Effects of Two- and Three-Bud Spur Pruning on Grapevine Shoot Growth and Cluster Number in Kahramanmaraş,India
ABSTRACT
Winter spur pruning affects the number and position of buds capable of producing shoots and inflorescences, but vine responses may vary among cultivars and seasons. Two-bud and three-bud short-spur pruning were compared in seven grapevine cultivars (Sergi Karası, Yalova İncisi, Victoria, Prima, Hatun Parmağı, Razakı, and Horoz Karası) grown in Kahramanmaraş, Türkiye, during 2014–2017. Four characteristics were summarised: shoots per vine, shoot length, shoot diameter, and clusters per vine. Mean shoot and cluster counts were 36.33 and 35.90 per vine under three-bud pruning, compared with 32.38 and 30.19 under two-bud pruning. Mean shoot length was 114.72 versus 111.82 cm, and shoot diameter was 8.95 versus 8.93 mm, respectively. Shoot length and diameter were lower in 2016–2017 than in 2014–2015. The comparison is descriptive because the numbers of independently sampled vines, possible repeated observations of the same vines, and the complete statistical model are not documented; shoot-number marginal averages also differ across factor summaries. The results describe variation in shoot development and cluster counts under the study conditions but do not establish greater harvested yield, improved fruit composition, or a cultivar-specific optimal pruning length.
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1. INTRODUCTION
Winter pruning is a principal method for regulating the number of potential shoots and inflorescences on grapevines. Its effect depends on the number and position of buds left on bearing wood, bud fruitfulness, and the capacity of the canopy to support reproductive growth. Pruning severity can influence vegetative vigour and the allocation of growth among shoots and clusters, although additional clusters do not necessarily translate into a proportional increase in harvested fruit mass (Antcliff, 1965; Miele & Rizzon, 2013; Reynolds, 2022).
Spur pruning is commonly incorporated into cordon-trained vineyard systems, but its suitability is affected by bud position and varietal characteristics. In a comparison of differential pruning methods in Cabernet Sauvignon, Rosner and Cook (1983) documented differences associated with the position and origin of bearing shoots. Four years of observations on Croatina likewise illustrated how node number and pruning configuration may change productive responses (Poni et al., 2004). Comparative research on Barbera found that differences in shoot development among training systems could be offset by other components of fruit production (Bernizzoni et al., 2009). These findings indicate that vegetative and reproductive indicators should be considered separately.
Bud fruitfulness and the position of fertile buds on canes are particularly relevant to short-spur pruning. Dardeniz and Kısmalı (2005) evaluated dormant-bud fertility in table grapes, including Yalova İncisi, and identified a two- to three-bud short-pruning range for that cultivar on the basis of their bud-position and yield assessments. The outcomes considered here differ from those of direct bud-fertility or yield assessments: shoot growth and cluster counts are summarised across seven cultivars and four seasons at one vineyard site. Odabaşıoğlu (2024) likewise investigated cluster formation at different bud positions. Winter-bud hardiness may further contribute to variability (Kaya & Köse, 2017), while cultivar comparisons suggest that pruning configurations need not perform similarly in distinct growing conditions (Yilmaz & Fennell, 2021).
More recent investigations have evaluated whole-vine bud loads alongside direct measurements of harvested yield and fruit composition. Aipperspach et al. (2020) studied retained bud numbers in cold-hardy grape hybrids, whereas Bonin et al. (2024, 2025) investigated bud-load contrasts in subtropical wine-grape vineyards. In those investigations, bud number was quantified at the vine level, a distinction from the per-spur classification used here. Differences in cultivar, climate, vine training, and measured responses limit direct numerical comparisons. The Kahramanmaraş summaries therefore contribute site-specific descriptions of vegetative growth and cluster number rather than independent evidence of an optimal whole-vine bud load.
The studies discussed above address different cultivar groups, vineyard environments or pruning configurations; they do not directly describe two- versus three-bud spur pruning across the seven cultivars and four growing seasons assessed at this Kahramanmaraş site.
This study compared the summarised effects of two-bud and three-bud short-spur pruning on shoot number, shoot length, shoot diameter, and cluster number in seven grapevine cultivars during the 2014–2017 growing seasons. Cultivar and year differences are described, with a distinction maintained between cluster count and actual harvested yield or fruit quality.
2. MATERIALS AND METHODS
2.1. Experimental site and plant material
The experiment was conducted in the horticulture research vineyard of Kahramanmaraş Sütçü İmam University, Türkiye, at approximately 700 m above sea level. The plant material comprised the Sergi Karası, Yalova İncisi, Victoria, Prima, Hatun Parmağı, Razakı, and Horoz Karası cultivars grafted onto Rupestris du Lot rootstock. The vines were approximately 10 years old, planted at 4 × 2 m spacing (between-row × within-row), and trained on a cordon approximately 1.5 m high. Drip irrigation was used. Observations covered four consecutive growing seasons, 2014–2017.
2.2. Pruning treatments and measurements
The vineyard experiment was described as a randomised plot design with three replications, each comprising three vine rows. The pruning categories compared were short spurs carrying two or three retained buds, and pruning was performed on individual vines. The number of retained spurs per vine, the total retained buds per vine, and the allocation of pruning treatments to vine- or row-level experimental units were not specified. The independent vine counts for each cultivar, pruning category, and year, including whether the same vines were observed repeatedly, were also not available. Harvest took place in September. The four reported measurements were shoot number per vine, mean shoot length (cm), mean shoot diameter (mm), and cluster number per vine. No fruit mass, harvested yield, or berry-composition measurements are available for these pruning contrasts.
2.3. Statistical analysis and exploratory graphics
The analyses were reported to have been performed in R using agricolae procedures (R Core Team, 2013; de Mendiburu, 2019). Separate analyses of variance for the four responses included cultivar (seven categories), pruning category (two categories), and growing season (four years) as main effects. Table 1 gives the nominal main-effect probabilities and the stated Tukey grouping letters. The available information does not identify denominator degrees of freedom, treatment-by-cultivar or treatment-by-year terms, residual error structure, missing observations, or repeated-vine handling. Independent experimental units are required for valid treatment inference (Hurlbert, 1984), and serial observations of the same vines would require a model accounting for within-vine dependence (Laird & Ware, 1982). Consequently, the reported significance tests are presented as nominal and are not independently reproducible from the summary table. Figure 1 includes exploratory principal-component plots and a correlation display. The number of observations, variable standardisation procedure and ellipse definitions underlying the ordinations were not specified.
3. RESULTS
3.1. Pruning treatments, cultivar differences, and seasonal variation
The summarised mean shoot numbers were 32.38 and 36.33 per vine under two-bud and three-bud pruning, a difference of 3.95 shoots per vine (12.20% relative to the two-bud mean). Cluster numbers were 30.19 and 35.90 per vine, a difference of 5.71 clusters per vine (18.91%). Average shoot length differed by 2.90 cm (111.82 versus 114.72 cm) and diameter by 0.02 mm (8.93 versus 8.95 mm). Table 1 lists nominal pruning-category probabilities of p = .00291 for shoot number and p = .000117 for cluster number; the corresponding entries for shoot length and diameter are designated nonsignificant. Because the analysis-unit structure and model outputs are not documented, these probabilities do not independently establish a reproducible treatment effect or identify responses within any particular cultivar.
The cultivar summaries ranged from 30.63 to 36.43 shoots per vine and from 30.16 to 36.75 clusters per vine. Horoz Karası had the longest summarised shoots (121.58 cm), whereas Prima had the shortest (97.12 cm). Mean shoot diameter was highest for Hatun Parmağı (9.86 mm) and lower for Victoria (8.15 mm) and Razakı (8.34 mm). The nominal main-effects probabilities for the cultivar summaries are p = .03336 for shoot length and p = .002726 for shoot diameter; shoot and cluster numbers are designated nonsignificant. These entries do not measure cultivar-specific responses to the two pruning categories.
From 2014 to 2017, the annual mean shoot numbers were 30.35, 32.46, 36.80, and 36.35 per vine, while the respective cluster numbers were 28.07, 24.23, 38.78, and 41.09 per vine. Mean shoot lengths were 133.10, 117.52, 102.54, and 99.90 cm; the corresponding diameters were 10.76, 10.65, 7.26, and 7.08 mm. The unweighted arithmetic averages of the marginal shoot-number means for the seven cultivars, two pruning categories and four years are 33.54, 34.36, and 33.99, respectively. These different averages may reflect unequal weighting or incomplete observations, but this cannot be determined without group sizes and vine-level data. By contrast, the marginal summaries of shoot length, diameter, and cluster number agree to the precision shown. Table 1 details these observations, nominal p values, and letter groupings for all four outcomes.
Table 1. Shoot growth and cluster number by cultivar, short-spur pruning category, and growing season.
	Factor / level
	Shoots per vine (number)
	Shoot length (cm)
	Shoot diameter (mm)
	Clusters per vine (number)

	Cultivar
	
	
	
	

	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 value
	n.s.
	0.03336
	0.002726
	n.s.

	Pruning category
	
	
	
	

	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 value
	0.00291
	n.s.
	n.s.
	0.000117

	Year
	
	
	
	

	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 value
	0.00195
	3.79e-09
	2e-16
	7.17e-14


Note. Values are shown as means ± reported dispersion terms; these terms were identified as standard errors, but their definition and calculation cannot be checked without subgroup sample sizes. Letters indicate the reported Tukey grouping within each factor and column at nominal p < .05; n.s. = reported nonsignificant result. P values refer to main-effects analyses and are not independently validated. The table contains no cultivar-by-pruning or year-by-pruning interaction estimates. Different marginal grand averages for shoot number remain unexplained without group weights or original observations.
3.2. Multivariate patterns
Figure 1 depicts the exploratory multivariate relationships among shoot number, shoot length, shoot diameter, and cluster number. The principal-component displays show substantial overlap between pruning categories (Figure 1A) and among cultivars (Figure 1B), together with some separation between observations from different years (Figure 1C). In the variable-loading display, the first and second dimensions explain 43.4% and 24.8% of the plotted variation, respectively (Figure 1D), or 68.2% jointly. Shoot number and cluster number have approximately aligned loadings, while shoot length and shoot diameter are oriented toward a different part of the displayed component space. The correlation matrix (Figure 1E) visually suggests positive associations of shoot length with diameter and shoot number with cluster number, as well as a negative association of cluster number with diameter. The plots provide descriptive associations; the sample size, scaling method, ellipse coverage, and numerical correlations are not documented, and they cannot be used to validate pruning effects or infer causation.
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Figure 1. Exploratory patterns in grapevine growth and cluster characteristics: (A) principal-component scores by two- or three-bud pruning category; (B) scores by cultivar; (C) scores by year; (D) variable loadings for principal components 1 and 2 (Dim1 = 43.4%; Dim2 = 24.8%); and (E) correlation-matrix display for shoot number, shoot length, shoot diameter, and cluster number. The PCA variable-scaling procedure, group-ellipse specification, and numerical correlation estimates are not available. Graphical patterns do not constitute tests of pruning effects.
4. DISCUSSION
Three-bud pruning was associated with higher summarised shoot and cluster counts than two-bud pruning across the observed cultivars and seasons. A higher number of potentially active bud positions per spur could contribute to these differences, but the total number of spurs per vine and whole-vine bud load were not measured in the available records. Bud-break percentage, bud survival, and flower initiation at each node position were also unavailable, so the observed differences cannot be attributed to a demonstrated bud-fertility mechanism. Antcliff (1965) showed the importance of crop-load regulation in Sultana, and Odabaşıoğlu (2024) described differences in the positions of fruitful buds among grape varieties. Such evidence supports distinguishing retained bud number from observed bud fruitfulness.
A greater cluster count cannot be equated with greater harvested yield. Total fruit mass also depends on the number of berries per cluster, berry mass, individual cluster mass, and preharvest losses. Aipperspach et al. (2020) evaluated several bud-retention levels in Frontenac gris and Marquette and quantified yield directly; Poni et al. (2004) likewise measured fruit production in Croatina. Peppi and Kania (2017) observed similar total fruit weight for spur- and cane-pruned Cabernet Sauvignon vines despite differences in vegetative growth. These studies illustrate why cluster numbers alone are insufficient to evaluate productivity. The numerical cluster-count difference observed in Kahramanmaraş identifies a potential reproductive contrast, not a measured gain in harvested fruit mass.
Mean shoot length and diameter differed little between pruning categories in the pooled summaries, even though both varied among cultivars and across years. The longer and thicker shoots in 2014 and 2015, relative to 2016 and 2017, may reflect a combination of seasonal conditions, growth allocation, and unmeasured management factors. However, meteorological, pruning-weight, and vine-carbohydrate measurements were not provided; the drivers of annual differences therefore remain uncertain. Comparative research shows that canopy architecture and vine spacing can change shoot growth, berry-zone light, and reproductive traits (Bavougian et al., 2013; Bernizzoni et al., 2009; Wimmer et al., 2018). Those studies support the importance of growth context without identifying a mechanism for the present data.
Cultivar characteristics and cultivar-specific pruning responses are different analytical questions. Mean shoot length and diameter varied among cultivars in the pooled summaries, consistent with research documenting differences in grapevine growth and production traits (Senthilkumar et al., 2015; Yilmaz & Fennell, 2021). Dardeniz and Kısmalı (2005) identified a two- to three-bud pruning range for Yalova İncisi in a study that measured bud fertility and considered yield; the present cluster-count summaries provide neither direct yield measurements nor a treatment comparison specific to Yalova İncisi. Without cultivar-by-pruning effect estimates and their uncertainty, it is not possible to determine whether a particular cultivar responded preferentially to three-bud pruning.
Work in other environments shows why generalisation should remain cautious. Bonin et al. (2024) reported bud-load responses in Fiano under subtropical conditions, including an influence on shoot growth, whereas Bonin et al. (2025) studied a different bud-load series in Viognier. Studies evaluating fruit composition directly have reported results not predictable from shoot or cluster count alone (Miele & Rizzon, 2013; Peppi & Kania, 2017). Consequently, short-spur selection in Kahramanmaraş cannot be recommended solely from the number of clusters observed; harvested yield and grape-quality outcomes would be needed to assess the agronomic trade-offs.
Changing the number of buds on a spur may alter the number of potential growing points and canopy density, but whole-vine exposure depends also on the number of spurs retained. The observations are relevant to vineyard monitoring under the specified conditions without establishing a universally superior spur length. Studies combining total bud load, spurs per vine, bud-break and cluster-position observations, pruning mass, and direct fruit-yield measurements could more fully address the balance between vegetative and reproductive growth. Factorial comparisons with documented experimental units and season-specific interactions would be needed to distinguish cultivar-level treatment effects from year and vineyard variation.
5. LIMITATIONS
The available experimental records do not identify independently observed vine numbers within each cultivar-by-pruning-by-year cell, the level of randomised treatment assignment, the number of bearing spurs per vine, or whether the same vines were assessed repeatedly. These omissions prevent independent assessment of the effective replication and of the reported standard errors, Tukey letter groupings, and nominal p values. Independence of experimental units is essential to field-trial inference (Hurlbert, 1984); any repeated seasonal measurements on the same vines would require an appropriate within-vine correlation structure (Laird & Ware, 1982). No cultivar-by-pruning or year-by-pruning interaction estimates are reported. Accordingly, the inferential results cannot be independently reconstructed and are insufficient for cultivar-specific pruning recommendations.
The unweighted marginal grand averages for shoot number are 33.54 when calculated from cultivar means, 34.36 from pruning-category means, and 33.99 from annual means. Their disagreement cannot be resolved from the marginal summaries alone; unequal numbers of observations or different weighting could contribute, but neither is documented. The standard-error designation and the associated uncertainty intervals remain unverified. The lack of original PCA inputs also prevents independent evaluation of scaling, ellipse coverage, and numerical correlations. Only shoot and cluster measurements were reported: the study supplies no harvested yield, cluster mass, berry composition, pruning mass, or weather series. Consequently, the source of seasonal variation and the agricultural consequences of the differences in cluster counts remain uncertain.
6. CONCLUSION
Across seven grapevine cultivars observed in Kahramanmaraş during 2014–2017, the three-bud pruning summaries showed higher mean shoot and cluster numbers per vine than the two-bud summaries, whereas mean shoot length and diameter differed little. Shoot dimensions and cluster counts also varied among years and cultivars. These findings are descriptive because the experimental-unit structure and reported inferential statistics cannot be independently verified and the shoot-number marginal summaries are not reconciled. The study does not demonstrate improved harvested yield, grape composition, or a superior spur length for any individual cultivar. Reliable agronomic evaluation of short-spur pruning requires vine-level documentation, appropriate factorial and longitudinal analysis, and direct fruit-harvest measurements.
DECLARATION OF AI USE
Grammarly and ChatGPT were used as writing aids for language editing, organization, and reference formatting. Responsibility for the research design, underlying observations, statistical analyses, interpretations, and final content rests with the authors.
REFERENCES
Aipperspach, A., Hammond, J., & Hatterman-Valenti, H. (2020). Utilizing pruning and leaf removal to optimise ripening of Vitis riparia-based ‘Frontenac gris’ and ‘Marquette’ wine grapes in the northern Great Plains. Horticulturae, 6(1), Article 18. https://doi.org/10.3390/horticulturae6010018
Antcliff, A. J. (1965). A comparison of cropping levels in the Sultana. Vitis, 5, 1–9. https://www.openagrar.de/servlets/MCRFileNodeServlet/openagrar_derivate_00063606/VITIS-05-01-01.pdf
Bavougian, C. M., Read, P. E., Schlegel, V. L., & Hanford, K. J. (2013). Canopy light effects in multiple training systems on yield, soluble solids, acidity, phenol and flavonoid concentration of ‘Frontenac’ grapes. HortTechnology, 23(1), 86–92. https://doi.org/10.21273/HORTTECH.23.1.86
Bernizzoni, F., Gatti, M., Civardi, S., & Poni, S. (2009). Long-term performance of Barbera grown under different training systems and within-row vine spacings. American Journal of Enology and Viticulture, 60(3), 339–348. https://doi.org/10.5344/ajev.2009.60.3.339
Bonin, B. F., Biasi, L. A., Marcon Filho, J. L., Brighenti, A. F., Soldi, C., Brighenti, L. H., & Franciscon, V. G. (2024). Bud load and its influence on agronomic performance and wine aromatic composition of ‘Fiano’ grapevine in Southern Brazil. South African Journal of Enology and Viticulture, 45(2), 81–91. https://doi.org/10.21548/45-2-6515
Bonin, B. F., Biasi, L. A., Marcon Filho, J. L., Brighenti, A. F., Soldi, C., Franciscon, V. G., & Cosmo, A. C. (2025). Agronomic performance of ‘Viognier’ grapevines in subtropical conditions and wine aromatic compounds under different bud numbers retained at pruning. OENO One, 59(3), Article 9257. https://doi.org/10.20870/oeno-one.2025.59.3.9257
Dardeniz, A., & Kısmalı, İ. (2005). Bazı sofralık üzüm çeşitlerinde kış gözü verimliliğinin saptanması ile optimum budama seviyelerinin tespiti üzerine araştırmalar. Ege Üniversitesi Ziraat Fakültesi Dergisi, 42(2), 1–10. https://dergipark.org.tr/tr/pub/zfdergi/article/69427
de Mendiburu, F. (2019). agricolae: Statistical procedures for agricultural research (Version 1.3-1) [R package]. https://doi.org/10.32614/CRAN.package.agricolae
Hurlbert, S. H. (1984). Pseudoreplication and the design of ecological field experiments. Ecological Monographs, 54(2), 187–211. https://doi.org/10.2307/1942661
Kaya, Ö., & Köse, C. (2017). Determination of resistance to low temperatures of winter buds on lateral shoot present in Karaerik (Vitis vinifera L.) grape cultivar. Acta Physiologiae Plantarum, 39(9), Article 209. https://doi.org/10.1007/s11738-017-2513-7
Laird, N. M., & Ware, J. H. (1982). Random-effects models for longitudinal data. Biometrics, 38(4), 963–974. https://doi.org/10.2307/2529876
Miele, A., & Rizzon, L. A. (2013). Intensidades da poda seca e do desbaste de cacho na composição da uva Cabernet Sauvignon. Revista Brasileira de Fruticultura, 35(4), 1081–1092. https://doi.org/10.1590/S0100-29452013000400020
Odabaşıoğlu, M. İ. (2024). Bazı üzüm çeşitlerinde salkım teşekkül pozisyonlarının belirlenmesiyle göz verimliliğinin saptanması. Turkish Journal of Agricultural and Natural Sciences, 11(2), 417–430. https://doi.org/10.30910/turkjans.1436791
Peppi, M. C., & Kania, E. (2017). Effects of spur or cane pruning on fruit composition of ‘Cabernet Sauvignon’ grapes. Acta Horticulturae, 1157, 17–20. https://doi.org/10.17660/ActaHortic.2017.1157.3
Poni, S., Bernizzoni, F., Presutto, P., & Rebucci, B. (2004). Performance of Croatina under short-cane mechanical hedging: A successful case of adaptation. American Journal of Enology and Viticulture, 55(4), 379–388. https://doi.org/10.5344/ajev.2004.55.4.379
R Core Team. (2013). R: A language and environment for statistical computing [Computer software]. R Foundation for Statistical Computing. https://www.R-project.org/
Reynolds, A. G. (2022). Viticultural and vineyard management practices and their effects on grape and wine quality. In A. G. Reynolds (Ed.), Managing wine quality (2nd ed., Vol. 1, pp. 443–539). Woodhead Publishing. https://doi.org/10.1016/B978-0-08-102067-8.00012-9
Rosner, N., & Cook, J. A. (1983). Effects of differential pruning on Cabernet Sauvignon grapevines. American Journal of Enology and Viticulture, 34(4), 243–248. https://doi.org/10.5344/ajev.1983.34.4.243
Senthilkumar, S., Vijayakumar, R. M., Soorianathasundaram, K., & Devi, D. D. (2015). Effect of pruning severity on vegetative, physiological, yield and quality attributes in grape (Vitis vinifera L.): A review. Current Agriculture Research Journal, 3(1), 42–54. https://doi.org/10.12944/CARJ.3.1.06
Wimmer, M., Workmaster, B. A., & Atucha, A. (2018). Training systems for cold climate interspecific hybrid grape cultivars in northern climate regions. HortTechnology, 28(2), 202–211. https://doi.org/10.21273/HORTTECH03946-17
Yilmaz, T., & Fennell, A. (2021). Spur and short cane pruning influence bud viability, yield, and fruit quality. Proceedings of the South Dakota Academy of Science, 100, 81–91. https://openprairie.sdstate.edu/plant_faculty_pubs/393/

image5.png
Jequinu—Jeisn(o

Jejewelp jooys

busT j00US

JaqwnN jooys

ght

Shoot_Len

.
@
8
S
=
P4
b}
o]
<
(%]

Shoot_diameter
Cluster_number




image1.png
PC2 (24.8%)

5.0

25

o
=)

Bud 3

0.0
PC1 (43.4%)

Applications . Bud 2 . Bud 3

25

50




image2.png
PC2 (24.8%)

5.0

Sergi_karasi

25

0.0

Hatun_parmagi

Victoria

-5.0 -2.5 0.0 25

PC1 (43.4%)

- Hatun_parmag: . Prima . Sergi_karasi D Yalova_incisi
Cultivars
. Horoz_karasi . Razaki D Victoria

Yalova_incisi

Horoz_karasi

5.0




image3.png
5.0

25

0.0

PC2 (24.8%)

-2.5 0.0 25
PC1 (43.4%)

Years . 2014 . 2015 . 2016 . 2017

50




image4.png
Dim2 (24.8%)

Variables - PCA

0.5-

00—--

-0.5-

Shoot_Lenght

Shoot_Number

-1.0-
|

1.0

0.5

0.0
Dim1 (43.4%)

-1.0

cos2

0.80
0.75
0.70
0.65
0.60




