significant differences between treatments.













 





Table 4. Yield components of the grapevines.






Table 4. Yield components of the grapevines.





	Parameter/Treatment
	C
	LP1
	LP2
	LP3





	Bunch/vine
	12.5 ± 2.0 a
	9.7 ± 1.7 b
	10.1 ± 1.6 b
	9.1 ± 1.6 b



	Yield/vine (kg)
	2.03 ± 0.33 a
	1.94 ± 0.68 a
	1.84 ± 0.59 ab
	1.39 ± 0.43 b



	Bunch weight (g)
	362.2 ± 59.8 a
	297.9 ± 71.6 b
	227.4 ± 48.1 c
	174.0 ± 35.7 c



	Berry weight (g)
	2.42 ± 0.32 a
	2.46 ± 0.41 a
	2.33 ± 0.34 ab
	2.21 ± 0.40 b



	Cane weight/vine (kg)
	0.47 ± 0.07 a
	0.46 ± 0.04 a
	0.42 ± 0.05 a
	0.44 ± 0.11 a



	Cane diameter (mm)
	8.5 ± 0.7 a
	7.8 ± 0.7 ab
	7.1 ± 0.8 bc
	6.6 ± 0.9 c







Each value represents the average ± standard error of 15 replicates (p < 0.05). Values marked with different alphabets mean significant differences between treatments.













 





Table 5. Flavonoid content in Blaufränkisc