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Abstract

:

The genetic pool of valuable old ornamental cultivars and their in situ maintenance is threated by climate change. Meanwhile, ornamental plants like roses make up an important share of both gardens and urban green spaces, where they are particularly vulnerable to multi-stress growth conditions. The aim of this research was to evaluate the effect of changing climatic conditions on growth and flowering of 11 historic climber roses through long-term studies (2000–2017) conducted in Central Europe. The evaluation of plants consisted of assessment of frost damage and the timing of early phenological stages (starting of bud break, leaf unfolding), as well as gathering data on the beginning, fullness, and end of flowering and its abundance. Frost damage was not observed in any year only in ‘Mme Plantier’ and did not occur for any cultivar after the winter in the years 2007, 2008, and 2014. Only a little damage to one-year shoots was recorded after the winter in the years 2015–2017. Frost damage to ‘Alberic Barbier’, ‘Albertine’, ‘Chaplin’s Pink Climber’, ‘Orange Triumph clg’, and ‘Venusta Pendula’ led to pruning to ground level in every year excluding those listed above. Frost damage of once-blooming roses limited their flowering; however, the many-year datasets showed a trend for decreased frost damage and improved abundance of flowering, and these results can be interpreted as a response to the increase of average air temperature. The timing of bud breaking and leaf development in all climber roses was strictly correlated with average air temperature in the dormancy period. The reactions of climber roses to weather conditions confirmed the influence of climatic changes on ornamental crop plants in Central Europe, introducing the potential possibility for the wider application of climber roses, but without certainty of flowering every year.
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1. Introduction


The genus Rosa belongs to the most diverse ornamental plants with an exceptionally rich selection of cultivars [1,2,3] and has been a significant crop plant in many fields of human life for thousands of years, used for edible, cosmetic, and medicinal purposes [4]. The biodiversity and different origins of groups, cultivars, and varieties of roses cause variation in their cultivation requirements and ornamental features. Most historical once-blooming climber roses originate from species in Asia, bred and grown in habitats of West Europe with mild winters, e.g., Rosa luciae Franch. & Rochebr. (syn. R. wichuraiana Crép.), R. moschata Herrm., and R. multiflora Thunb. [1,2]. However, limited knowledge is available about how climate change will impact the future cultivation, limiting their ornamental value. Meanwhile, ornamental plants make up an important share of both gardens and urban green spaces, where they are particularly vulnerable to multi-stress growth conditions.



Climber roses can vine up on supports without the typical growth habit of trailing, scandent stems, or runners, but they have long flexible shoots with prickles, thanks to which they can climb the supports and fix to them impermanently [1,2]. The spectacularly decorative climbing roses are planted traditionally in parks as well as narrow streets with limited space for greenery, e.g., courtyards, squares, estate greenery, and café gardens, where the vertical surface is especially important and developable [2,5]. However, most research focuses on trees, which are especially valuable to cities because of climate change [6], rather than on old ornamental plants of minor practical use. However, shrubs and vines, including roses, should be used in places where there is not enough space for the optimal growth of trees [7] as well as in particularly representative locations, cramped and congested old towns, and historical gardens [2,5,8].



Ornamental plants are important especially for urban greenery and amateur home gardens [5,8,9]. Places located in large cities tend to warm faster than non-urbanized areas due to the heat island effect [10]. When it comes to changes in phenology stages, the influence of temperature, light, and precipitation seem to be stronger factors than the effects of gas pollution [11].



Research about the phenology of both wild and cultivated plants is important for biology as well as meteorological, agricultural, and botanical sciences [12,13,14,15]. Changes in plant phenology are a considerable biological effect in nature, affecting a lot of taxa in various geographical regions [14,15,16,17,18,19,20]. They are caused by climatic features [12,14,15,18,20,21] and influence, e.g., the life cycle of pollinators and herbivores [18,22] and bud dormancy [20]. Climate changes also affect the phenology or changeability of seasonal biological events of trees [23]. These changes in phenology are more consistent and clearer in direction and magnitude in spring compared to summer and autumn [16,18,24,25,26]. It is predicted that numerous species will no longer be able to exist in their current sites due to lack of tolerance to environmental changes, e.g., air temperature, water stress, competition with other plant species, and the presence of herbivores, as a result of climatic changes [27,28]. Similar problems concern cultivated plants, where changes in climate as well as extreme weather and climate events adversely affect crop production and plant cultivation [14,15,29]. Most research concerns crop plants and their productivity but not the conservation of old ornamental plants and their genetic pool. This problem raises particular concerns because of climatic changes. The evaluation of the evolutionary potential of phenological events with climate change has significance for understanding of the environmental cues and agro-ecosystem processes [30]. On the other hand, many plants may be found as sufficiently heterogeneous to evolve and adapt, and potentially will profit from higher temperatures and longer growing seasons [19].



Botanical gardens have conducted standard long-term phenological observations of many plant taxa in collections of native and alien plants, limiting the factors affecting the results [10]. Climate factors (temperature, precipitation, light) seem to be less ambiguous agents in affecting the phenology of plants than factors such as gas pollution [11].



The conducted research is significant for biodiversity maintenance of cultivated ornamental plants and broadening knowledge about their use. Because of high breeding progress, old cultivars are significantly inactive, leading to so-called genetic erosion, which has resulted in the current narrow range in the gene pool [31,32,33,34]. The intensive search for, and introduction of, new ornamental plants [9,35] deepens problems with maintaining genotypes of valuable old cultivars and brings with it the possibility of introducing other new invasive species [36,37].



More than 1000 taxa were collected in the National Collection of Rose Cultivars in the Polish Academy of Sciences Botanical Garden—Center for Biological Diversity Conservation in Powsin. Among them, more than 200 taxa of different origins are historical roses that were known and cultivated before the year 1945. The chosen cultivars were observed in relation to their winter hardiness, growth and flowering, and ornamental value [8,38,39,40,41,42,43,44,45]. Maintaining plant collections, including crops and ornamentals, is an important task for botanical gardens, due to the need to preserve biodiversity [10].



Most research focuses on wild species and crop plants, and the ornamental cultivars are rather overlooked. The aim of this research was to analyze 11 historical cultivars of once-blooming climber roses across a long-term period in relation to changing climate conditions in Mazovia, Central Europe, focusing on their ornamental values related to chosen phenology phases. Their response in selected phenological events and their interrelationship were observed. An assessment of their frost resistance, growth and flowering, and ornamental value could encourage the proper selection of cultivars for specific places. Additionally, this research could contribute to the maintenance of biodiversity of the genetic pool of old garden roses and help implement the provisions of the Convention on Biological Diversity (CBD) drawn up in Rio de Janeiro on 5 June 1992. The aim of this research was also to evaluate climber rose cultivars over a period of time (2000 to 2017) to better understand the effect of a regional climate change.




2. Materials and Methods


2.1. Plant Material


Eleven historical cultivars of once-blooming climber roses derived from various species and growing in the National Collection of Rose Cultivars of the Polish Academy of Sciences Botanical Garden—Center for Biological Diversity Conservation in Powsin were chosen for observation in the period of 2000–2017 (Table 1). These cultivars are distinguished by their high decorative value [1,2,8] and are commercially available.



All the cultivars were budded on rootstocks (Rosa canina L.) and planted as one-year shrubs in optimal spacing and cultivation conditions. The height of supports is given in Table 1. The shrubs were cared for according to standard cultivation methods for roses [1,2]. The pruning took place twice a year, every spring and summer after flowering. The shrubs were fertilized with mineral fertilizer with nutrients and micronutrients ‘Azofoska’ (4–6 kg/m2, Grupa Inco S.A., Wspólna, Poland) after spring pruning. The bedding was not watered, excluding the first year after planting the shrubs. Every late autumn, the bases of shrubs were hilled up with bark (20–30 cm). The shrubs were sprayed against pests and fungal diseases three times per year: in May, July, and October according to the plant protection program in force.




2.2. Evaluation of Climber Rose


The climber roses were evaluated from the year of planting to the end of 2017 (Table 1).



The degree of frost damage was noted every spring according to a 0–7 point valuation scale developed in the Botanical Garden for rose research [38,39,40,41,42,43,44,45], as shown below:




	-

	
0—plants without frost damage;




	-

	
1—buds develop, but darkened vascular bundles on stem cross-section;




	-

	
2—buds on stem are frost damaged;




	-

	
3—the tips of one-year-old shoot are frosted;




	-

	
4—one-year-old shoots overall are frosted or solely their base living;




	-

	
5—two-year-old and older shoots are frosted;




	-

	
6—all the shoots are frosted to the ground surface;




	-

	
7—shrubs are frosted, without young shoots.









The chosen phenological stages were recorded according to the basic principles of the BBCH (Biologische Bundesortenamt, CHemische Industrie) scale [13,46] after winter dormancy or the resting period (BBCH scale 00) from the beginning of bud breaking to flowering, according to chosen points of the BBCH scale described for cultivated roses [12]. Moreover, because only two characteristic early initial stages in phenology development were selected (07 and 11), the following time intervals were determined and used to present the results of observations:




	-

	
07—starting of bud break, first leaf tips appears, were compiled into decades, i.e., MI—1–10 March; MII—11–20 March; MIII—21–31 March; AI—1–10 April; AII—11–20 April; AIII—21–30 April;




	-

	
11—the first light green and/or bronze leaves pair develops, not yet at full size, were compiled into decades, i.e., MI—1–10 March; MII—11–20 March; MIII—21–31 March; AI—1–10 April; AII—11–20 April; AIII—21–30 April; M—after 30 April);




	-

	
60,601—start of flowering (ca. 10% opened flowers);




	-

	
63,605—full of flowering (≥50% opened flowers);




	-

	
69,609—end of flowering (after all petals shedding) (Figure 1 and Figure 2).









Evaluation of the phenological stages BBCH 07 and 11 was conducted on the middle part of one-year shoots before spring pruning. When the shoots were strong but frost damaged the live part of the shoots, they were used for evaluation.



The timing of the beginning of flowering stages (Figure 2) is presented in the Results Section for days starting from the 25 May.



Flowering abundance was evaluated every year in the period of 2000–2017, according to a 0–5 point scale used in the Botanical Garden for rose research [38,39,40,41,42,43,44,45], where:




	-

	
0—plants fail to bloom;




	-

	
1—a few poor inflorescences on shoot;




	-

	
2—≤5 inflorescences on 1 m of shoot, weak flowering;




	-

	
3—3–10 flowers in inflorescences, average flowering;




	-

	
4—>5 inflorescences on 1 m of shoot, abundant and long flowering;




	-

	
5—abundant and long flowering, the inflorescences densely placed on the plant (Figure 2).









The height of the plants was noted in spring after pruning and at the end of the vegetation season (last days of October). However, the height of plants is not equal to the length of their shoots and also depends on the height of supports, as noted in Table 1.




2.3. Statistical Analysis


Analysis of variance (one-way ANOVA), and Duncan’s Honest Significant Difference test (HSD) were performed to set up the significance of differences among cultivars and years of observations for the means (p ≤ 0.05) obtained for frost damage, bud break (BBCH 07), leaf development (BBCH 11), the date of the start, and its abundance of flowering [46]. Each plant was treated as a repetition (Table 1) [47]. The STATISTICA 10 (StatSoft, Cracow, Poland) software was used.



Additionally, correlation analyses were performed to examine:




	-

	
The interconnections of frost damage, bud break (BBCH 07), leaf development (BBCH 11), the date of the start of flowering (BBCH 60 601), and its abundance. Pearson’s correlation coefficient (SPSS software, IBM Statistics) was used for all the cultivars separately.




	-

	
The association between average monthly temperature and frost damage, bud break (BBCH 07), leaf development (BBCH 11), the date of the start of flowering (BBCH 60 601), and its abundance for each month from October to April, and all months together for selected seasons (2005/2006, 2009/2010, 2015/2016) with a long and frosty autumn–winter–spring period (STATISTICA 10 software, StatSoft, Cracow, Poland).




	-

	
The correlations between minimum air temperature throughout the month and frost damage [46] (STATISTICA 10 software, StatSoft, Cracow, Poland).









The correlation analysis was performed for each variety separately.




2.4. Assessment of Weather Conditions in Polish Academy of Sciences Botanical Garden—Center for Biological Diversity Conservation in Powsin in View of Elements of Climate Change in Poland


The Polish Academy of Sciences Botanical Garden—Center for Biological Diversity Conservation in Powsin is located on the outskirts of Warsaw (Poland, 52.6° N, 20.5 °E) in the Middle Vistula mesoregion. The area was separated from the Warsaw Plain by a high fluvial terrace at the border of a post-glacial plateau [48]. Warsaw, together with the Mazovia region, lies in USDA hardiness zone 6B (minimal average temperatures −20.6 to −17.8 °C) [49].



The increase of temperature is clearly visible when observing the long-term average. For this purpose, data measured between 1973 and 2017 in the Warsaw-Okęcie meteorological station, 10 km from PAS Botanical Garden, were provided. The linear trend with R-square values of linear regression [47] was conducted for average, maximal, and minimal monthly temperatures in the years 1973–2017, which expose the climate warming of the region; the data are presented in Figure 2a. The minimal, maximal, and average air temperature has risen by an estimated ca 1.5 °C over the past 44 years (Figure 3a). The climatic changes manifested by the increase of average air temperature were smaller in PAS Botanical Garden CBDC in Powsin (R2 = 0.1028) (Figure 4).



The increase of temperature is connected with a longer growing season in autumn [50]. As Krużel et al. [50] inform, in the years 2001–2009, the growing season in Poland was extended by eight days, wherein it was longer in the northwest (231–335) and shorter in the east (196–200). The growing season in the years 1981–2010 (216–220 days) was three days longer than in 1971–2000 in Warsaw, Poland [50]. Additionally, the date of the last spring frost noted for six meteorological stations in Poland was reported to be statistically significant earlier from 1.6 to 3.5 days per decade in the years 1961–2020, noted as consecutive days of the year. However, the last spring frost occurred 7–14 days earlier in the years 1991–2020 [51]. Although the climate warming is connected with the decreasing the total number of frost days per year and also causes an extension of the growing season, the number of the days with a minimum temperature <0 °C in many areas in Northern Hemisphere at latitudes greater than 30° N has increased [52].



Additionally, the precipitation measured in Warsaw-Okęcie meteorological station using polynomial trend line estimation with R-square values of multiple regression [49] is shown in Figure 2b. The course of precipitation in the years 2000–2017, based on measurements carried out in the PAS Botanical Garden CBDC, is designated in Figure 4. However, a tendency for an increase in the sum of precipitation was observed in both stations in recent years (Figure 3b and Figure 5). A disadvantageous phenomenon was observed in the sum of precipitation in early spring (March, April) and late autumn (October, November) in the Botanical Garden (Figure 5a). Long-lasting high snow cover occurred in the seasons of 2009/2010, 2010/2011, and 2011/2012.



Adverse weather conditions were observed in the Botanical Garden from October to April of some seasons, e.g., 2002/2003 and 2005/2006 (Figure 5a, Supplementary Figure S1). The lowest minimal temperatures were measured in January (2003: −22.0 °C, 2009: −22.5 °C, 2010: −25.0 °C, 2013: −15.1 °C, 2014: −17.0 °C, and 2016: −18.4 °C), February (2011: −18.1 °C, and 2012: −26.0 °C) and March (2013: −14.2 °C) (Figure 3, Figure 4 and Figure 5). The course of weather conditions in the autumn–winter–spring period was also adverse, with, e.g., a sudden increase of temperature in spring (2003, 2013, 2016), a decrease of 24-hour temperature below zero in the last days of December or in January (2002, 2009, 2010, 2012, and 2014), low minimum temperatures at the end of February or in March (2005/2006, 2011/2012, and 2013/2014), high amplitudes of 24-hour temperature occurring for a period of a few days in winter (2002/2003, 2014/2015, and 2015/2016) and in April (2010–2016), and prolonged frost periods (2002/2003, 2005/2006, 2011/2012, and 2012/2013) followed by fast spring warming (2010, 2012, 2013, 2014, and 2017) (Supplementary Figure S1).





3. Results


3.1. Growth of Plants


The growth of plants was uneven in subsequent vegetation seasons and often did not reach the maximum height provided by the support (Table 1, Figure 6). The necessity of low spring pruning of frozen shoots after frosty winters limited the roses’ height in the current season and delayed the possible height of most rose cultivars, e.g., ‘Chaplin’s Pink climber’, ‘Orange Triumph’, and ‘Paul’s Scarlet Climber’, whose low-cut 4–9-year-old plants nevertheless grew taller than 2–4-year-old ‘Zéphirine Drouhin’ plants. The rose plants of all cultivars, regardless of age, reached their maximum in the years 2014–2017 with an early spring, long summer and autumn, and mild winter. The climber roses reached their maximum height 3 years after planting (‘Alberic Barbier’, ‘Albertine’, ‘Chaplin’s Pink Climber’, ‘Dr Robert Huey’, ‘Duc de Constantin’, ‘Orange Triumph clg’, and ‘Venusta Pendula’) or a few years later (‘Chaplin’s Pink Climber’, ‘Dr Robert Huey’ ‘Gerbe Rose’, ‘Mme Plantier’, ‘Paul Scarlet Climber’, and ‘Zéphirine Drouhin’) (Figure 6).



The necessity of pruning the shoots after severe winters contributed to their limited growth and height by the end of the year (Figure 6). It was observed that in the years 2014, 2015, 2016, and 2017, with an early spring, long autumn, and simultaneously mild winter (Figure 3), and therefore a long growing season, the shrubs were 50–100 cm taller than before, regardless of their age (Figure 6).




3.2. Frost Damage in Climber Roses


The frost damage varied in scale for different years and cultivars; however, none of the plants suffered complete frost damage (no signs of regeneration) (Table 2). ‘Mme Plantier’ was the only cultivar without frost damage in any year. Low frost damage in all remaining cultivars of climbers was observed after the mild winter seasons of 2006/2007, 2007/2008, and 2013/2014. Short-term (1–2 day) drops in minimal temperature exceeding −20 °C (2002/2003, 2005/2006, 2009/2010, 2010/2011, and 2011/2012) or a few days of long-term minimal temperature not exceeding −20 °C (2012/2013) caused significant frost damage (5–6 points). In the seasons from 2014/2015 to 2016/2017, minimal temperatures below −20 °C were not recorded, and the frost damage in shrubs was evaluated at 1–3 points and was limited to darkened vascular bundles on shoots or dying one-year shoot tips (Table 2).



Considering all the years of observation, low frost resistance was typical for ‘Dr Robert Huey’ and ‘Duc de Constantin’ in contrast to ‘Alberic Barbier’, ‘Albertine’, ‘Chaplin’s Pink Climber’, ‘Orange Triumph clg’, and ‘Venusta Pendula’ (Table 2). The frost damage to ‘Alberic Barbier’, ‘Albertine’, ‘Chaplin’s Pink Climber’, ‘Orange Triumph clg’, and ‘Venusta Pendula’ after the winter seasons 2000–2006 and 2009–2013 resulted in shoots completely dying out to the ground level, darkened vascular bundles on shoots, or darkening buds. The buds that began growth on damaged shoots in March and April died out in May. The shoots were damaged to the ground surface (5 and 6 points on the scale) and the shrubs were pruned low. ‘Dr Robert Huey’, ‘Duc de Constantin’, ‘Gerbe Rose’, and ‘Paul’s Scarlet Climber’ also required strong pruning after the winter season in 2000–2006 and 2009–2013 (Table 2, Figure 6).



Correlation analysis of the climber roses for frost damage showed a strict relationship between average monthly temperature and values of frost damage in all cultivars. The decreasing of average temperature in October, January, and February correlated with an increase of frost damage in 8 out of 11 cultivars (‘Alberic Barbier’, ‘Albertine’, ‘Chaplin’s Pink Climber’, ‘Gerbe Rose’, ‘Orange Triumph clg’, ‘Paul’s Scarlet Climber’, ‘Venusta Pendula’, and ‘Zephirine Drouhin’) (Table 3) with a high tendency to frost damage (Table 2), while the decreasing of average temperature in November, January, February, and March had the same effect on the remaining three cultivars (‘Mme Plantier’, ‘Duc de Constantin’, and ‘Dr Robert de Huey’) (Table 3) with a lower tendency to frost damage (Table 2). Increased average temperatures in December and April also correlated with an increase in frost damage in ‘Mme Plantier’, ‘Duc de Constantin’, and ‘Dr Robert de Huey’. Decreasing the average air temperature in the following month caused higher frost damage (Table 3), but a decrease of the low minimum temperature was significant only in December and March (Table 4).




3.3. Early Phenological Stages and Growth of Climber Roses


The date of early phenological stages—bud breaking and leaf development—varied from year to year depending on the temperature range in winter and spring as well as on the cultivar (Table 5, Table 6, Table 7 and Table 8).



The start of bud break, when the first leaf tips were visible (BBCH 07), occurred from the first days of March to the last days of April. It occurred first in ‘Orange Triumph clg’, ‘Gerbe Rose’, ‘Mme Plantier’, ‘Dr Robert Huey’, and ‘Venusta Pendula’. Bud break was observed last in ‘Alberic Barbier’, ‘Albertine’, ‘Chaplin’s Pink Clim.’, and ‘Zéphirine Drouhin’ (Table 5).



For most cultivars, the first two leaves were developed (BBCH 11) 10–20 days later each year from the end of March to the first days of May. Leaves were first to unfold in ‘Gerbe Rose’, ‘Mme Plantier’, ‘Dr Robert Huey’, ‘Orange Triumph clg’, ‘Paul Scarlet Climber’, and ‘Venusta Pendula’. The cultivars observed to unfold leaves the last were ‘Alberic Barbier’, ‘Albertine’, and ‘Duc de Constantin’ (Table 6).



The correlation analysis of the climber roses for the timing of bud break and leaf unfolding showed a strict relationship with the average temperature in winter and early spring months in all cultivars (Table 7 and Table 8). The increase of average temperature in March and its decrease in April were correlated with a later date of leaf unfolding in ‘Venusta Pendula’ and ‘Zéphirine Drouhin’, in contrary to the decrease of average temperature in March and its increase in April in ‘Chaplin’s Pink Climber’, ‘Duc de Constantin’, and ‘Mme Plantier’, which inhibited the leaves’ unfolding (Table 7).




3.4. Flowering of Climber Roses


The first abundant flowering in once-blooming climber roses appeared 3–4 years after planting. The flowerings of climber roses were limited, or plants did not bloom (Table 9 and Table 10) in years after severe winters (Table 2 and Supplementary Figure S1), when the shoots were shortened to the ground or almost to it (frost damage 5–6 in scale), especially in 1–3-year-old plants (Figure 6).



The flowering began a few days later in years that followed severe winter and necessary low pruning, and a few days earlier in years after mild winter and early spring. An early start of flowering characterized ‘Gerbe Rose’, ‘Venusta Pendula’, and ‘Zéphirine Drouhin’, while ‘Chaplin’s Pink Climber’ and ‘Orange Trimph clg’ began to flower later. However, the flowering period elongated a few days after severe winter and shorter in years after mild winter—2006, 2010, 2015, and 2016 (Figure 7).



Correlation analysis of the climber roses for the period of flowering showed a strict relationship with the average temperature in winter (January, February) for all cultivars excluding ‘Albertine’. The decrease (‘Gerbe Rose’, ‘Orange Triumph clg’, ‘Paul’s Scarlet Climber’, and ‘Zéphirine Drouhin’) or increase (‘Chaplin’s Pink Climber’, ‘Duc de Constantin’, ‘Dr Robert Huey’, and ‘Venusta Pendula’) of the average temperature in January and February were correlated with a later period of flowering. The increase in average temperature in November and March and its decrease in December and April showed a correlation with later flowering in ‘Albertine’ (Table 10).




3.5. The Association of Frost Damage, Early Phenology Stages, and Abundance of Flowering


Correlation analysis conducted for all cultivars taken together showed strict connections between valued parameters. Delayed bud break, leaf development, beginning of flowering, and a decrease of flower abundance were correlated with stronger frost damage. The plants that were late to break buds and fold leaves started flowering later and exhibited lower abundance (Table 11).



The correlations for each cultivar taken separately were variable. Increased frost damage was correlated with delayed bud break and leaf development as well as decreased abundance of flowering in all cultivars excluding ‘Mme Plantier’. Delayed bud break correlated with late leaf development in all cultivars, excluding ‘Alberic Barbier’, and with late beginning of flowering in all cultivars excluding ‘Dr Robert Huey’ and ‘Mme Plantier’. Decreasing abundance of flowering was correlated with delayed bud breaking in all cultivars and with delayed leaf development in ‘Alberic Barbier’, ‘Alberine’, ‘Chaplin’s Pink Climber’, ‘Gerbe Rose’, ‘Mme Plantier’, ‘Orange Triumph’, ‘Venusta Pendula’, and ‘Zéphirine Drouhin’ (Table 12 and Table 13).





4. Discussion


Phenological observations of plants are useful for the examination of climate change, but cultivated ornamentals are rarely taken into consideration. The most interesting features are frost damage, flowering abundance, and the timing of flowering.



The most important factors limiting the cultivation of plants are frost resistance [38,41] and the ability to grow in changeable climate [25,45,53].



A significant additional criterion for the use of species as ornamental plants is their ornamental potential and value [54]. The basic value of climber roses is growth and flowering abundance in present and following seasons [45,55,56]. Most taxa of historical climber roses flower on one-year-old and older shoots [1,2,38], which could limit their ornamental value in adverse climatic conditions during which rose shoots freeze. The once-blooming climber rose cultivars presented in this research flower on 2-year-old and older shoots, and their ornamental value is limited particularly by frost damage.



This research showed that autumn–winter–spring conditions determined their overwintering and consequently the frost damage to shoots (Table 3 and Table 4, Figure 5) as well as the necessary height of pruning (Figure 6). Frost damage has a dominant role not only in terms of the period of flowering and its abundance, but also on the period of bud break and leaf development (Table 11, Table 12 and Table 13). The observation in Poland showed the lengthening of the growing season by a few days [50]. However, as indicated the research of [52], the number of the days with minimum temperature below 0 °C may increase. This suggests that earlier terms of early phenological events (starting of bud break, leaf unfolding) in roses could lead, in the future, to shoot damage by spring frost causing a lack of flowering or low abundance.



The studied varieties originated in Asia and were grown in a warmer climate with milder winters [1,2], which suggests insufficient resistance to negative temperature. The many years of observation of growth and flowering of chosen groups of rose cultivars were conducted in the PAS Botanical Garden CBDC in Powsin [38,39,40,41,42,43,44]. The climber roses observed in this research had different responses to winter conditions depending on their origin. ‘Mme Plantier’ did not experience frost damage every year, unlike most varieties of the Alba group, e.g., ‘Celestial’, ‘Hurdals’, and ‘Maiden’s Blush’ [38]; the Gallica group [44]; or the Spinosissima group, e.g., ‘Aïcha’, ‘Elegans’, ‘Frühlingsduft’, ‘Frühlingsgold’, ‘Poppius’, and ‘Stanwell Perpetual’ [40]; as well as most old and modern cultivars of Rugosa-Hybrids, e.g., ‘Agnes’, ‘Belle Poitevine’, ‘F.J. Grootendorst’, ‘Frau Dagmar Hastrup’, and ‘Rugeaux du Japon’ [42,43] that were observed in the same climate conditions in PAS Botanical Garden CBDC in Powsin. Strong frost damage after winter was observed in cultivars of Hybrid Wichurana: ‘Alberic Barbier’, ‘Albertine’, ‘Chaplin’s Pink Climber’, ‘Orange Triumph clg’, and ‘Zéphirine Drouhin’ (Table 3). Their winter hardiness can be compared with ground cover roses, but they bloom continuously throughout the season and also in spring, quickly regenerating frosted shoots [39,41]. Older plants experienced lower frost damage than the younger plants, which was also visible in their level of abundance of flowering (Table 9, Table 10, Table 11, Table 12 and Table 13). The abundance of flowering was always lower on the scale after substantial winter damage and the necessity of strong pruning (Figure 6). In the case of repeat-flowering rose cultivars, ornamental value depended on regenerative abilities after frost damage and also on the height to which pruning was necessary [39,41]. In once-flowering roses, the shoots were damaged to the ground surface (Table 5), and low pruned shrubs did not flower, or there were only a few flowers on old parts of the shoots of ‘Dr Robert Huey’, ‘Duc de Constantin’, ‘Gerbe Rose’, and ‘Paul’s Scarlet Climber’ after winter seasons between 2000–2006 and 2009–2013 (Table 2). Moreover, the length of the flowering period in several rose climber (‘Albertine’, ‘Gerbe Rose’, ‘Mme Plantier’, ‘Orange Triumph’, and ‘Paul’s Scarlet Climber’) tended to shorten between 2015 and 2017 compared to the pre-2015 period. Such a response may support the hypothesis [57] that climate warming may cause significant reduction of the length of flowering period in plants. The term of the beginning of blooming seems to be less sensitive to climate warming [57].



However, complete frost damage (without signs of regeneration) was not recorded, and the rose plants pruned to the ground grew intensively until autumn (Figure 6). Woody plants of the temperate zone can survive the winter thanks to bud dormancy and cold hardiness [20,58], a process which could be disrupted by climate changes, as in the case of Vitis [20,59]. Winter hardiness can be connected with the prolongation of the growing season [50] as well as hardening and dehardening [20], because the decrease of low minimum temperature was only correlated with higher frost damage in December and March (Table 4). Low temperatures in April caused increased frost damage in ‘Albertine’, ‘Chaplin’s Pink Climber’, and ‘Zéphirine Drouhin’. In contrast, the frost damage increased for more frost resistant climbers (‘Dr Robert Huey, ‘Duc de Constantin’, and ‘Mme Plantier’) when the temperature decreased in March and then rapidly increased in April (Figure 4, Table 3). Moreover, low rainfall in late autumn and early spring (Figure 5) can exacerbate frost damage of green, primarily one-year-old shoots due to the phenomenon of physiological drought [60].



Climate warming, accompanied by temporal amendments in average temperature and other variables, exerts an effect on phenology [25,61] by influencing temperature values [53] and photoperiods [62]. Previous research in Vaccinum membranaceum showed that greater advances in phenology are likely to be in northern and higher altitude regions of North America [63]. Spring phenology stages, such as leaf unfolding and blooming, have been shown to mainly advance, some by a few weeks, with median increase of 4–5 days per degree Celsius. Autumn traits, e.g., leaf coloring or leaf drop, have typically become delayed, though with more changeability than spring events. Amendments in terms of summer phenological stages have been stirred [18]. These results were similarly confirmed by Zheng [26] in nine woody species where the start dates of spring and summer phenophases occurred earlier with time, while the beginning of autumn and winter phenology stages were delayed. The terms of flowering depend on weather conditions, such as chilling and heating, in early blooming almonds [64]. In this research, bud break (BBCH 07) in climber roses occurred earlier every next year except after frosty winters, when it would take place later. Bud break and leaf development (BBCH 11) in climber rose cultivars showed strict correlations with average monthly temperature in the autumn–winter–spring period in all cultivars (Table 4 and Table 5), but they were also different depending on the origin of the cultivar (Table 5 and Table 6). Similar relations between weather conditions and origin were observed in other groups of roses, e.g., the Spinosissima group [40], Rugosa-Hybrids [42,43], Gallica-Hybrids [44], and rambler roses [45]. This relationship was especially relevant to the first phenological stages: bud breaking and leaf development (BBCH 07 and 11) and the period of initial flowering (BBCH 60 601) (Table 5, Table 6 and Table 9). It was also observed gene expression and identified gene candidates connected with the processes of dormancy and flowering in flower buds of almond cultivars (Prunus dulcis (Mill.) D.A. Webb). The information of this research can be used by the breeding programs of new cultivars by a climate change in temperate regions [59].



The Rosaceae fruit trees like apricot are flowering earlier than roses. However, the research on apricot in the UK showed that blooming time was associated with changes in air temperature during effective chilling and warming periods in spring, with warming interval chilling caused the blooming delays by 4.82 d °C−1, while warming during heat accumulation was connected with flowering advances by 9.85 d °C−1. However, the apricot blooming term remained relatively unaltered notwithstanding a significant temperature rise. It may mean a decrease of frost risk for early spring blooming crops, e.g., apricot [65]. Similar phenomena for early phenological stages were observed in roses. The timing of leaf unfolding in climber roses was similar in the following years, but in the years 2014–2016, this phenological stage appeared earlier by one or two points in the scale. Both a longer growing season and higher total monthly temperature in March can result in earlier flowering (Table 9). The changing timings of flowering in the years 2000–2012 in ground cover, Rugosa Hybrid, Gallica Hybrid, and Spinosissima roses in PAS Botanical Garden were similar [38,40,41,42,44]. Nonetheless, in the research of Włodarczyk and Perzanowska [55] on repeat-flowering climbing roses conducted across three years of observations (2004–2006), high temperatures (above 20 °C) in 2006 caused the flowering period to shorten. Moreover, the break between the first and the fallowed flowering in the season sustained longer than in previous years [55]. In the research of Włodarczyk [56], 10 cultivars of repeat-flowering modern shrub roses began to flower no later than in the first 10 days of June in the years 2005–2010, irrespective of the frost damage of shoots in winter. In this research, the timing of blooming in climber roses differed by a few days from timings shown after three different autumn–winter–spring seasons (Table 9).



The height of shrubs was determined to a large extent by supports, and the plants’ maximum height was measured in autumn. The climbers reached their maximal height after 3–5 years (Table 2), in contrast to the ground cover roses, where the shrubs reached their maximum height after two years of growth [39]. The climber can grow higher in warmer parts of Europe, where it also flowers reliably every year thanks to mild winters [1,2]. Additionally, the observed historical rambler [40,45] and climber are characterized by strong vigor and growth (Figure 6) compared with modern cultivars [55]. There is only perfunctory information in the literature related to phenology as well as the timing or duration of the flowering period of old rose cultivars. It should be considered that in the long period of observations the weather conditions were variable (Figure 3, Figure 4 and Figure 5 and Supplementary Figure S1), and this may be the primary reason behind the high changeability in terms of phenology stages shown in this research.




5. Conclusions


Resistance to changing climate conditions is a basic criterion of choosing rose taxa, and long-term observations suggest wide adaptability to the changing climate in the Mazovian Lowland. Recent milder winters in the Mazovian Lowland encourage the cultivation of less frost-hardy plants, including climber roses. The increase of air temperature during the autumn–winter–spring period in the last few years of observations (2013–2017) showed lower frost damage and higher abundance of flowering than in previous years (2000–2006 and 2009–2013). The air temperature in October and November likewise had an effect on frost damage and was probably connected with their hardening. Strong frost damage necessitated low pruning; however, the roses regenerated quickly. Nevertheless, despite the plants’ growth, this treatment did interfere with blooming in the year of pruning. The research also showed changes in the observed early phenology stages: bud breaking and leaf development and their strict connections with autumn–winter–spring conditions. However, the climber roses probably have a natural ability to adapt in warming climate because of their origin (Table 1) and the tradition of cultivation for many years in Western and Southern Europe.



Climber roses are a valuable proposal for the available assortment of vines and preserving their biodiversity and genetic pool as historical ornamental plants may be becoming easier. Their maintenance in cultivation is connected with adaptation to changing climate conditions. The research confirmed that these roses can be successfully cultivated in Central Europe, although they may prove unreliable in terms of flowering after frosty winters. The cultivars most tolerant to adverse climatic conditions and reliable in flowering were ‘Mme Plantier’ and ‘Paul Scarlet Climber’. Probably, they will be also be the most tolerant in changing and warming climate conditions including urban areas.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/app12094259/s1, Figure S1: The minimal (purple line), average 24-hour (black line), and maximal (green line) air temperature from October to April for the seasons: (a) 2002/2003, (b) 2005/2006, and (c) 2009/2010; (d) 2010/2011, (e) 2011/2012, and (f) 2012/2013; (g) 2013/2014, (h) 2014/2015, and (i) 2015/2016 (Monder, 2021).





Funding


The APC is financed by Wroclaw University of Environmental and Life Sciences. The research was realized as statutory activity of PAS Botanical Garden CBDC in Powsin and as a part of National Plant Genetic Conservation Program, Task 1.3. Collection, preservation of collections ex situ, cryopreservation and characterization, evaluation, documentation, and sharing of genetic resources and information in the field of vegetable, fruit, and ornamental plants, and providing pollen and related wild species (2015–2020).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The author declares no conflict of interest. The author also confirms that funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Krüssmann, G. Rosen Rosen Rosen. Unser Wissen über die Rose; Verlag Paul Parey: Berlin/Hamburg, Germany, 1974. [Google Scholar]

	



Gustavsson, L.-Å. Rosen Leksikon; Rosinante: Copenhagen, Denmark, 1999; p. 138. [Google Scholar]

	



Smulders, M.J.M.; Arens, P.; Bourk, P.M.; Debener, T.; Linde, M.; Riek, J.; Leu LRuttink, T.; Baudino, S.; Saint-Oyant, L.H.; Clotault, J.; et al. In the name of the rose: A roadmap for rose research in the genome era. Hortic. Res. 2019, 6, 65. [Google Scholar] [CrossRef]

	



Market Research Report. Rose Oil Market Size, Share and Trends Analysis Report by Application (Fragrance and Cosmetics, Pharmaceuticals, Food and Beverages), by Product (Organic, Conventional), and Segment Forecasts, 2019–2025. Report ID:GVR-3-68038-655-4. 2019. Available online: https://www.grandviewresearch.com/industry-analysis/rose-oil-market (accessed on 20 December 2020).

	



Marczyński, S.Z. Clematis i Inne Pnącza Ogrodowe; MULTICO Oficyna Wydawnicza: Warsaw, Poland, 2011. [Google Scholar]

	



Ziter, C.D.; Pedersen, E.J.; Kucharik, C.J.; Turner, M.G. Scale-dependent interactions between tree canopy cover and impervious surfaces reduce daytime urban heat during summer. Proc. Natl. Acad. Sci. USA 2019, 116, 7575–7580. [Google Scholar] [CrossRef]

	



Rosłon-Szeryńska, E.; Łukaszkiewicz, J.; Fortuna-Antoszkiewicz, B. The possibility of predicting the collision of trees with construction investments. E3S Web Conf. 2018, 45, 00076. [Google Scholar] [CrossRef]

	



Monder, M.J. The historical shrub roses in urban green areas. Ann. WULS Hortic. Landsc. Archit. 2018, 39, 37–48. [Google Scholar] [CrossRef]

	



Marosz, A. Introducing new species and cultivars according to climate, demographic and economic changes in Poland—horticultural view. Infrastruct. Ecol. Rural. Areas 2015, 3, 797–807. [Google Scholar]

	



Primack, R.B. The role of botanical gardens in climate change research. New Phytol. 2009, 182, 303–313. [Google Scholar] [CrossRef]

	



Cleland, E.E.; Chiariello, N.R.; Loarie, S.R.; Mooney, H.A.; Field, C.B. Diverse responses of phenology to global changes in a grassland ecosystem. Proc. Natl. Acad. Sci. USA 2006, 103, 13740–13744. [Google Scholar] [CrossRef]

	



Meier, U.; Bleiholder, H.; Brumme, H.; Bruns, E.; Mehring, B.; Proll, T.; Wiegand, J. Phenological growth stages of roses (Rosa sp.): Codification and description according tot he BBCH scale. Ann. Appl. Biol. 2009, 154, 231–238. [Google Scholar] [CrossRef]

	



Meier, U. Growth stages of plants—Entwicklungsstadien von Pflanzen—Estadios de las plantas—Développement des Plantes. In BBCH-Monograph; Blackwell Wissenschaftsverlag: Berlin, Germany; Wien, Austria, 1997. [Google Scholar]

	



EPA Climate Impacts on Agriculture and Food Supply. 2017. Available online: https://19january2017snapshot.epa.gov/climate-impacts/climate-impacts-agriculture-and-food-supply_.html (accessed on 21 January 2021).

	



CAP Specific Objective: Agriculture and Climate Mitigation. 2019. Available online: https://ec.europa.eu/info/sites/info/files/food-farming-fisheries/key_policies/documents/cap-specific-objectives-brief-4-agriculture-and-climate-mitigation_en.pdf (accessed on 21 January 2021).

	



Walther, G.R.; Post, E.; Convey, P.; Menzel, A.; Parmesan, C.; Beebee, T.J.C.; Fromentin, J.M.; Hoegh-Guldberg, O.; Bairlein, F. Ecological responses to recent climate change. Nature 2002, 416, 389–395. [Google Scholar] [CrossRef]

	



Pihlajaniemi, H.; Siuruainen, M.; Rautio, P.; Laine, K.; Peteri, S.-L.; Huttunen, S. Field evaluation of phenology and success of hardy, micro-propagated old shrub roses in northern Finland. Acta Agric. Scand. Sect. B Soil Plant Sci. 2005, 55, 275–286. [Google Scholar] [CrossRef]

	



Bertin, R.I. Plant phenology and distribution in relation to recent climate change. J. Torrey Bot. Soc. 2008, 135, 126–146. [Google Scholar] [CrossRef]

	



Crawford, R.M.M. Cold climate plants in a warmer world. Plant Ecol. Divers. 2008, 1, 285–297. [Google Scholar] [CrossRef]

	



Kovaleski, A.P.; Reisch, B.I.; Londo, J.P. Deacclimation kinetics as quantitative phenotype for delineating the dormancy transition and thermal efficiency for budbreak in Vitis species. AoB Plants 2018, 10, ply066. [Google Scholar] [CrossRef] [PubMed]

	



Bakkenes, M.; Alkemade, J.R.M.; Ihle, F.; Leemans, R.; Latour, J.B. Assessing effects of forecasted climate change on the diversity and distribution of European higher plants for 2050. Global Chang. Biol. 2002, 8, 390–407. [Google Scholar] [CrossRef]

	



Rodriguez-Pérez, J.; Traveset, A. Effects of flowering phenology and synchrony on the reproductive success of a long-flowering shrub. AoB Plants 2016, 8, Plw007. [Google Scholar] [CrossRef]

	



Chen, L.; Huang, J.-G.; Ma, Q.; Hänninen, H.; Tremblay, F.; Bergeron, Y. Long-term changes in the impacts of global warming on leaf phenology of four temperate tree species. Global Chang. Biol. 2019, 25, 997–1004. [Google Scholar] [CrossRef]

	



Gordo, O.; Sanz, J.J. Impact of climate change on plant phenology in Mediterranean ecosystems. Global Chang. Biol. 2010, 16, 1082–1106. [Google Scholar] [CrossRef]

	



Jabłońska, K.; Kwiatkowska-Falińska, A.; Czernecki, B.; Wawelender, J.P. Changes in spring and summer phenology in Poland—Responses of selected plant species to air temperature variations. Pol. J. Ecol. 2015, 63, 311–319. [Google Scholar] [CrossRef]

	



Zheng, F.; Tao, Z.; Liu, Y.; Xu, Y.; Dai, J.; Ge, Q. Variation of main phenophases in phenological calendar in East China and their response to climate change. Adv. Meteorol. 2016, 2016, 9546380. [Google Scholar] [CrossRef]

	



Ibanez, I.; Clark, J.S.; Dietze, M.C.; Feeley, K.; Hersh, M.; LaDeau, S.; McBride, A.; Welch, N.E.; Wolosin, M.S. Predicting biodiversity change: Outside the climate envelope, beyond the species-area curve. Ecology 2006, 87, 1896–1906. [Google Scholar] [CrossRef]

	



Morin, X.; Augspurger, C.; Chuine, I. Process-based modeling of species’ distributions: What limits temperate tree species’ range boundaries? Ecology 2007, 88, 2280–2291. [Google Scholar] [CrossRef] [PubMed]

	



Chadalavada, K.; Kumari, B.D.R.; Kumar, T.S. Sorghum mitigates climate variability and change on crop yield and quality. Planta 2021, 253, 113. [Google Scholar] [CrossRef] [PubMed]

	



Gauzere, J.; Lucasa, C.; Ronce, O.; Davi, H.; Chuine, I. Sensitivity analysis of tree phenology models reveals increasing sensitivityof their predictions to winter chilling temperature and photoperiod withwarming climate. Ecol. Model. 2019, 411, 108805. [Google Scholar] [CrossRef]

	



Hawkes, J.G. The importance of genetic resources in plant breeding. Biol. J. Linn. Soc. 1991, 3, 3–10. [Google Scholar] [CrossRef]

	



Kramer, A.T.; Havens, K. Plant conservation genetics in changing word. Trends Plant Sci. 2009, 14, 599–607. [Google Scholar] [CrossRef]

	



van de Wouw, M.; Kik Ch van Hintum, T.; van Treuren, R.; Visser, B. Genetic erosion in crops: Concept, research results and challenges. Plant Genet. Resour. 2009, 8, 1–15. [Google Scholar] [CrossRef]

	



Bansal, K.C.; Lenka, S.K.; Mondal, T.K. Genomic resources for breeding crops with enhanced abiotic stress tolerance. Plant Breed. 2014, 133, 1–11. [Google Scholar] [CrossRef]

	



Zykova, V.K.; Plugatar, Y.u.V.; Zubkova, N.V.; Klimenko, Z.K.; Plugatar, S.A.; Ulanovskaya, I.V. Introduction of new species for extension of the period of decorative effect of flower collections. Acta Hortic. 2020, 1288, 215–218. [Google Scholar] [CrossRef]

	



Knight, T.M.; Havens, K.; Vitt, P. Will the use of less fecund cultivars reduce the invasiveness of perennial plants? BioScience 2011, 61, 816–822. [Google Scholar] [CrossRef]

	



Hulme, P.E.; Brundu, G.; Carboni, M.; Dehnen-Schmutz, K.; Dullinger, S.; Early, R.; Essl, F.; González-Moreno, P.; Groom, Q.J.; Kueffer, C.; et al. Integrating invasive species policies across ornamental horticulture supply chains to prevent plant invasions. J. Appl. Ecol. 2018, 55, 92–98. [Google Scholar] [CrossRef]

	



Monder, M.J. Zasoby genowe i ocena wybranych odmian róż historycznych w kolekcji Ogrodu Botanicznego CZRB PAN. Zesz. Probl. Postępów Nauk. Rol. 2007, 517, 487–494. [Google Scholar]

	



Monder, M.J. Ocena wzrostu i kwitnienia 10 wybranych odmian róż z grupy okrywowych. Zesz. Probl. Postępów Nauk. Rol. 2008, 525, 261–269. [Google Scholar]

	



Monder, M.J. Evaluation of growth and flowering of cultivars derived from the Pimpinellifolia (Rosa pimpinellifolia L.) growing in the Collection of Rose Cultivars in the Botanical Garden of the PAS in Powsin. J. Fruit Ornam. Plant Res. 2011, 19, 195–207. [Google Scholar]

	



Monder, M.J. Evaluation of growth and flowering of 15 modern ground cover cultivars of roses growing in the Collection of Rose Cultivars in the Polish Academy of Science’s Botanical Garden in Powsin. Acta Hortic. 2012, 953, 85–90. [Google Scholar] [CrossRef]

	



Monder, M.J. Evaluation of growth and flowering of cultivars derived from the Rugosa (Rosa rugosa Thunb.) growing in the National Collection of Rose Cultivars in the Polish Academy of Sciences Botanical Garden in Powsin. Part I. The historical cultivars. Acta Agrobot. 2012, 65, 109–116. [Google Scholar] [CrossRef]

	



Monder, M.J. Evaluation of growth and flowering of cultivars derived from the Rugosa (Rosa rugosa Thunb.) growing in the National Collection of Rose Cultivars in the Polish Academy of Sciences Botanical Garden in Powsin. Part II. The modern cultivars. Acta Agrobot. 2012, 65, 117–124. [Google Scholar] [CrossRef]

	



Monder, M.J. Evaluation of growth and flowering of historical cultivars of Rosa gallica L. growing in the National Collection of Rose Cultivars in the Polish Academy of Science Botanical Garden in Powsin. Acta Agrobot. 2014, 67, 39–52. [Google Scholar] [CrossRef]

	



Monder, M.J. Response of Rambler Roses to Changing Climate Conditions in Urbanized Areas of the European Lowlands. Plants 2021, 10, 457. [Google Scholar] [CrossRef]

	



Bleiholder, H.; Weber, E.; Feller, C.; Hess, M.; Wicke, H.; Meier, U.; Boom, T.; Lancashire, B.D.; Buhr, L.; Hack, H.; et al. Growth stages of mono-and dicotyledonous plants. In BBCH Monographs; Blackwell Wissenschafts: Berlin, Germany, 2001. [Google Scholar]

	



Wójcik, A.R.; Laudański, Z. Planowanie i Wnioskowanie Statystyczne w Doświadczalnictwie; PWN: Warszawa, Poland, 1989. [Google Scholar]

	



Sudnik-Wójcikowska, B. Flora miasta Warszawy i jej przemiany w ciągu XIX i XX wieku. In Część I; Wydawnictwo Uniwersytetu Warszawskiego: Warszawa, Poland, 1987. [Google Scholar]

	



Plant Map. Poland Plant Hardiness Zone Map 2020. Available online: https://www.plantmaps.com/interactive-poland-plant-hardiness-zone-map-celsius.php (accessed on 3 October 2020).

	



Krużel, J.; Ziernicka-Wojtaszek, A.; Borek, Ł.; Ostrowski, K. Zmiany czasu trwania meteorologicznego okresu wegetacyjnego w Polsce w latach 1971–2000 oraz 1981–2010. Ecol. Eng. 2015, 44, 47–52. [Google Scholar]

	



Graczyk, D.; Szwed, M. Changes in the occurence of late spring frost in Poland. Agronomy 2020, 10, 1835. [Google Scholar] [CrossRef]

	



Liu, Q.; Piao, S.; Janssens, I.A.; Fu, Y.; Peng, S.; Lian, X.; Ciais, P.; Myneni, R.B.; Peñuelas, J.; Wang, T. Extension of the growing season increases vegetation exposure to frost. Nat. Commun. 2018, 9, 426. [Google Scholar] [CrossRef] [PubMed]

	



Vitasse, Y.; François, C.; Delpierre, N.; Dufrêne, E.; Kremer, A.; Chuine, I.; Delzon, S. Assessing the effects of climate change on the phenology of European temperate trees. Agric. For. Meteorol. 2011, 151, 969–980. [Google Scholar] [CrossRef]

	



Niemiera, A.X.; Holle, B. Invasive Plant Species and the Ornamental Horticulture Industry. In Management of Invasive Weeds; Drake, J.A., Ed.; Springer: Delhi, India, 2009. [Google Scholar]

	



Włodarczyk, Z.; Perzanowska, A. Decorative values of selected cultivars of climbing roses (Rosa L.) with regard to thermal conditions. Acta Agrobot. 2007, 60, 135–142. [Google Scholar] [CrossRef]

	



Włodarczyk, Z. Przebieg i obfitość kwitnienia wybranych odmian róż parkowych (Rosa L.) z uwzględnieniem warunków termicznych i wilgotnościowych. Zesz. Probl. Postępów Nauk. Rol. 2011, 568, 137–147. [Google Scholar]

	



Satake, A.; Kawagoe, T.; Saburi, Y.; Chiba, Y.; Sakurai, G.; Kudoh, H. Forecasting flowering phenology under climate warming by modelling the regulatory dynamics of flowering-time genes. Nat. Commun. 2013, 4, 2303. [Google Scholar] [CrossRef]

	



Lang, G.A.; Early, J.D.; Martin, A.J.; Darnell, R. Endodormancy, paradormancy, and ecodormancy—physiological terminology and classification for dormancy research. HortScience 1987, 22, 371–377. [Google Scholar]

	



Prudencio, A.S.; Hoeberichts, F.A.; Dicenta, F.; Martínez-Gómez, P.; Sánchez-Pérez, P. Identification of early and late flowering time candidate genes in endodormant and ecodormant almond flower buds. Tree Physiol. 2020, 41, 589–605. [Google Scholar] [CrossRef]

	



Novák, V. Physiological drought—How to quantify it? In Bioclimatology and Natural Hazards; Strelcova, K., Matyas, C., Kleidon, A., Lapin, M., Matejka, F., ·Škvarenina, J., Holecy, J., Eds.; Springer Science & Business Media: Berlin/Heidelberg, Germany, 2009. [Google Scholar] [CrossRef]

	



Wolf, A.A.; Zavaleta, E.S.; Selmants, P.C. Flowering phenology shifts in response to biodiversity loss. Proc. Natl. Acad. Sci. USA 2017, 114, 3463–3468. [Google Scholar] [CrossRef]

	



Way, D.A.; Montgomery, R.A. Photoperiod constraints on tree phenology, performance and migration in a warming world. Plant Cell Environ. 2015, 38, 1725–1736. [Google Scholar] [CrossRef]

	



Prevéy, J.S.; Parker, L.E.; Harrington, C.A.; Lamb, C.T.; Proctord, M.F. Climate change shifts in habitat suitability and phenology of huckleberry (Vaccinium membranaceum). Agric. For. Meteorol. 2020, 280, 107803. [Google Scholar] [CrossRef]

	



Sánchez-Pérez, R.; Dicenta, F.; Martínez-Gómez, P. Inheritance of chilling and heat requirements for flowering in almond and QTL analysis. Tree Genet. Genomes 2012, 8, 379–389. [Google Scholar] [CrossRef]

	



Martínez-Lüscher, J.; Hadleyb, P.; Ordidgeb, M.; Xuc, X.; Luedeling, E. Delayed chilling appears to counteract flowering advances of apricot southern UK. Agric. For. Meteorol. 2017, 237, 209–218. [Google Scholar] [CrossRef]








[image: Applsci 12 04259 g001 550] 





Figure 1. The chosen phenology stages on a scale 0–5 in climber roses, where: (a) BBCH 07—starting of bud break, first leaf tips appears; (b) BBCH 11—the first light green and/or bronze leaves pair develops, not yet at full size; (c) BBCH 60,601—start of flowering (about 10% of flowers open); (d) BBCH 63,605—full of flowering (at least 50% of flowers open); (e) BBCH 69,609—end of flowering (after all petals shedding). 
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Figure 2. The abundance of flowering on a scale 0–5 in climber roses, where: (a) 0—plants fail to bloom; (b) 1—a few poor inflorescences on shoot; (c) 2—<5 inflorescences on 1 m of shoot, weak flowering; (d) 3—with 3–10 flowers in inflorescences, average flowering; (e) 4—>5 inflorescences on 1 m of shoot, abundant and long flowering; (f) 5—abundant and long flowering, the inflorescences densely placed on the plant. 
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Figure 3. (a) The means of monthly temperatures (average, minimal, and maximal) and (b) precipitation in the years 1973–2017 noted at the Warsaw-Okęcie meteorological station (within 10 km from PAS Botanical Garden) with the (a) linear or (b) polynomial trend line (adapted with permission from Ref. [45] 2021, MDPI). 
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Figure 4. The means of monthly and yearly air temperatures (°C) in the years 2000–2017, measured in the PAS Botanical Garden CBDC in Powsin, and the linear trend line of increase of the average yearly temperature in this period (adapted with permission from Ref. [45] 2021, MDPI). 
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Figure 5. (a) The sum of monthly precipitation (adapted with permission from Ref. [45] 2021, MDPI) and (b) means for years (mm) in the years 2000–2017, measured in the PAS Botanical Garden CBDC in Powsin, with the trend lines. 
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Figure 6. The height (cm) of climber roses after spring pruning and at the end of October in the following years. 
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Figure 7. The beginning of flowering (BBCH 60,601), full flowering (BBCH 63,605), and its end (BBCH 69,609) in climber roses in the years 2000–2017. The numbers on the Y-ray indicate fallowed days where the first day starts at the 25 May. Different letters marked significant differences between cultivars, in respect Duncan’s test (α = 0.05). 
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Table 1. The climber roses selected for research and grown in the Polish Academy of Sciences Botanical Garden CBDC in Powsin and their origin [1,3].






Table 1. The climber roses selected for research and grown in the Polish Academy of Sciences Botanical Garden CBDC in Powsin and their origin [1,3].





	Cultivar
	Breeder/Introduction
	Group
	Number of Shrubs
	Year of Planting
	Height of Support (m)





	‘Albéric Barbier’
	Barbier Frères and Compagnie, France 1900
	Hybrid Wichurana
	3
	2009
	2.4



	‘Albertine’
	Barbier Frères and Compagnie, France before 1921
	Hybrid Wichurana
	3
	2002
	2.0



	‘Chaplin’s Pink Climber’
	Chaplin Bros., Ltd., United Kingdom 1928
	Hybrid Wichurana
	3
	1999
	2.4



	‘Dr Robert Huey’
	George C. Thomas, USA 1914
	Hybrid Wichurana
	7
	1998
	no



	‘Duc de Constantin’
	Soupert and Notting, Luxembourg 1857
	Ayrshire/H. Multiflora/H. Sempervirens
	3
	2009
	2.0



	‘Gerbe Rose’
	Frédéric Fauque, France 1904
	H. Wichurana
	8
	2004
	2.0



	‘Mme Plantier’
	Plantier, France 1835
	Alba/Noisette/H. Moschata
	5
	2002
	no



	‘Orange Triumph cl.’
	Mathias Leenders, Netherlands 1945
	Polyantha/H. Multiflora
	3
	2003
	2.0



	‘Paul’s Scarlet Climber’
	William Paul and Son, United Kingdom 1915
	H. Wichurana/H. Multiflora
	3
	1998
	2.0



	‘Venusta Pendula’
	Unknown, before 1873
	Ayrshire/H. Arvensis
	3
	2008
	2.0



	‘Zéphirine Drouhin’
	Bizot, France 1868
	Bourbon/H. Pendulina
	4
	1998
	2.0
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Table 2. Frost damage of climber roses evaluated in valuation scale. where: 0—undamaged plants; 1—darkened vascular bundles on shoots, but buds still develop; 2—frost-damaged leaf buds; 3—frost-damaged one-year-old shoot tips; 4—frost-damaged one-year-old shoots or only their living bases; 5—frost-damaged 2-year-old and older shoots; 6—frost-damaged shoots to the ground level; 7—complete plant frost damage (no signs of regeneration).






Table 2. Frost damage of climber roses evaluated in valuation scale. where: 0—undamaged plants; 1—darkened vascular bundles on shoots, but buds still develop; 2—frost-damaged leaf buds; 3—frost-damaged one-year-old shoot tips; 4—frost-damaged one-year-old shoots or only their living bases; 5—frost-damaged 2-year-old and older shoots; 6—frost-damaged shoots to the ground level; 7—complete plant frost damage (no signs of regeneration).





	
Cultivar

	
Year

	
Duncan’s Test




	
2000

	
2001

	
2002

	
2003

	
2004

	
2005

	
2006

	
2007

	
2008

	
2009

	
2010

	
2011

	
2012

	
2013

	
2014

	
2015

	
2016

	
2017






	
‘Alberic Barbier’

	
−

	
−

	
−

	
−

	
−

	
−

	
−

	
−

	
−

	
−

	
6

	
6

	
6

	
6

	
2

	
3

	
3

	
2

	
de




	
‘Albertine’

	
−

	
−

	
−

	
6

	
6

	
6

	
5

	
0

	
0

	
6

	
6

	
6

	
6

	
6

	
0

	
3

	
2

	
2

	
cde




	
‘Chaplin’s Pink Clim.’

	
6

	
6

	
6

	
6

	
6

	
6

	
6

	
0

	
0

	
6

	
6

	
6

	
6

	
6

	
1

	
3

	
2

	
2

	
e




	
‘Dr Robert Huey’

	
3

	
2

	
2

	
5

	
5

	
5

	
3

	
0

	
0

	
3

	
3

	
3

	
3

	
3

	
0

	
2

	
2

	
2

	
bc




	
‘Duc de Constantin’

	
−

	
−

	
−

	
−

	
−

	
−

	
−

	
−

	
−

	
−

	
3

	
3

	
3

	
3

	
0

	
3

	
3

	
3

	
b




	
‘Gerbe Rose’

	
−

	
−

	
−

	
−

	
−

	
5

	
5

	
0

	
0

	
5

	
5

	
5

	
5

	
5

	
0

	
3

	
1

	
1

	
bcd




	
‘Mme Plantier’

	
−

	
−

	
−

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
a




	
‘Orange Triumph clg’

	
−

	
−

	
−

	
−

	
6

	
6

	
6

	
0

	
0

	
6

	
6

	
6

	
6

	
6

	
1

	
3

	
3

	
3

	
cde




	
‘Paul Scarlet Climber’

	
4

	
5

	
5

	
5

	
5

	
5

	
5

	
0

	
0

	
5

	
5

	
5

	
5

	
5

	
0

	
3

	
3

	
3

	
b–e




	
‘Venusta Pendula’

	
−

	
−

	
−

	
−

	
−

	
−

	
−

	
−

	
−

	
5

	
6

	
6

	
6

	
6

	
0

	
3

	
2

	
2

	
cde




	
‘Zéphirine Drouhin’

	
4

	
4

	
4

	
6

	
6

	
4

	
5

	
0

	
0

	
6

	
6

	
5

	
5

	
6

	
0

	
3

	
3

	
3

	
b–e




	
Duncan’s test

	
cde

	
cde

	
cde

	
de

	
e

	
e

	
de

	
a

	
a

	
e

	
e

	
e

	
e

	
e

	
ab

	
bcd

	
bc

	
bc

	








Note: Means with the same letter are not significantly different between cultivars (vertically) and years (horizontally) at p ≤ 0.05 in Duncan’s range test.
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Table 3. The effect of correlations between frost damage of climber roses and average monthly air temperature (2005/2006, 2009/2010, and 2015/2016).






Table 3. The effect of correlations between frost damage of climber roses and average monthly air temperature (2005/2006, 2009/2010, and 2015/2016).





	
Cultivar

	
SD

	
Month




	
October

	
November

	
December

	
January

	
February

	
March

	
April






	
‘Alberic Barbier’

	
1.15

	
0.763 **1

	
ns 2

	
ns

	
0.998 ***

	
0.981 ***

	
ns

	
ns




	
‘Albertine’

	
0.58

	
−0.941 ***

	
0.809 **

	
−0.992 ***

	
ns

	
ns

	
0.999 ***

	
−0.914 ***




	
‘Chaplin’s P. Clim.’

	
1.00

	
−0.984 ***

	
ns

	
−0.797 **

	
−0.859 **

	
−0.751 **

	
0.840 **

	
−0.589 *




	
‘Dr Robert Huey’

	
0.58

	
ns

	
−0.914 ***

	
0.604 *

	
−0.512 *

	
−0.660 **

	
−0.543 *

	
0.808 **




	
‘Duc de Constantin’

	
1.15

	
ns

	
−0.914 ***

	
0.604 *

	
−0.512 *

	
−0.660 **

	
−0.543 *

	
0.808 **




	
‘Gerbe Rose’

	
0.58

	
−0.763 **

	
ns

	
ns

	
−0.998 ***

	
−0.981 ***

	
ns

	
ns




	
‘Mme Plantier’

	
0.58

	
ns

	
−0.914 ***

	
0.604 **

	
−0.512 *

	
−0.660 **

	
−0.543 *

	
0.808 **




	
‘Orange Triumph clg’

	
1.73

	
−0.763 **

	
ns

	
ns

	
−0.998 ***

	
−0.981 ***

	
ns

	
ns




	
‘Paul Scarlet Clim.’

	
1.15

	
−0.763 **

	
ns

	
ns

	
−0.998 ***

	
−0.981 ***

	
ns

	
ns




	
‘Venusta Pendula’

	
1.73

	
−0.763 **

	
ns

	
ns

	
−0.998 ***

	
−0.981 ***

	
ns

	
ns




	
‘Zéphirine Drouhin’

	
1.00

	
−0.984 ***

	
ns

	
−0.797 **

	
−0.859 **

	
−0.751 **

	
0.840 **

	
−0.589 *








Note: 1 The correlations are significant at p < 0.05, marked: * 0.500–0.599—restrained; ** 0.600–0.899—high; *** >0.9—very high. 2 ns—not significant.
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Table 4. The effect of correlations between frost damage of climber roses and minimum monthly air temperatures (2005/2006, 2009/2010, 2015/2016).
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Cultivar

	
SD

	
Month




	
October

	
November

	
December

	
January

	
February

	
March

	
April






	
‘Alberic Barbier’

	
2.66

	
ns

	
ns

	
−0.554 *1

	
ns 2

	
ns

	
−0.644 **

	
ns




	
‘Albertine’

	
2.63

	
ns

	
ns

	
−0.521 *

	
ns

	
ns

	
−0.633 **

	
ns




	
‘Chaplin’s P. Clim.’

	
2.69

	
ns

	
ns

	
−0.515 *

	
ns

	
ns

	
−0.667 **

	
ns




	
‘Dr Robert Huey’

	
1.75

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns




	
‘Duc de Constantin’

	
1.93

	
ns

	
ns

	
−0.500 *

	
ns

	
ns

	
ns

	
ns




	
‘Gerbe Rose’

	
2.27

	
ns

	
ns

	
−0.527 *

	
ns

	
ns

	
−0.725 **

	
ns




	
‘Mme Plantier’

	
1.57

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns




	
‘Orange Triumph clg’

	
2.74

	
ns

	
ns

	
−0.522 *

	
ns

	
ns

	
−0.734 **

	
ns




	
‘Paul Scarlet Clim.’

	
2.17

	
ns

	
ns

	
−0.520 *

	
ns

	
ns

	
−0.730 **

	
ns




	
‘Venusta Pendula’

	
2.68

	
ns

	
ns

	
−0.544 *

	
ns

	
ns

	
−0.696 **

	
ns




	
‘Zéphirine Drouhin’

	
2.36

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns








Note: 1 The correlations are significant at p < 0.05, marked: * 0.500–0.599—restrained; ** 0.600–0.899—high; 2 ns—not significant.
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Table 5. Time frame when starting of bud break and first leaf tips appear [BBCH 07] on unpruned shoots in climber roses; where: MI—1–10 March; MII—11–20 March; MIII—21–31 March; AI—1–10 April; AII—11–20 April; AIII—21–30 April.






Table 5. Time frame when starting of bud break and first leaf tips appear [BBCH 07] on unpruned shoots in climber roses; where: MI—1–10 March; MII—11–20 March; MIII—21–31 March; AI—1–10 April; AII—11–20 April; AIII—21–30 April.





	
Cultivar

	
Year

	
Duncan’s Test




	
2000

	
2001

	
2002

	
2003

	
2004

	
2005

	
2006

	
2007

	
2008

	
2009

	
2010

	
2011

	
2012

	
2013

	
2014

	
2015

	
2016

	
2017






	
‘Alberic Barbier’

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
AIII

	
AIII

	
AIII

	
AIII

	
AIII

	
AII

	
AII

	
AII

	
a




	
‘Albertine’

	
-

	
-

	
-

	
AIII

	
AIII

	
AII

	
AII

	
MIII

	
AIII

	
AIII

	
SL

	
AIII

	
AIII

	
AIII

	
AII

	
AII

	
AII

	
AII

	
ab




	
‘Chaplin’s Pink Clim.’

	
MA

	
MA

	
MA

	
MA

	
MA

	
MA

	
AII

	
MIII

	
AIII

	
AIII

	
MII

	
AIII

	
AIII

	
AIII

	
MII

	
MIII

	
MIII

	
MIII

	
abc




	
‘Dr Robert Huey’

	
AII

	
AII

	
AII

	
AII

	
AII

	
MA

	
SE

	
MII

	
AII

	
AII

	
AII

	
AII

	
AII

	
AIII

	
AII

	
MII

	
MII

	
MII

	
cde




	
‘Duc de Constantin’

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
MIII

	
AII

	
AII

	
AIII

	
MIII

	
AII

	
AII

	
AII

	
bcd




	
‘Gerbe Rose’

	
-

	
-

	
-

	
-

	
-

	
AII

	
AII

	
MII

	
MIII

	
AII

	
MIII

	
AII

	
AII

	
AIII

	
MIII

	
MII

	
MII

	
MII

	
de




	
‘Mme Plantier’

	
-

	
-

	
-

	
AII

	
AII

	
AII

	
AII

	
MI

	
AIII

	
AI

	
MII

	
AI

	
AI

	
AIII

	
MII

	
AII

	
AII

	
AII

	
cde




	
‘Orange Triumph clg’

	
-

	
-

	
-

	
-

	
MIII

	
MIII

	
MIII

	
MIII

	
MIII

	
AIII

	
MII

	
AIII

	
AIII

	
AIII

	
MIII

	
MII

	
MII

	
MII

	
e




	
‘Paul Scarlet Climber’

	
SL

	
AIII

	
AIII

	
AIII

	
MIII

	
MIII

	
MIII

	
MIII

	
MIII

	
AIII

	
AI

	
AIII

	
AIII

	
AIII

	
AI

	
MI

	
MI

	
MI

	
bcd




	
‘Venusta Pendula’

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
AII

	
AII

	
AIII

	
AIII

	
AIII

	
AII

	
MII

	
MII

	
MII

	
cde




	
‘Zéphirine Drouhin’

	
AIII

	
AIII

	
AIII

	
AIII

	
AII

	
AIII

	
AII

	
MII

	
AIII

	
AIII

	
AII

	
AIII

	
AIII

	
AIII

	
AII

	
MI

	
MI

	
MI

	
abc




	
Duncan’s test

	
abc

	
abc

	
abc

	
abc

	
abc

	
abc

	
bc

	
d

	
abc

	
d

	
cd

	
ab

	
ab

	
a

	
cd

	
d

	
d

	
d

	








Note: Means with the same letter are not significantly different between cultivars (vertically) and years (horizontally) at p ≤ 0.05 in Duncan’s range test.
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Table 6. Time frame when the first light green and/or bronze leaves pair develops, not yet at full size (BBCH 11) on unpruned shoots of climber roses; where MI—1–10 March; MII—11–20 March; MIII—21–31 March; AI—1–10 April; AII—11–20 April; AIII—21–30 April; M—after 30 April.






Table 6. Time frame when the first light green and/or bronze leaves pair develops, not yet at full size (BBCH 11) on unpruned shoots of climber roses; where MI—1–10 March; MII—11–20 March; MIII—21–31 March; AI—1–10 April; AII—11–20 April; AIII—21–30 April; M—after 30 April.





	
Cultivar

	
Year

	
Duncan’s Test




	
2000

	
2001

	
2002

	
2003

	
2004

	
2005

	
2006

	
2007

	
2008

	
2009

	
2010

	
2011

	
2012

	
2013

	
2014

	
2015

	
2016

	
2017






	
‘Alberic Barbier’

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
MA

	
MA

	
MA

	
MA

	
AII

	
MA

	
MA

	
MA

	
a




	
‘Albertine’

	
-

	
-

	
-

	
MA

	
MA

	
AIII

	
AIII

	
AI

	
MA

	
MA

	
AIII

	
MA

	
MA

	
MA

	
AII

	
MA

	
MA

	
MA

	
ab




	
‘Chaplin’s Pink Clim.’

	
MA

	
MA

	
MA

	
MA

	
MA

	
AIII

	
AIII

	
AI

	
MA

	
MA

	
MIII

	
MA

	
MA

	
MA

	
AII

	
AII

	
AII

	
AII

	
a–e




	
‘Dr Robert Huey’

	
AIII

	
AIII

	
AIII

	
AIII

	
AIII

	
AIII

	
AIII

	
MIII

	
AIII

	
MA

	
AIII

	
AIII

	
AIII

	
MA

	
AII

	
AII

	
AII

	
AII

	
de




	
‘Duc de Constantin’

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
AII

	
AIII

	
AIII

	
MA

	
AIII

	
MA

	
MA

	
MA

	
abc




	
‘Gerbe Rose’

	
-

	
-

	
-

	
-

	
-

	
AIII

	
AIII

	
MIII

	
MA

	
MA

	
MA

	
AIII

	
AIII

	
MA

	
AII

	
AII

	
AII

	
AII

	
e




	
‘Mme Plantier’

	
-

	
-

	
-

	
AIII

	
AIII

	
AIII

	
AIII

	
AI

	
AII

	
AII

	
AII

	
AII

	
AII

	
MA

	
AIII

	
AIII

	
AIII

	
AIII

	
e




	
‘Orange Triumph clg’

	
-

	
-

	
-

	

	
MA

	
AIII

	
AII

	
AI

	
MA

	
MA

	
AII

	
MA

	
MA

	
MA

	
AII

	
AII

	
AII

	
AII

	
c–e




	
‘Paul Scarlet Climber’

	
SL

	
MA

	
MA

	
MA

	
AIII

	
AIII

	
AIII

	
AI

	
AIII

	
MA

	
AIII

	
MA

	
MA

	
MA

	
AII

	
AII

	
AII

	
AII

	
b–e




	
‘Venusta Pendula’

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
AIII

	
AIII

	
MA

	
MA

	
MA

	
AII

	
AII

	
AII

	
AII

	
b–e




	
‘Zéphirine Drouhin’

	
MA

	
MA

	
MA

	
MA

	
MA

	
MA

	
AIII

	
MIII

	
MA

	
MA

	
MA

	
MA

	
MA

	
MA

	
AII

	
AII

	
AII

	
AII

	
a–d




	
Duncan’s test

	
b-e

	
a-e

	
a-e

	
abc

	
abc

	
b-e

	
b-e

	
g

	
a-d

	
abc

	
c-f

	
ab

	
ab

	
a

	
f

	
def

	
ef

	
ef

	








Note: Means with the same letter are not significantly different between cultivars (vertically) and years (horizontally) at p ≤ 0.05 in Duncan’s range test.
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Table 7. The effect of correlations between average monthly air temperature (2005/2006, 2009/2010, and 2015/2016) and the term of bud break with visible first leaf tips (BBCH 07) in climber roses.
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Cultivar

	
SD

	
Month




	
October

	
November

	
December

	
January

	
February

	
March

	
April






	
‘Alberic Barbier’

	
5.00

	
−0.984 ***1

	
ns 2

	
−0.797 **

	
−0.859 **

	
−0.751 **

	
0.840 **

	
−0.589 *




	
‘Albertine’

	
0.58

	
−0.763 **

	
ns

	
ns

	
−0.998 ***

	
−0.981 ***

	
ns

	
ns




	
‘Chaplin’s P. Clim.’

	
15.28

	
ns

	
−0.996 ***

	
0.832 **

	
ns

	
ns

	
−0.788 **

	
0.956 ***




	
‘Dr Robert Huey’

	
15.28

	
−0.998 ***

	
0.572 *

	
−0.897 **

	
ns

	
−0.613 **

	
0.927 ***

	
−0.731 **




	
‘Duc de Constantin’

	
10.00

	
0.984 ***

	
ns

	
0.797 **

	
0.859 **

	
0.751 **

	
−0.840 **

	
0.589 *




	
‘Gerbe Rose’

	
15.28

	
ns

	
−0.730 **

	
ns

	
−0.765 **

	
−0.870 **

	
ns

	
0.571 *




	
‘Mme Plantier’

	
17.32

	
0.941 ***

	
−0.809 **

	
0.992 ***

	
ns

	
ns

	
−0.999 ***

	
0.914 ***




	
‘Orange Triumph clg’

	
5.77

	
−0.763 **

	
ns

	
ns

	
−0.998 ***

	
−0.981 ***

	
ns

	
ns




	
‘Paul Scarlet Climber’

	
15.28

	
−0.932 ***

	
ns

	
−0.668 **

	
−0.940 ***

	
−0.862 **

	
0.722 **

	
ns




	
‘Venusta Pendula’

	
15.00

	
−0.984 ***

	
ns

	
−0.797 **

	
−0.859 **

	
−0.751 **

	
0.840 **

	
−0.589 *




	
‘Zéphirine Drouhin’

	
23.09

	
−0.763 **

	
ns

	
ns

	
−0.998 ***

	
−0.981 ***

	
ns

	
ns








Note: 1 The correlations are significant at p < 0.05, marked: * 0.500–0.599—restrained; ** 0.600–0.899—high; *** >0.9—very high. 2 ns—not significant.
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Table 8. The effect of correlations between average monthly air temperature (2005/2006, 2009/2010, and 2015/2016) and period of the first leaf pair unfolding (BBCH 11) in climber roses.
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Cultivar

	
SD

	
Month




	
October

	
November

	
December

	
January

	
February

	
March

	
April






	
‘Alberic Barbier’

	
0.58

	
−0.763 **1

	
ns 2

	
ns

	
−0.998 ***

	
−0.981 ***

	
ns

	
ns




	
‘Albertine’

	
5.77

	
0.763 **

	
ns

	
ns

	
0.998 ***

	
0.981 ***

	
ns

	
ns




	
‘Chaplin’s P. Clim.’

	
5.77

	
ns

	
−0.914 ***

	
0.604 **

	
−0.512 *

	
−0.660 **

	
−0.543 *

	
0.808 **




	
‘Dr Robert Huey’

	
5.77

	
−0.763 **

	
ns

	
ns

	
−0.998 ***

	
−0.981 ***

	
ns

	
ns




	
‘Duc de Constantin’

	
10.00

	
0.984 ***

	
ns

	
0.797 ***

	
0.859 **

	
0.751 **

	
−0.840 **

	
0.589 *




	
‘Gerbe Rose’

	
5.77

	
−0.763 **

	
ns

	
ns

	
−0.998 ***

	
−0.981 ***

	
ns

	
ns




	
‘Mme Plantier’

	
5.77

	
0.941 ***

	
−0.809 **

	
0.992 ***

	
ns

	
ns

	
−0.999 ***

	
0.914 ***




	
‘Orange Triumph clg’

	
0.58

	
−0.763 **

	
ns

	
ns

	
−0.998 ***

	
−0.981 ***

	
ns

	
ns




	
‘Paul Scarlet Clim.’

	
5.77

	
−0.763 **

	
ns

	
ns

	
−0.998 ***

	
−0.981 ***

	
ns

	
ns




	
‘Venusta Pendula’

	
5.00

	
−0.984 ***

	
ns

	
−0.797 **

	
−0.859 **

	
−0.751 **

	
0.840 **

	
−0.589 *




	
‘Zéphirine Drouhin’

	
10.00

	
−0.984 ***

	
ns

	
−0.797 **

	
−0.859 **

	
−0.751 **

	
0.840 **

	
−0.589 *








Note: 1 The correlations are significant at p < 0.05, marked: * 0.500–0.599—restrained; ** 0.600–0.899—high; *** >0.9—very high. 2 ns—not significant.
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Table 9. The flowering in climber roses evaluated according to the valuation scale: 0—plants fail to bloom; 1—a few poor inflorescences on shoot; 2—<5 inflorescences on 1 m of shoot, weak flowering; 3—with 3–10 flowers in inflorescences, average flowering; 4—>5 inflorescences on 1 m of shoot, abundant and long flowering; 5—abundant and long flowering, the inflorescences densely placed on the plant.






Table 9. The flowering in climber roses evaluated according to the valuation scale: 0—plants fail to bloom; 1—a few poor inflorescences on shoot; 2—<5 inflorescences on 1 m of shoot, weak flowering; 3—with 3–10 flowers in inflorescences, average flowering; 4—>5 inflorescences on 1 m of shoot, abundant and long flowering; 5—abundant and long flowering, the inflorescences densely placed on the plant.





	
Cultivar

	
Year

	
Duncan’s Test




	
2000

	
2001

	
2002

	
2003

	
2004

	
2005

	
2006

	
2007

	
2008

	
2009

	
2010

	
2011

	
2012

	
2013

	
2014

	
2015

	
2016

	
2017






	
‘Alberic Barbier’

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
0

	
0

	
0

	
0

	
5

	
5

	
5

	
5

	
b




	
‘Albertine’

	
-

	
-

	
-

	
0

	
0

	
0

	
0

	
5

	
5

	
2

	
1

	
0

	
0

	
0

	
5

	
4

	
5

	
5

	
b




	
‘Chaplin’s Pink Clim.’

	
0

	
0

	
0

	
0

	
0

	
1

	
0

	
3

	
5

	
0

	
0

	
0

	
0

	
0

	
5

	
5

	
5

	
5

	
b




	
‘Dr Robert Huey’

	
0

	
2

	
2

	
2

	
0

	
2

	
0

	
2

	
2

	
3

	
0

	
5

	
5

	
5

	
4

	
5

	
5

	
5

	
b




	
‘Duc de Constantin’

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
0

	
1

	
1

	
1

	
5

	
4

	
4

	
5

	
b




	
‘Gerbe Rose’

	
-

	
-

	
-

	
-

	
-

	
0

	
1

	
5

	
5

	
1

	
4

	
1

	
1

	
1

	
4

	
3

	
5

	
5

	
b




	
‘Mme Plantier’

	
-

	
-

	
-

	
0

	
1

	
4

	
5

	
5

	
5

	
5

	
5

	
5

	
5

	
5

	
5

	
5

	
5

	
5

	
a




	
‘Orange Triumph clg’

	
-

	
-

	
-

	
-

	
0

	
2

	
0

	
4

	
4

	
2

	
0

	
1

	
1

	
1

	
5

	
1

	
1

	
5

	
b




	
‘Paul Scarlet Climber’

	
0

	
2

	
2

	
2

	
2

	
2

	
2

	
5

	
5

	
3

	
3

	
3

	
3

	
3

	
3

	
3

	
3

	
5

	
b




	
‘Venusta Pendula’

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
0

	
0

	
0

	
0

	
1

	
5

	
5

	
5

	
5

	
b




	
‘Zéphirine Drouhin’

	
0

	
0

	
1

	
0

	
4

	
4

	
2

	
4

	
4

	
2

	
2

	
1

	
2

	
0

	
0

	
3

	
3

	
5

	
b




	
Duncan’s test

	
b

	
b

	
b

	
b

	
b

	
b

	
b

	
a

	
a

	
b

	
b

	
b

	
b

	
b

	
a

	
a

	
a

	
a
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Table 10. The effect of correlations between average monthly air temperature (2005/2006, 2009/2010, and 2015/2016) and the start of the flowering period (BBCH 60 601) in climber roses.






Table 10. The effect of correlations between average monthly air temperature (2005/2006, 2009/2010, and 2015/2016) and the start of the flowering period (BBCH 60 601) in climber roses.





	
Cultivar

	
SD

	
Month




	
October

	
November

	
December

	
January

	
February

	
March

	
April






	
‘Alberic Barbier’

	
6.93

	
0.763 **1

	
ns 2

	
ns

	
0.998 ***

	
0.981 ***

	
ns

	
ns




	
‘Albertine’

	
7.64

	
ns

	
0.996 ***

	
−0.832 **

	
0.202

	
ns

	
0.788 **

	
−0.956 ***




	
‘Chaplin’s P. Clim.’

	
14.43

	
0.763 **

	
ns

	
ns

	
0.998 ***

	
0.981 ***

	
ns

	
ns




	
‘Dr Robert Huey’

	
5.77

	
0.763 **

	
ns

	
ns

	
0.998 ***

	
0.981 ***

	
ns

	
ns




	
‘Duc de Constantin’

	
8.66

	
0.763 **

	
ns

	
ns

	
0.998 ***

	
0.981 ***

	
ns

	
ns




	
‘Gerbe Rose’

	
6.03

	
ns

	
−0.508 *

	
ns

	
−0.915 ***

	
−0.974 ***

	
ns

	
ns




	
‘Mme Plantier’

	
4.73

	
ns

	
−0.807 **

	
ns

	
−0.682 ***

	
−0.804 **

	
ns

	
0.665 **




	
‘Orange Triumph clg’

	
14.43

	
0.763 **

	
ns

	
ns

	
0.998 ***

	
0.981 ***

	
ns

	
ns




	
‘Paul Scarlet Clim.’

	
12.58

	
ns

	
ns

	
ns

	
−0.923 ***

	
−0.978 ***

	
ns

	
ns




	
‘Venusta Pendula’

	
0.58

	
0.763 **

	
ns

	
ns

	
0.998 ***

	
0.981 ***

	
ns

	
ns




	
‘Zéph. Drouhin’

	
5.20

	
−0.763 **

	
ns

	
ns

	
−0.998 ***

	
−0.981 ***

	
ns

	
ns








Note: 1 The correlations are significant at p < 0.05, marked: * 0.500–0.599—restrained; ** 0.600–0.899—high; *** >0.9—very high. 2 ns—not significant.
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Table 11. Correlations matrix between frost damage, early phenology stages, and beginning and abundance of flowering in climber roses for all cultivars taken together (‘Alberic Barbier’, ‘Albertine’, ‘Chaplin’s Pink Climber’, ‘Dr Robert Huey’, ‘Duc de Constantin’, ‘Gerbe Rose’, ‘Mme Plantier’, ‘Orange Triumph clg’, ‘Paul Scarlet Climber’, ‘Venusta Pendula’, and ‘Zéphirine Drouhin’).






Table 11. Correlations matrix between frost damage, early phenology stages, and beginning and abundance of flowering in climber roses for all cultivars taken together (‘Alberic Barbier’, ‘Albertine’, ‘Chaplin’s Pink Climber’, ‘Dr Robert Huey’, ‘Duc de Constantin’, ‘Gerbe Rose’, ‘Mme Plantier’, ‘Orange Triumph clg’, ‘Paul Scarlet Climber’, ‘Venusta Pendula’, and ‘Zéphirine Drouhin’).













	Variable
	Bud Break
	Leaf Development
	Frost Damage
	Beginning of Flowering
	Abundance of Flowering





	For all Cultivars
	
	
	
	
	



	Leaf Development
	0.759 ****
	1.000
	
	
	



	Frost Damage
	0.410 **
	0.548 ***
	1.000
	
	



	Beginning of Flowering
	0.210 *
	0.359 **
	0.288 *
	1.000
	



	Abundance of Flowering
	−0.432 **
	−0.403 **
	−0.733 ****
	0.220 *
	1.000







Note: The correlations are significant at α = 0.01; marked: * 0.100–0.299—low; ** 0.300–0.499—restrained; *** 0.500–0.699—high; **** 0.700–0.899—very high.
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Table 12. Correlations matrices between frost damage, early phenology stages, and beginning and abundance of flowering in climber roses for: ‘Alberic Barbier’, ‘Albertine’, ‘Chaplin’s Pink Climber’, ‘Dr Robert Huey’, ‘Duc de Constantin’, ‘Gerbe Rose’, ‘Mme Plantier’, and ‘Orange Triumph clg’.






Table 12. Correlations matrices between frost damage, early phenology stages, and beginning and abundance of flowering in climber roses for: ‘Alberic Barbier’, ‘Albertine’, ‘Chaplin’s Pink Climber’, ‘Dr Robert Huey’, ‘Duc de Constantin’, ‘Gerbe Rose’, ‘Mme Plantier’, and ‘Orange Triumph clg’.













	Variable
	Bud Break
	Leaf Development
	Frost Damage
	Beginning of Flowering
	Abundance of Flowering





	‘Alberic Barbier’
	
	
	
	
	



	Leaf Development
	−0.293 *1
	1.000
	
	
	



	Frost Damage
	0.687 ***
	0.476 **
	1.000
	
	



	Beginning of Flowering
	0.122 *
	0.178 *
	ns 2
	1.000
	



	Abundance of Flowering
	−0.775 ****
	−0.378 **
	−0.980 *****
	ns
	1.000



	‘Albertine’
	
	
	
	
	



	Leaf Development
	0.520 ***
	1.000
	
	
	



	Frost Damage
	0.440 **
	0.462 **
	1.000
	
	



	Beginning of Flowering
	0.380 **
	0.330 **
	0.291 *
	1.000
	



	Abundance of Flowering
	−0.429 **
	−.429 **
	−0.933 *****
	−0.243 *
	1.000



	‘Chaplin’s Pink Climber’
	
	
	
	
	



	Leaf Development
	0.924 *****
	1.000
	
	
	



	Frost Damage
	0.591 ***
	0.638 ***
	1.000
	
	



	Beginning of Flowering
	0.291 *
	0.329 **
	0.406 **
	1.000
	



	Abundanceof Flowering
	−0.641 ***
	−0.639 ***
	−0.908 *****
	ns
	1.000



	‘Dr Robert Huey’
	
	
	
	
	



	Leaf Development
	0.740 ****
	1.000
	
	
	



	Frost Damage
	0.373 **
	0.423 **
	1.000
	
	



	Beginning of Flowering
	ns
	ns
	0.471 **
	1.000
	



	Abundance of Flowering
	−0.138 *
	0.251 *
	−0.357 **
	−0.111 *
	1.000



	‘Duc de Constantin’
	
	
	
	
	



	Leaf Development
	0.747 ****
	1.000
	
	
	



	Frost Damage
	0.619 ***
	0.204 *
	1.000
	
	



	Beginning of Flowering
	0.147 *
	−0.450 **
	ns
	1.000
	



	Abundance of Flowering
	ns
	0.569 ***
	−0.465 **
	−0.776 ****
	1.000



	‘Gerbe Rose’
	
	
	
	
	



	Leaf Development
	0.756 ****
	1.000
	
	
	



	Frost Damage
	0.787 ****
	0.694 ***
	1.000
	
	



	Beginning of Flowering
	0.527 ***
	0.741 ****
	0.221 *
	1.000
	



	Abundance of Flowering
	−0.907 *****
	−0.631 ***
	−0.866 ****
	−0.258 *
	1.000



	‘Mme Plantier’
	
	
	
	
	



	Leaf Development
	0.626 ***
	1.000
	
	
	



	Frost Damage
	Nd
	Nd
	1.000
	
	



	Beginning of Flowering
	ns
	ns
	Nd
	1.000
	



	Abundance of Flowering
	−0.222 *
	−0.244 *
	Nd
	−0.278 *
	1.000



	‘Orange Triumph clg’
	
	
	
	
	



	Leaf Development
	0.713 ****
	1.000
	
	
	



	Frost Damage
	0.513 ***
	0.472 **
	1.000
	
	



	Beginning of Flowering
	0.107 *
	0.457 **
	0.530 ***
	1.000
	



	Abundance of Flowering
	−0.510 ***
	−0.456 **
	−0.858 ****
	−0.342 **
	1.000







Note: 1 The correlations are significant at α = 0.01; marked: * 0.100–0.299—low; ** 0.300–0.499—restrained; *** 0.500–0.699—high; **** 0.700–0.899—very high; ***** ≥ 0.900—almost full. Nd—the variable takes constant values; ns—not significant. 2 ns—not significant.
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Table 13. Correlations matrices between frost damage, early phenology stages, and beginning and abundance of flowering in climber roses: ‘Paul Scarlet Climber’, ‘Venusta Pendula’, and ‘Zéphirine Drouhin’.
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	Variable
	Bud Break
	Leaf Development
	Frost Damage
	Beginning of Flowering
	Abundance of Flowering





	‘Paul Scarlet Climber’
	
	
	
	
	



	Leaf Development
	0.716 ****
	1.000
	
	
	



	Frost Damage
	0.355 **
	0.735 ****
	1.000
	
	



	Beginning of Flowering
	0.395 **
	−0.444 **
	0.386 **
	1.000
	



	Abundance of Flowering
	−0.321 **
	0.525 ***
	−0.613 ***
	−0.225 *
	1.000



	‘Venusta Pendula’
	
	
	
	
	



	Leaf Development
	0.847 ****
	1.000
	
	
	



	Frost Damage
	0.635 ***
	0.882 ****
	1.000
	
	



	Beginning of Flowering
	0.103 *
	0.200 *
	0.325 **
	1.000
	



	Abundance of Flowering
	−0.816 ****
	−0.881 ****
	−0.920 *****
	−0.146 *
	1.000



	‘Zéphirine Drouhin’
	
	
	
	
	



	Leaf Development
	0.823 ****
	1.000
	
	
	



	Frost Damage
	0.394 **
	0.660 ***
	1.000
	
	



	Beginning of Flowering
	0.591 ***
	0.537 ***
	0.335 **
	1.000
	



	Abundance of Flowering
	−0.560 ***
	−0.391 **
	−0.298 *
	−0.295 *
	1.000







Note: The correlations are significant at α = 0.01; marked: * 0.100–0.299—low; ** 0.300–0.499 –restrained; *** 0.500–0.699—high; **** 0.700–0.899—very high; ***** ≥0.900—almost full.
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