



The Effect of Short Pruning Systems on Grapevine Growth (Kahramanmaraş)




ABSTRACT
Balanced pruning should be used in viticulture to regulate vine strength, growth, and crop load. This study evaluates the effects of two pruning strategies on the number of shoots, shoot length, shoot diameter, and cluster number in seven grape varieties for four years under Kahramanmaraş climatic conditions. Two-bud and three-bud short pruning practices were carried out on Sergi Karası, Yalova İncisi, Victoria, Prima, Hatun Parmağı, Razakı, and Horoz Karası varieties in the 2014, 2015, 2016, and 2017 growing seasons. Shoot number, shoot length, shoot diameter, and cluster number were measured for each bud position on two-bud and three-bud short shoots on each vine studied. As a result, Three-bud short pruning resulted in the highest number of shoots and the highest number of clusters over four years. The pruning method significantly affected shoot and cluster number measurements in all varieties. The findings of this study show that various pruning techniques adapted to individual vine strength and growth can be used to optimize shoot number, shoot diameter, shoot length, and cluster number for some grape varieties grown in Kahramanmaraş.
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INTRODUCTION
In the continental climate regions of the Northern Hemisphere, winter cold is one of the most significant climatic factors limiting viticulture. Pruning is one of the most beneficial viticultural practices for establishing a balance within the vine. Yield, leaf area-to-fruit ratio, and maturation processes can be modulated by determining the number of buds retained on the vine (Miele & Rizzon, 2013). Quality factors and standards in grapes are of great importance in both domestic and international markets (Çelik & Kısmalı, 2005). Particularly for table grape varieties, berry size and variety-specific berry color on the cluster are the main characteristics critical in agricultural practices such as pruning, irrigation, fertilization, disease and pest management, which are among the most important maintenance operations, play a crucial role in improving quality. Timely pruning, considering the phenological stage of the vines and the ecological conditions of the region, as well as the selection of species, varieties, and rootstocks, is essential (Dardeniz & Kismali, 2005). While different pruning practices have been found to significantly increase yield, the increased yield associated with a higher number of retained buds did not cause significant changes in quality parameters. In a study conducted on the Sultana grape variety, a linear increase in cluster number was observed in parallel with an increase in the number of buds retained during pruning (Antcliff, 1965). Pruning in vines is performed to prevent longitudinal shoot growth, promote the transition from vegetative to reproductive development, ensure carbon assimilation, particularly in the shoots, increase airflow within the vine canopy, and create an optimal sunlight exposure environment in the cluster zone. The balance of vigor, yield, and uniform bud break in Cabernet Sauvignon vines is related to spur pruning (Rosner & Cook, 1983). Utilizing spurs in the pruning method is a good practice for consistent shoot growth (Poni et al., 2004; Bernizzoni et al., 2009). However, a higher number of retained buds does not necessarily result in increased yield (Wolpert et al., 1983). Bud viability, depending on node position, has been reported to play a significant role in grapevine yield (Kaya & Köse, 2017). Vine pruning is a vital component of viticulture as it serves to regulate growth, manage vine health, and improve yield (Reynolds, 2022). Especially in modern viticulture and other fruit species, pruning should be carried out according to the ecological conditions of the species and varieties. Despite its acknowledged importance, the impact of short pruning on grapevine performance in Turkiye's distinctive terroirs has not received sufficient scrutiny. This study aims to address this knowledge gap by evaluating the effects of short pruning on grape yield, berry quality, and vine health in several grapevine varieties. In this study, the effects of one, two, and three bud pruning on shoot number, shoot length, shoot diameter, cluster number and yield were investigated in Sergi Karası, Yalova İncisi, Victoria, Prima, Hatun Parmağı, Razakı, and Horoz Karası grapevine cultivars by researchers in different growing regions under the ecological conditions of Kahramanmaraş.
MATERIALS AND METHOD
Plant Material
The study was conducted in the horticulture research vineyard of Kahramanmaras Sutcu Imam University. The plant material consisted of Sergi Karası, Yalova İncisi, Victoria, Prima, Hatun Parmağı, Razakı, and Horoz Karası grape varieties grafted onto Rubestris du Lot rootstock. The study was carried out over four consecutive years, from 2014 to 2017. The experimental site is located at an altitude of 700 m above sea level. Soil analysis of the samples collected from a 0–30 cm depth revealed a pH of 6.83 (Aydemir and Kara, 2023), an organic matter content of 3.03%, a total porosity of 53.33%, a penetration resistance of 1.08 MPa, and a bulk density of 1.38 g cm⁻³ (Kara and Aydemir, 2023). The vines were 10 years old, planted at a spacing of 4 x 2 m (between rows x within rows), trained to a 1.5 m high cordon system, and irrigated by drip irrigation. The experiment followed a randomized plot design with three replications, each replication comprising three vine rows. Within each selected replication, the vines were individually pruned to retain one bud, two buds, or three buds on the canes. Harvest was conducted annually between the 10th and 30th of September. Post-harvest analyses evaluated shoot number, shoot length, shoot diameter, cluster number, and yield for the vines subjected to the different pruning treatments.

Statistical Analysis
All descriptive analyses were performed using the agricolae package in R studio. The effects of cultivar (seven levels), pruning treatment (two levels), and year (four levels), on shoot number, shoot length, shoot diameter and cluster number were assessed by analysis of variance (ANOVA) using the agricolae package in R studio. A model that included all main effects was tested for normality assumptions. Four separate linear models were constructed to determine the main effects (cultivar, pruning treatment, and year) on shoot number, shoot length, shoot diameter, and cluster number. Tukey's Honest Significant Difference (TukeyHSD) test was applied using the agricolae package in R studio to compare means. Principal Component Analysis (PCA) was conducted on cultivars, pruning treatments, years, and all variables using the ggbiplot2 function in R studio (Team, 2013 & Mendiburu, 2019).

RESULTS AND DISCUSSION
Shoot number and cluster number were affected by applications, cultivars, and years. Shoot length and shoot diameter were not affected by applications while they were significantly influenced by cultivars and years. Three bud applications demonstrated higher shoot numbers (36.3 number, p= 0.00291**) and cluster numbers (38.7 number, p= 4.62e-06***) compared to the two bud applications The years 2016 and 2017, consistently displayed higher shoot numbers (35.4 and 34.8, respectively) and cluster numbers (36.9 and 39.4, respectively) than years 2014 (31.3 shoot number and 32.3 cluster number) and year 2015 (32.4 shoot number and 24.9 cluster number) with the p= 0.04223* for shoot number and p= 1.82e-10 for cluster number. However, shoot length, (100.6 and 97.7 cm respectively) and shoot diameter (7.22 and 7.08 mm, respectively) in 2016-2017 were consistently lower than in 2014-2015 with p= 2e-12 for shoot length and p= 2e-16*** for shoot diameter. Shoot length was the predominant longer with p= 0.00106** in Hatun Parmağı (116 cm), Razakı (118 cm), and Horoz Karası (119 cm) while Prima (95 cm) was a shorter shoot length cultivar and Sergi Karası (110 cm), Yalova İncisi (108 cm) and Victoria (112 cm) were between these cultivars. Shoot diameter with p= 0.000116*** ranged from Horoz Karası (9.38 mm) to Victoria (8.38 mm). Sergi Karası, Yalova İncisi, Prima, Hatun Parmağı and, Razakı (9.36, 8.60, 8.43, 9.27, 8.55 mm, respectively) were between these cultivars (Table 1). 

Table 1. The determination of effects of cultivars , applications, and years on shoot number, shoot length, shoot diameter and cluster number evaluated.
	
	Shoot number
(Number/Vine)
Sürgün Sayısı
(Adet/Asma)
	Shoot length
(cm)
Sürgün Uzunluğu (cm)
	Shoot diameter (mm)
Sürgün çapı (mm)
	Cluster number
(Number/Vine)
Salkım sayısı
(Adet/Asma)

	CultivarX
	
	
	
	

	Sergi Karası
	31.25±1.13
	107.85±5.24 ab
	9.32±1.74 ab
	36.58±5.64

	Yalova İncisi
	32.93±9.45
	115.37±7.00 ab
	8.51±3.35 ab
	31.00±2.93

	Victoria
	35.11±8.63
	117.83±7.21 ab
	8.15±2.40 b
	31.83±8.35

	Prima
	33.46±8.86
	97.12±5.23 b
	8.96±1.94 ab
	31.54±5.24

	Hatun Parmağı
	36.43±14.41
	114.97±8.32 ab
	9.86±2.55 a
	30.16±9.20

	Razakı
	30.63±6.77
	118.15±7.33 ab
	8.34±2.00 b
	33.45±3.35

	Horoz Karası
	34.98±8.34
	121.58±5.53 a
	9.42±3.15 ab
	36.75±2.00

	p-values
	ns
	0.03336 *
	0.002726 **
	ns

	ApplicationsY
	
	
	
	

	2 bud-spur
	32.38± 1.27 b
	111.82±3.75
	8.93 ±2.45
	30.19±4.24 b

	3 bud-spur
	36.33± 1.70 a
	114.72±6.41
	8.95±2.82
	35.90±6.35 a

	p-values
	0.00291**
	ns
	ns
	0.000117 ***

	YearsW
	
	
	
	

	2014
	30.35±10.4 b
	133.10±5.25 a
	10.76±1.7 a
	28.07±6.14 b

	2015
	32.46±12.6 ab
	117.52±9.43 b
	10.65±1.8 a
	24.23±7.96 b

	2016
	36.80±7.0 a
	102.54±6.00 c
	7.26±1.9 b
	38.78±8.30 a

	2017
	36.35±8.6 a
	99.90±2.00 c
	7.08±1.9 b
	41.09±5.3 a

	p-values
	0.00195 **
	3.79e-09 ***
	2e-16***
	7.17e-14 ***


X, Mean seperation in cultivars; Y, Mean seperation in applicattions; W, Mean seperation in years; For a given factor (different letters within a column represent significant differences (Tukey test, *, Significant at p-value <0.05; **, Significant at p-value < 0.01; ***, Significant at p-value < 0.001, ns, not significant). Data are expressed as mean and standart error of the data.

Application pruning methods are shown, the pink (2 buds) and blue (3 buds) circles representing the method are distributed along the vertical axis of PC1. This shows that the application pruning methods provide the greatest contribution to shoot and cluster number. On the other hand, the three-bud spurs method was strongly distributed along the horizontal axis of PC1, indicating that the method had a greater effect on cluster number and shoot number compared to two-buds method. This shows two bud spurs have the lowest contribution to the total variance, while three bud spurs represents a significant portion of the total variance (Fig. 1A). The purple circle represents Victoria and has a great contribution while Hatun Parmağı has the lowest to total variance. The other cultivars were between Victoria and Hatun Parmağı cultivars and have contributions differently (Fig. 1B). The red and green circles represent the years 2014 and 2015 where the dots are distinct from each other, indicating that the practices for these years have different values while the purple and blue circles representing the year 2016 and 2017 show a close distribution, indicating that the similarities between the practices for these years are high. When we look at the relationships between the variables of the years, it is seen that 2016 and 2017 have a higher effect on shoot number and cluster number while 2014 and 2015 have a higher effect on shoot length and shoot diameter. These results suggest that experimental years have different effects on the presented variables (Fig. 1C). For the variables, Dim1 and Dim2 states for 43.4% and 24.8% of the variance, respectively. Shoot number and cluster number were located on the positive side of Dim1 with red arrows while shoot length and shoot diameter were on the negative side of Dim1 with green arrows (Fig.1D). In addition, a strong positive correlation was observed between shoot diameter and shoot lenght, as well as between cluster number and shoot number, demonstrated by the large blue circles. Conversely, cluster number was found to have a pronounced negative correlation with shoot diameter, and a negatively pattern also has seen between shoot diameter and shoot number, as indicated by the light red circles (Fig. 1E). 
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Figure 1. PCA biplot of berries colored by applications, cultivars and years. All applications (pruning methods) (A), cultivars (B), years (C), all variables (D), and correlation heatmaps of variables (E) are demonstrated.

Short pruning methods in most training systems allow great light exposure to the growing buds on the vine (Bavougian et al., 2013), which mostly results in enhanced bud viability across cultivars (Yilmaz & Fennell, 2021). The assumption that short pruning methods and training systems improve light exposure and bud viability is supported by previous research (Bavougian et al., 2013; Yilmaz & Fennell, 2021). Our results seem to align with these findings. The training systems which are low cordon or high cordon (Scott Henry and Geneva double curtain, respectively) had increased yield compared to the single high cordon, while extra efforts may be needed for better comparisons in specific areas with different winter conditions (Wimmer et al., 2018). The implication is that different training systems (low cordon, high cordon) may need to be evaluated for specific regions/conditions to determine optimal yield (Wimmer et al., 2018). Previous comparisons of fruit quality with vines pruned with spurs (three buds) or long canes (eight buds) have shown no differences in yield (Peppi & Kania, 2013). This contrasts with our finding of increased yield from higher bud numbers. Some studies have resulted in increasing yield under given specific training (Bavougian et al., 2013; Aipperspach et al., 2020); however, the implication is that winter conditions and vigor must also be considered for pruning strategies, in addition to the assumption from Aipperspach et al. (2020) that specific training can increase yield. Shoot and cluster numbers are increased as a result of increasing the number of buds left on the vine in this study; however, the number of buds left on the vine did not affect shoot length and diameter. The outcomes of the current inquiry corroborate and improve on previous studies conducted in different wine-producing regions with evidence that short pruning substantially impacts grape production (Johnson & Robinson, 1994; Reynolds, 2022). Contrary to our results, short pruning typically focuses the plant's resources by decreasing the number of buds remaining on the vine, which boosts grape quality. This contrasts with the typical assumption that short pruning improves quality by reducing bud numbers (Correia et al., 2014). The implication is that the relationship between bud number and quality may depend on the cultivar. Therefore, it is noteworthy to consider that the various grape cultivars examined indicated varying impacts from short pruning on yield, revealing that genotype is a major factor in identifying a particular pruning strategy. This range of characteristics underlines how vital it is when considering both the biological characteristics of the grapevine in addition to a vineyard's surrounding conditions when incorporating pruning practices (Senthilkumar et al., 2015). The obtained findings align with those reported by Senthilkumar et al. (2015), who discovered that cultivar characteristics have an enormous effect on the manner in which a plant responds to pruning approaches (Jones, 2006). The implication is that both genotype and environment must be considered when applying pruning practices (Senthilkumar et al., 2015), as confirmed by the varying responses across our cultivars. A study incluated Horoz Karası and Yalova İncisi reported to be prune from 4-5 buds (Çakır, 2021; Odabaşıoğlu, 2024).
Interestingly, the Hatun Parmağı, Razakı, Horoz Karası, Victoria and Prima varieties exhibited a relatively consistent growth pattern across the different pruning techniques, suggesting that these varieties may be less sensitive to pruning. The consistent growth patterns in some cultivars despite pruning implies they may be less sensitive. For instance, the Sergi Karası responded more favorably to three-bud pruning, showing an increase in shoot diameter. The responsiveness in others like Sergi Karası suggests pruning can optimize traits like diameter for certain genotypes. In addition, the Horoz Karası and Hatun Parmağı varieties demonstrated optimal shoot length and diameter with three-bud pruning. It is possible that a higher number of buds left during pruning led to a higher number of clusters in some grape varieties. The finding that pruning affected cluster number implies bud number influences this, but the mechanisms require further study. Furthermore, the study found that the effect of pruning on shoot length and diameter was not uniform across the grape varieties and years, but no differences were observed in bud applications. This could be due to inherent genetic differences among the grape varieties, which determine their growth responses to pruning. The lack of uniform effects of pruning on shoot traits across cultivars/years suggests genetic differences in responsiveness that need deeper mechanistic investigation. These findings indicate the importance of tailoring pruning techniques to the specific grape variety to optimize growth. The overarching implication is that pruning optimization is cultivar-specific, so tailoring practices to the variety is crucial for maximizing desired growth. However, further research is needed to understand the underlying mechanisms that contribute to these differences in growth response.
CONCLUSION
The number of shoots and clusters increased concomitantly with a higher number of retained buds on the vine in this study. However, the number of retained buds did not influence shoot length or diameter. Interestingly, the Hatun Parmağı, Razakı, Horoz Karası, Victoria, and Prima cultivars exhibited a relatively consistent growth pattern across the different pruning treatments, suggesting that these varieties may be less responsive to alterations in pruning severity. In contrast, the Sergi Karası cultivar responded more favorably to the three-bud pruning treatment, exhibiting an increase in shoot diameter. Additionally, the Horoz Karası and Hatun Parmağı varieties attained optimal yield with the three-bud pruning method, particularly in terms of shoot length and diameter parameters. The number of clusters was also influenced by the pruning techniques employed. It is plausible that retaining a higher number of buds during pruning facilitated an increased number of clusters. Furthermore, the study revealed that the effect of pruning on shoot length and diameter was not uniform across the grape varieties and years evaluated, although no differences were observed in the bud retention treatments. This discrepancy could be attributable to inherent genetic differences among the grape varieties, which modulate their growth responses to pruning practices. Overall, this study contributes to the expanding body of knowledge on viticultural management practices and has potential implications for optimizing grape growth strategies. In conclusion, this study underscores the complexity of grapevine responses to different pruning techniques. It highlights the necessity for further research to elucidate the underlying mechanisms and develop variety-specific pruning guidelines. Such information would be invaluable for vineyard managers. 
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