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Abstract 

Numerous studies have documented that climate change will considerably impact 

grapevine phenology. In the 2024 growing season, notable differences emerged 

from the previous five years, between 2019 and 2023. Rising temperatures at the 

beginning of the growth cycle of grapevines began the phenology phases earlier, 

leading to earlier bud burst and flowering for various grape varieties in many 

regions of  Türkiye. This study examines variations in phenological phases across 

different years, using short-term climate data from a weather station in a cv. Sultan 

7 (Vitis vinifera L.) vineyard in Yunusemre, Manisa, Türkiye. The objective of 

the study is to determine the impact of temperature fluctuations ranging from 

January to September on grapevine phenology intervals during critical stages: bud 

burst, full bloom, veraison, and maturity, specifically for between 2019 and 2024. 

Evaluations focused on critical factors, including growth cycle duration, days 

within specific temperature ranges, effective heat summation for the variety, and 

the Winkler Index values. The 2024 growing season recorded the highest 

temperatures in April and June, and bud burst occurred 5 days (2021) to 10 days 

(2019) earlier, while full bloom was determined for 16 days (2019 and 2022) to 

27 days (2021) earlier than in previous years. The findings showed that years 

characterized by earlier flowering, 2024 (day of the year (DOY) 120) and 2022 

(DOY 136), may be associated with earlier harvest. In addition, the Winkler Index 

recorded a highest of 2945.01 growing degree days (GDD) in 2024, with a specific 

effective heat summation value of 2,138.79 GDD for variety in a shorter 

timeframe. The findings suggest that although the intervals between veraison and 

harvest tend to remain almost similar each year, early flowering, the ripening 

period, and elevated temperatures before veraison in the same season can greatly 

contribute to prompting an earlier harvest. 

Keywords: Bloom, Phenology, Heat requirement, Grape, Climate change, 

Vineyard 
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INTRODUCTION 

Many studies from around the globe have underscored the effects of climate change on viticulture. Particularly, 

rising temperatures significantly affect the phenology (Fraga et al., 2012; Munoz-Organero et al., 2022; Cameron 

et al., 2022; Ramos et al., 2023; Parker et al., 2024; Espinosa-Roldán et al., 2024) and physiological responses of 

grapevines (Bartlett and Sinclair, 2021; Arias et al., 2022; Wu et al., 2023), as well as vine yield and grape quality 

(Rogiers et al., 2022; Rafique et al., 2023; Teker 2023; Teker and Soltekin, 2023).  

Previous research indicates that the impact of climate change on grapes and their phenological cycles will differ 

based on location and cultivar (Jones et al., 2012; Arias et al., 2022; Parker et al., 2024). The relationship between 

grapevine phenology and climate variables differs in various phenophases. Moreover, maximum temperatures 

strongly influence early season events, such as bud break and bloom. In contrast, for later season events like 

veraison and harvest, average temperatures, growing degree-days (Winkler Index), and Huglin index values play 

a more significant role (Dalla Marta et al., 2010; Alikadic et al., 2019). On the other hand, rising temperatures 
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have been associated with an advance of 6 to 25 days in the phenological stages of various grape varieties across 

Europe. On average, this shift corresponds to a response of 3 to 6 days for each 1°C increase in temperature 

observed over the past 30 to 50 years (Jones et al., 2005; Jones, 2007). Moreover, a recent study in Italy by Alba 

et al. (2024) indicates that wine regions must adjust to considerably warmer climate conditions, which may impact 

the quality and distinctiveness of the wines produced. 

During the 2024 growing season, many regions worldwide faced record-high temperatures in April. The global 

surface air temperature reached 15.03°C, 0.67°C above the 1991-2020 average and 0.14°C higher than the previous 

April record of 14.89°C set in 2016. In Europe, April 2024 was 1.49°C warmer than the 1991-2020 average, 

marking it the continent's second-warmest April (Copernicus Climate Change Service [CCCS], 2024). Similarly, 

analysis indicates that April and June are the hottest months in Türkiye over the past 53 years. Average 

temperatures increased from 12.3°C in April and 21.8°C in June between 1991 and 2020 to 16.6°C and 25.4°C, 

respectively, in 2024 (TMS, 2024a; 2024b). This phenomenon also impacted various viticultural regions in 

Türkiye during key phases of grapevine growth, particularly at the onset of growth in April and during the berry 

set in June. Consequently, this unusual climatic occurrence is believed to have led to an earlier-than-expected 

harvest time of many varieties in 2024.  

This study examined the changes in phenological phases of the grape variety cv. Sultan 7 (Vitis vinifera L.) 

has been widely cultivated in the Aegean Region in the western part of Türkiye over the past six years (2019-

2024). This study focuses on three main questions: 1) What minimum, average, and maximum temperatures were 

recorded from January to September (from a near-dormant phase to the time of harvest) between 2019 and 2024? 

2) How did the variations between the years impact the grapevine growth cycle and phenological phases? 3) How 

was the variation in effective heat summation, a measure of cumulative growing degree days from budburst to 

harvest for the grape cultivar studied, and how did the temperatures influence the Winkler Index? 

 

MATERIALS AND METHODS 

Study area and plant material 

Temperature data, including minimum, mean, and maximum values, were collected monthly and daily from 

2019 to 2024 from a weather station (iMETOS IMT 280, Pessl Instruments, Weiz, Austria) situated in Yunusemre 

(YE) [38°37′ N, 27°24′ E; Altitude (A): 44 m], which is centrally located in the Manisa province of western 

Türkiye. Due to the unavailability of data for October 2024 from the Yunusemre station, information was obtained 

from the Muradiye station (38°41′ N, 27°22′ E; A: 23 m), located almost 6.37 kilometers away from the YE station. 

Manisa city center generally has a warm-temperate climate, with recent hot and dry summer seasons and limited 

rain (Teker and Altındişli, 2021). However, the average annual temperatures are 16.9 ℃ with 743.6 mm of 

precipitation per year according to the long-term regime from 1930-2023 (TMS, 2024c). As a plant material, cv. 

Sultan 7 (Vitis vinifera L.) cultivar was used to understand the length of the vegetation period and emphasize the 

phenological phase differences between years.  

Determination of phenological stages in cv. Sultan 7 (Vitis vinifera L.)  

To assess the phenological stages of cv. Sultan 7 between 2019 and 2024, the modified Eichhorn & Lorenz 

(EL) system, as outlined by Coombe (1995), was employed. This approach allowed for the precise determination 

of key stages, including bud burst (EL 4), full bloom (EL 26), veraison (EL 35), and harvest (EL 38). The 

vegetation period length was also determined using these terms in each year. 

Seasonal temperature ranges and variations (2019-2024) 

Minimum, mean, and maximum temperatures were recorded daily between 2019 and 2024. The number of 

days with temperatures below 0°C (T°C ≤ 0°C), as well as those within the ranges of 0°C to 5°C, 5°C to 10°C, 

and 10°C to 20°C, specifically during January, February, March, and April was determined. Maximum temperature 

ranges were analyzed, focusing on the number of days with increasing temperatures from April to September. This 

evaluation encompassed the onset of the growth cycle and the period following the harvest. These ranges included 

10℃ to 25℃, 25℃ to 30℃, 30℃ to 35℃, 35℃ to 40℃, and temperatures exceeding 40℃ (where T℃ is greater 

than or equal to 40). April 2024 was included in both evaluations due to its notable differences from the other 

years under consideration. The variations in these temperature ranges across different years were then depicted in 

graphs. 

The determination of heat summation as growing degree days for studied cultivar  

The phenological observation dates established for the cv. Sultan 7 grape variety were utilized to calculate heat 

summation as Growing Degree Days (GDD). Cumulative values of GDD were determined based on the specific 

phenological stages of the variety, which include the periods from bud burst to full bloom, from full bloom to 

veraison, and between veraison and harvest in the vegetation period of grapevines. The cumulative GDD formula 

employed in these calculations is presented in Equation 1. 

 

         (1) 
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Winkler Index (WI) 

The WI was determined as GDD by summing the total degrees of mean daily temperatures exceeding 10°C for 

each day during the vegetation period, which was conducted from April 1 to October 31 across the years 2019 to 

2024 (Winkler, 1974). Differences were revealed between years. The formula utilized for these calculations is 

provided in Equation 2. 

 

                                                                                                           (2) 

 

Statistical analysis and evaluation data  

From January to October, the average, maximum, and minimum temperatures were analyzed monthly using 

statistical methods. The temperature values underwent a Shapiro-Wilk normality test. As a result, differences 

between 2019 and 2024 are presented as monthly comparisons based on a one-way ANOVA test accompanied by 

Tukey's multiple comparison test. Furthermore, the number of days within specific monthly temperature ranges 

was calculated, and these results were presented as raw data. The cumulative GDD values, Winkler Index 

calculations, vegetation period length, and phenological phases for each year were presented as raw data, and the 

differences were represented in a graph. 

 

RESULTS AND DISCUSSION 

Weather conditions of the study area and phenological phases 

This study investigates the reasons behind the earlier grape harvest in Türkiye in 2024 compared to the previous 

five years (2019-2023) and a change driven by rising temperatures, a trend observed in many regions worldwide. 

Furthermore, the study explores the relationship between temperature fluctuations and the phenological changes 

that occur throughout the growing seasons of the relevant years. 

According to the monthly bulletins from the Copernicus Climate Change Service, average temperatures 

recorded in 2024 have set new national and global records compared to values from 1991 to 2020. Notably, 

February, April, and June have experienced unprecedented temperatures (CCCS, 2024). In Türkiye, April and June 

in 2024 have also marked the highest temperatures in the past 53 years (TMS, 2024a; 2024b). Previous research 

has shown a notable advancement in the timing of three critical phenological phases of grapevines: flowering, 

veraison, and maturity (Cameron et al., 2022). Studies suggest that temperature is a key factor driving these 

changes in phenological phases (Bock et al., 2011; Ramos et al., 2023; Parker et al., 2024). As a result, there have 

been significant shifts in the timing of grape harvests compared to previous years, with many regions completing 

their harvests earlier in 2024. 

Assessment of variations in monthly temperatures (2019-2024) 

Figure 1 illustrates the variations in the monthly mean values of minimum, average, and maximum 

temperatures from January to September between 2019 and 2024. Notably, during the months that are crucial for 

the growing season and vegetative development of grapevines, particularly February (Figure 1B), March (Figure 

1C), April (Figure 1D), and June (Figure 1F) in 2024, the average and maximum temperature values, monthly for 

2024 were notably higher than those recorded in the preceding five years. In the western region of Türkiye, 

specifically in Manisa, the elevated average temperatures recorded in March and April were critical in determining 

the beginning of the grapevine growth period, as early as bud burst and flowering time. According to previous 

studies, the temperature values recorded during these months are significant, as they provide critical insights into 

initiating the primary growth cycle and the timing of flowering events (Molitor et al., 2014; García de Cortázar-

Atauri  et al., 2017). These findings, especially for bud burst (EL 4) in 2024, support the understanding that a rapid 

growth period occurs in this location. High temperatures may shorten the grapevine growth cycle between bud 

burst (EL 4) and flowering (EL 26). The highest average maximum temperatures in May over the past six years 

were recorded in 2021. However, May 2020 experienced exceptionally high temperatures that adversely affected 

the berry set (EL 27) of cv. Sultana Seedless and cv. Sultan 7 grapes, with temperatures surpassing 40°C for five 

consecutive days during their flowering period (Teker and Soltekin, 2023). In contrast, May 2024 experienced 

notably lower temperatures compared to previous years. Upon reviewing the May temperature data across multiple 

years, it has become evident that the lowest mean temperatures were observed in May 2023 and May 2024. 

Flowering occurred earlier in 2024 than in previous years; however, low May temperatures following a warm 

April slowed down growth. 

In the summer, the maximum average temperature was recorded as 38.01°C in June 2024. While temperature 

values from previous years were similar, July 2020 reached the maximum temperature at 38.43°C, and August 

2023 experienced a peak of 40.33°C. In 2024, monthly average temperatures reached the highest levels for June, 

July, and August, with values recorded at 29.01°C, 29.99°C, and 29.24°C, respectively, compared to the average 

values between 2019 and 2023 (Figure 1F-H). 
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Analysis of minimum temperatures showed remarkable fluctuations between previous years and 2024 because, 

for January through April, the differences between 2019 and 2024 were mainly due to changes in the day 

distribution of minimum temperatures rather than daily averages (Figure 2A). The years with the highest number 

of days in January recording minimum temperatures below 0°C were 2020 (17 days) and 2022 (14 days). In 

contrast, February exhibited a notable increase in the number of days with temperatures dropping below 0°C, with 

12 days recorded in both 2022 and 2023. In sharp contrast, 2024 experienced a significant decline, reporting only 

2 days below 0°C (Figure 2B). March 2022 had a considerable number of days with temperatures below zero (10 

days) and between 0°C and 5°C (21 days), characterizing it as a particularly cold month because there were no 

days with temperatures ranging from 5°C to 10°C or from 10°C to 20°C (Figure 3C). Furthermore, it was found 

that 2020 (16 and 4 days, respectively) and 2024 (14 and 4 days, respectively) had a similar number of cold days 

during these temperature intervals. Additionally, in April 2024, no recorded day was below 5 °C, and the number 

of days with temperatures between 10 and 20 °C (22 days) was determined to be higher than in previous years, 

2019-2023 (Figure 2D).  

As for maximum temperatures, national official records indicate that April 2024 was the hottest month in the 

past 53 years (TMS, 2024a). This study showed that many days during that month experienced temperatures in the 

ranges of 25°C to 30°C and 30°C to 35°C in 2024 (Figure 3A). However, in 2023 (24 days), as well as in 2019 

(23 days) and 2021 (22 days), there was a significant number of days with temperatures ranging from 10°C to 

25°C. In May 2024, data indicated that the number of days with high temperatures between 25°C and 30°C, as 

well as between 30°C and 35°C, was comparable to the number of such days recorded in May 2023. Additionally, 

in the past six years, it was determined that May temperatures, particularly in 2020, reached levels exceeding 40°C 

(Figure 3B). 

 

 
Figure 1. Monthly average minimum, mean, and maximum temperature data between January and September 

(A-I) from 2019 to 2024. Differences between years are indicated by letters of significance (p≤0.05). ns: non-

significant. 
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During the summer months, particularly in June 2024, there was a significant increase in the number of days 

with temperatures ranging from 35°C to 40°C (24 days) exceeding 40°C (4 days). This trend made June markedly 

hotter in comparison to previous years. Additionally, this observation is substantiated by data indicating that 

temperatures in June reached unprecedented levels across the country, marking the highest recordings in the past 

53 years (TMS, 2024b).  A decrease in hot days was noted in July 2024; however, data showed that the highest 

temperatures exceeding 40°C were recorded in 2020 (11 days) and 2021 (9 days) (Figure 3E). Moreover, an 

analysis of temperature data reveals that August 2024 (7 days) experienced a lower frequency of high-temperature 

days than August 2023 (18 days), characterized by exceptionally intense heatwaves (Figure 3E). 

Winkler Index values of the years  

In April 2024, the WI value started with 283.41 GDD, indicating significantly warmer conditions compared to 

previous years, which recorded values ranging from 143.57 GDD to 199.66 GDD. As illustrated in Figure 1D, the 

average and maximum temperatures in April were higher than in previous years, further supporting this 

observation. Despite the low GDD value observed in previous years, except in 2023, a similar trend emerged in 

June when the GDD value reached 570.29. The maximum temperatures in July 2024 were comparable to those in 

previous years; however, a significant increase was observed in June due to elevated average and minimum 

temperatures (Figure 1G), contributing to a GDD of 620.28 (Figure 4). The WI value in 2024 was notably high 

due to the increased temperatures recorded in April and June during the growing season. The total WI for 2024 

reached 2,945.01 GDD. By contrast, the year with the lowest GDD was 2023, with a total of 2,538.57 GDD (Figure 

4). 

 

 

 
 

Figure 2. Illustration of the number of days with minimum temperatures in the ranges of T°C ≤ 0°C; 0°C - 5°C; 

5°C - 10°C; and 10°C - 20°C from January to April (A-D) for the years 2019 to 2024. 
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Figure 3. Illustration of the number of days with maximum temperatures in the ranges of 10°C - 25°C; 25°C - 

30°C; 30°C - 35°; 35°C - 40°C and 40°C ≤ T°C from April to September (A-F) for the years 2019 to 2024. 

 

 
Figure 4. The graph of the calculation of Winkler Index values by months for 2019-2024. 

 

Vegetation period and growing degree days  

The period of grapevine phenological phases changes by season and is mainly impacted by climate (Fraga et 

al., 2012; Santos et al., 2020; Cameron et al., 2022). This study examined the variations in the length of the growth 

cycle of grapevines (Figure 4) and total effective heat summation values for the selected cultivar cv. Sultan 7 

(Figure 5), providing a knowledge of yearly differences. The vegetation periods for grape variety were pretty much 

the same between 2019 and 2023.  However, the vegetation period in 2024 was shorter than in 2019 and 2023 

(Figure 4). Although the cultivar experienced its longest vegetation period in 2020 and 2023 (248 days), 2024 also 

experienced its shortest vegetation period (228 days).  

There is a noticeable difference in bud burst and flowering timings in 2024 between 2019 and 2023. While bud 

burst varied between 79 and 85 days between the beginning of the year (January 1st) between 2019 and 2023, bud 

burst occurred in 75 days in 2024. Furthermore, while there was a lengthy difference between bud burst and full 
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bloom between 2019 and 2023, which varied between 51 and 67 days, the full bloom was completed on the 120th 

day of the year, 45 days after bud burst, as an early time interval in 2024. Cameron et al. (2022) found that the 

interval from budburst to flowering can be reduced more significantly than the intervals between berry set, 

veraison, and harvest, with a curvilinear relationship between these intervals and maximum temperature. 

Previous research has investigated the interval between flowering and veraison. Malheiro et al. (2013) reported 

the strongest correlation between these two stages across all varieties studied. Additionally, Tomasi et al. (2011) 

noted that this interval exhibited variation, further supporting their conclusions.  

This study determined that the interval between flowering and veraison ranged from 50 days in 2021 to 65 

days in 2024. Remarkably, the difference between flowering and veraison was more significant in 2024, even 

though early flowering occurred that year. In contrast, the longest interval between veraison and harvest was 49 

days, as seen in 2021 and 2023. The period between veraison and harvest also reduced to 41 days in 2022, 43 days 

in 2019, and 2024, and these years also experienced the shortest time from bud burst to full bloom (Figure 5). The 

variations in the durations during these periods have led to differing interpretations. Jones and Davis (2000) 

suggested that there could be a notable reduction in the intervals between flowering and veraison, flowering and 

harvest, veraison and harvest. Similarly, Bock et al. (2011) observed a trend of shortening in the interval between 

flowering and veraison in Franconia, Germany. Another study by Kartschall et al. (2015) reveals that in Germany, 

the acceleration of grapes' phenological development across all major stages may reach 11 ± 3 days, with harvest 

maturity occurring 13 ± 1 day earlier. Likewise, Duchêne et al. (2014) observed that in Alsace, France, 

phenological stages could advance by 8 to 11 days for budburst and by 16 to 24 days for ripening by the end of 

the 21st century. In contrast, Tomasi et al. (2011) did not identify a significant decrease in the intervals between 

flowering and veraison or between flowering and harvest. In addition, it is essential to note that the decisions made 

by viticulturists and winemakers can influence harvest timing (Tomasi et al., 2011; Cameron et al., 2022).  

The analysis of all years in this study demonstrated that early flowering time (the day interval between bud 

burst and full bloom) may be more significant than the interval between flowering and veraison in predicting an 

early harvest date. Furthermore, it was noted that early flowering occurred in 2019, 2022 (DOY 136), and 2024 

(DOY 120), all of which were associated with earlier harvest dates (DOY 240, DOY 236, and DOY 228, 

respectively). 

 

 
Figure 5. Illustration of the growing season length classified by phenological stages for 2019 to 2024. The grey 

line represents the entire dormant season; the yellow line indicates bud burst (EL4); the purple line shows full 

bloom (EL26); the red line marks veraison (EL35); and the blue line depicts harvest time (EL38), starting from 

the beginning of the year (DOY 0). 
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Figure 6. Illustration of the cumulative growing degree days classified by phenological stages of cv. Sultan 7 for 

2019 to 2024. BB (EL4) represents the bud burst; FB indicates full bloom (EL26), V marks veraison (EL35), and 

H depicts harvest time (EL38). 

 

The vegetation periods significantly influenced the effective heat summation of the variety each year (Figure 

6). In 2020 (DOY 142) and 2021 (DOY 147), the late flowering times resulted in notably high effective 

temperature totals between bud burst and full bloom, with 436.02 GDD recorded in 2020 and 499.29 GDD in 

2021. These figures were substantially higher than those observed in other years. Conversely, in the years 2019, 

2023, and 2024, where flowering occurred earlier than in different years, it was observed that the GDD recorded 

between bud burst and full bloom were 285.13, 330.93, and 327.90, respectively. Notably, flowering in 2024 

occurred on the 120th day, 16 days earlier than in 2019 and 2023. This early flowering was attributed to 

significantly high temperatures experienced before flowering in March and April. This study shows that the GDD 

value was higher than in 2019 in the same phenological phases in 2024, and the temperatures were higher in the 

same year (Figure 1). Therefore, the temperatures occurring before flowering in 2024 were relatively high 

compared to those in the last six years. On the other hand, despite a shorter vegetation period in 2024, it generated 

an effective heat summation value similar to 2020 and 2023. The study conducted by Templ et al. (2021) reveals 

a significant negative linear correlation (r = -0.62), indicating that as mean temperatures increase, the intervals 

within the DOY phenophase tend to shorten. This finding also underscores the impact of rising temperatures on 

phenological events. 

 

CONCLUSION 

Temperature distributions during the growing seasons in viticulture significantly influence the timing of 

phenological stages. Furthermore, variations in weather data across different years within a region can lead to 

changes in the monthly phenology of grapevines cultivated in that location. This study evaluates the monthly 

minimum, average, and maximum temperature values recorded over the past six years. It examines the Winkler 

Index and the changes in the vegetation period of the selected cultivar, cv. Sultan 7, and the distribution of these 

changes throughout the years and their respective phenological periods. Besides, the effective heat summation was 

calculated for the selected cultivar. As a result, the temperature data of the location in the last six years was higher 

in March, April, and June of 2024 compared to other years. In 2024, the flowering occurred earlier than in other 

years, and the harvest date was earlier than expected. 

This study showed that an early bud burst and elevated temperatures in April led to a shorter interval between 

bud burst and flowering in the 2024 growing season. According to the Winkler Index calculation, the growing 

degree days value in April 2024 surpassed that of previous years between 2019 and 2023. In addition, June 

temperatures were unusually high, and July minimum temperatures were higher than those recorded in previous 

years. While the period (the number of days) between veraison and harvest has remained almost the same as in 

previous years, the harvest date occurred earlier than expected because both flowering and the beginning of 

veraison were determined earlier in the 2024 growing season.  
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Future studies should focus on short-term weather data in a specific unusual year, combined with 

comprehensive long-term research and potential climate scenarios, to enhance our understanding of recent changes 

in phenological stages due to elevated temperatures. These studies should examine the phenological phases of 

different grape cultivars over the coming years, particularly during warmer seasons and unusual weather events. 

The studies should also analyze these trends across various regions worldwide and compare them with previous 

seasons. 
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