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Abstract

:

Phenological records of apple and pear trees, including flowering, harvest and leaf drop, and concomitant weather records at Klein-Altendorf (50° N) near Bonn, Germany were correlated using two approaches: (a) linear curve fitting and (b) comparison of mean values of the first 30 years (1956–1988) versus the recent 30 years of climate change (1989–2017). The annual air temperature increased by 1.7 °C from 8.6 °C in 1958 to 10.3 °C in 2017 over the last 60 years and similarly in the vegetation period (1 April–30 October) from 13.7 °C in 1958 to 15.2 °C in 2017 by 1.5 °C. The combination of stronger increase in winter temperatures (by +1.2 °C) than in the summer (air +1.0 °C) with advanced bud break and −0.3 °C lower minimum temperatures in April during flowering resulted a continued risk of a late frost, as experienced in 2017. The strongest climate change effect, i.e., 11–14 days advanced flowering (in apple and pear) highly correlated (R2 −0.7) with the March/April temperature. Fruit ontogeny was 4 days shorter in cv. ‘Lucas’ pear, but 5 days longer in cv. ‘Cox’ and 10 days longer in cv. ‘Boskoop’, but remained unchanged in cv. ‘Golden Delicious’, irrespective of early or late ripening variety and contradictory climate effects, fruit matured 4–12 days earlier indicating its sole dependency on variety. Climate data and (earlier) harvest date closely correlated (R2: 0.6–0.7). The lowest correlation was between canopy duration (bloom to leaf fall), which was consistently extended by 6–10 days and the leaf drop stage beginning 2–4 days earlier. The correlations indicated that the Meckenheim fruit growing region is strongly affected by climate change and the comparison between two equally-balanced 30-year phases gave more realistic results than linear curve fitting.
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1. Introduction


For the interpretation of climate change effects on fruit crops, long-term data sets are required but are also scarce [1,2]. For an unbiased interpretation, this contribution represents the ideal scientific situation with 30 years before and 30 years during climate change to achieve equal weighing of both periods. To our knowledge, the data presented here are the oldest/longest historic combined data sets of complete pome fruit phenology (flowering, frost and harvest leaf fall) and weather data at the same site, without change of variety or record site, followed by Angers (Britany, since 1963) and Forli (near Bologna, since 1970) (Legave et al., 2013 [3]), although single apple (Malus domestica Borkh.) flowering data have existed since 1760 (Chmielewski et al., 2004 [4]). Our location is representative of the 50–51° N pome fruit growing belt across Europe from southern England (Somerset and Kent), northern France (Brittany), Belgium, the Netherlands, parts of Germany (Jork/Altes Land, Niederrhein, Meckenheim and Saxony) and Poland (Kaufmann and Blanke, 2017 [1]).



The objective of the present work was to use this rich source of information to elaborate the effects of recent climate change using a unique combination of 60 years of phenological and meteorological data acquisition at the same location to quantify any effect on phenology viz flower advancement, fruit maturity and canopy duration, harvest viz fruit maturation and leaf drop in apple and pear using four varieties and four generations of fruit trees.




2. Materials and Methods


2.1. Orchard Location and Climate


Phenological data of pome fruit trees were recorded over 60 years from 1956–2017 at Klein-Altendorf Campus (50.5° N) of the University of Bonn, Germany in the foothills of the Eifel. The University Campus is located within one of the large fruit growing regions of Germany and representative of the 50–51° N pome fruit growing belt across Europe from southern England (Somerset and Kent), northern France (Brittany), Belgium, Netherland, parts of Germany (Jork/Altes Land, Niederrhein, Meckenheim and Saxony) and Poland. The temperate climate is dominated by Westerly Atlantic weather buffered by the mild Rhine river influence. The annual mean temperature is 9.5 °C with ca. 600 mm rainfall. The soil is a fertile luvisol on loess [1,2].




2.2. Choice of Fruit Trees


Phenological data were recorded over the 60 year period of apple trees cv. ‘Golden Delicious’, ‘Red Boskoop’ and ‘Cox‘s Orange Pippin’ on M 9 rootstock and pear cv. ‘A. Lucas’ on Quince A rootstock. Fruit trees were selected using 4 generations of fruit-bearing trees of these cultivars at least 4 years after planting. Trees were employed without alternate bearing, which is designated as the change between bearing and non-bearing years.




2.3. Phenological Records


Phenological records were first manually by hand and later by an automated weather station. They included dates for the beginning of flowering (BBCH 61, Fleckinger F, 930DD), full bloom (BBCH 65, Fleckinger F2, 1040DD) and end of flowering (BBCH 67, Fleckinger stage G or US 1170), begin of fruit harvest (BBCH 81), beginning (BBCH 93) and end (BBCH 97) (Meier et al., 1994 [5]) of leaf drop and canopy duration, defined as the start of flowering to the beginning of leaf drop.




2.4. Sourcing of Weather Data and Increase in Average Annual and Monthly Temp Veg Period


The concomitant weather records at Klein-Altendorf Campus included minimum, maximum and average air temperature in 2 m height according to international standards and precipitation over the same 60-year period. Heat days, defined as days with max temp >30 °C, were extracted and plotted for the figures. Precipitation was measured in 1 m height in the rain gauge after Professor Hellmann (and later by an automated electronic rain gauge) and days of heavy rain, defined incidences with >20 L/m2 rain per day; such an event led to the catastrophic Ahr valley flooding on 14–15 July 2021 only a few miles from Klein-Altendorf. Phenological records and weather data were correlated using two approaches: (a) linear curve fitting in Excel as a conservative approach and (b) comparison of mean values of the first 30 versus the recent 30 years.





3. Results


3.1. Increase in Average Annual and Monthly Temp Veg Period


Over the 60 years, the annual average of the air temperature at Klein-Altendorf Campus increased from 8.6 °C in 1956 to 10.3 °C in 2017, using endpoints from linear curve fitting (result not shown). This is equivalent to an increase in air temperature of 1.7 °C over the last long term, 60 years observations and yearly averages. In the vegetation period (1 April–31 October in the Northern Hemisphere), the average annual temperature increased similarly from 13.7 °C in 1956 to 15.2 °C in 2017, i.e., by 1.5 °C. For the majority of arable and perennial, woody crops, the vegetation period is the relevant growth period, which enables or disables crops to be successfully grown.



The arithmetical mean over 60 years (1956–2017) resulted in an annual temperature of 9.5 °C; this is used as a baseline in Figure 1 with annual differences from this long-term value. In ca. 69% (22 of 32 years) of the first 30 years, the annual temperature was considerably (>0.5 °C) below (i.e., cooler) the long-term, 60-year average (Figure 1a).



From the beginning of climate change, which was from 1988 onwards, 82% (23 of 30 years) of these annual temperatures were warmer than the long-term, 60-year temperature average of 9.5 °C (except for 1991, 1993, 1996 and 2010) (Figure 1a).



This finding was used to propose the second approach in this paper, i.e., distinguish a phase I (32 years before climate change, 1956–1987) and phase II (1988–2017) with a transition period between 1987–1989. These two phases are subsequently used throughout this manuscript to describe and compare potential weather impacts of global climate change.



An overall comparison between phase II (1988–2017) versus phase I (1956–1987) revealed a stronger increase in the winter (November to April) air temperature by 1.2 °C relative to the lesser increase in the vegetation period (May to October) of 1.0 °C with an intermediate overall annual increase of +1.1 °C (Table 1).



A comparison between phase I (before climate change, 1956–1987) with phase II (1988–2017) showed the largest monthly temperature increases in the 8 months from January to August (except June) (Figure 1b). The three largest temperature increases were in January, February and August with nearly +1.6 °C each, followed by March, April, May and July with 1.3–1.4 °C; smaller temperature rises were observed in the autumn and winter months from September–November (Figure 1b).




3.2. Correlation between Phenology and Climate Change—Flowering Advancement versus Monthly Spring Temperature (1956–2017)


The strongest climate change effect of these 60 years records, i.e., 11–14 days advanced flowering (in apple and pear) closely correlated (R2-0.7) with March/April temperature (Figure 2).




3.3. Increase in Heat Days and Heavy Rainfall


To investigate the development of extreme temperatures during the vegetation period, we compared the heat days in phase I and phase II. On average, the number of heat days tripled from May until September (Figure 3a) with the Tmax on most heat days being ca. 32 °C, with 36 °C as a one-off extreme value (result not shown).




3.4. Development of Monthly Minimum Air Temperatures in the Flowering Time


Over the last 60 years, the most severe rise in minimum monthly temperature in spring was observed in March (Figure 4). The minimum temperature rose from −5.7 °C in March 1958 to −4.0 °C in March 2017, i.e., by ca. 1.7 °C over the 60 years, based on linear curve fitting. While the long-term (60 years) minimum monthly temperatures increased in March, they declined in April by ca. −1.4 °C and negligible change in May (Figure 4).




3.5. Effect of Climate Change on Risk of Late Spring Frost (and Flower Damage)


Minimum temperatures in April, associated with damaging late spring frost at the time of pome and stone fruit tree flowering, became colder by −0.3 °C from −2.0 °C (mean values of phase 1: 1958–1987) to −2.3 °C (phase II: 1988–2017). The number of days with severe frost, i.e., colder than −2 °C, increased, when the two phases were compared (Table 2). By contrast, minimum temperatures in March in the last 30 years rose by 1.3°C (from −5.5 in phase I to −4.2 °C in phase II), whereas no change was observed in May; similarly, the number of frost days declined in March, but was without change in May (Table 2).



In years, when the spring frost coincided with late pear flowering, the effects on fruit set and yield reductions were most severe (Figure 5). In phase I (1958–1987), the frost occurred before or during early flowering with little effect on fruit set and yield (27% of the years). However, the spring frost coincided with later flowering stages in the last ca. 30 years (phase II, 1989–2017) (43% frost damage of years), thereby increasing the risk of frost damage at the time, as with the continental European frost on 19–20 April 2017.




3.6. No Change in Overall Precipitation


While the amount of precipitation remained unchanged in the winter months, the summer precipitation slightly rose over the 60-year period of observation. The annual precipitation at this location of ca. 604 mm consisted of a larger portion of ca. 360 mm in the summer season between May and October and a smaller fraction of ca. 245 mm in the winter between November and April. The monthly precipitation decreased in May, followed by November and January, but increased in December, February, March, August and also in the autumn (September/October). The mean number of days with heavy rainfall (<20 mm/day) tripled during the vegetation period in phase II (Figure 3b).




3.7. Flowering and Harvest Advancement as well as Extended Canopy Duration


Between 1958 and 1987, the date of pear cv. A. Lucas’ and three apple varieties flowering fluctuated regularly. However, from 1988 to date (phase II), flowering started (BBCH 61), 9–12 days earlier at Klein-Altendorf compared with the 30 earlier years (phase I) (Table 3). Similarly, full bloom was 11–14 days earlier in both apple (cv. ‘Boskoop’, ‘Cox’ and ‘GD’) and pear (cv. ‘A. Lucas’) comparing the last 30 years with the previous 30 years (Table 4).




3.8. Advanced Harvest Date


Using linear regression and 3-year moving averages, three out of four varieties showed a close correlation (R2- 0.6 to 0.7) between climate data and harvest date (Figure 6). The harvest of apple cv. ‘Golden Delicious’ fruit was advanced by ca. 20 days over the last 60 years. However, when the means of the two 30 year phases (1956–1987 and 1988–2018) were compared, this advancement was only 12 days (Table 4). This apparent discrepancy is interpreted as an overestimate in the linear regression (Figure 6); the same situation was observed with pear cv. A. Lucas’, where the linear regression with 24 days overestimated the harvest advancement of 15 days shown in Table 4. The least harvest advancement of ca. 4 days was in apple cv. ’Boskoop’ and in line with the approach of the comparison of the latter 30 and former 30 years in Table 4.




3.9. Advanced and Extended Tree Canopy Duration


The canopy duration, i.e., the period from flowering to leaf drop, was extended by ca. 12 days in spring, but not extended into the autumn. Leaf drop started 1–4 days earlier in apple and pear (‘A. Lucas’) fruit in phase II (1988 to date) relative to that in phase I (1958–1987), in contrast to the more severely affected flowering (11–14 days) and harvest (4–15 days) advancement (Table 4); the range indicates that the observed phenological effects strongly depend on the variety and observations based on a single variety may be misleading.





4. Discussion


4.1. Temperature Rise Indicative of Climate Change and Physiological Consequences


Our distinction of two 30 year climatic phases coincided with the transition to recent climate change from ca. 1988/89, as observed by the National German Met office DWD as well as phenological observations with apple and peach in other locations [4,6,7,8,9]; the first 30 years in this study coincide with the international climatic reference period of the WMO.



The calculated temperature rise of 1.7 °C in the last 60 years resembles the nationwide average of 1.7 °C in the 45 years between 1955 und 2000 [7,8]) and is in the same order with the temperature increase of 0.2 °C/decade reported by Hansen et al. (2006 [10]). Our observed temperature rise of 1.6 °C/60 years is within the weakest IPCC Scenario B1 (1.1 to 2.9 °C temperature rise between 2000 and 2100) but below the modest Scenario A1F1 (2.4 to 6.4 °C) [11]; scenarios starting from 1990 often under-estimate climate change [12]).



Overall, the changes in weather pattern observed in the last 30 years at Klein-Altendorf, i.e., a warmer winter and spring (+1.2 °C) and less pronounced temperature rise in autumn, are in line with those in Jork in the north of Germany and stroner than at KOB near Lake Constance. The warmer spring is responsible for the flowering advancement of several days (Table 4), while the warmer autumn may reduce the formation of red colouration on bi-coloured apple and pear cultivars [13].



The increase in weather extremes, such as heavy rainfall and heat (Figure 3) extremes, has a negative effect on tree physiology. Heavy rainfall can induce fruit cracking, while under heat, photosynthesis of temperature zone fruit crops, such as apple and pear, comes to a standstill, since their temperature optimum of 23–25 °C is largely exceeded [14]. The larger number of heat days (by ca. 7 days; Figure 3) is responsible for sunburn in apple fruit exposed to direct sunlight and may be a possible cause for both the extended vegetation period (days > 5 °C) and canopy duration by 6–10 days (Table 4).




4.2. Climate Change Effects on Pome Fruit Phenology, Chilling and Flower Advancement


The warmer winter months in December–February (Figure 2) provide less winter chill for the fruit trees [1,15], while the warmer spring months (March and April) was the strongest effect in line with Chmielewski et al. (2004) [4] explain the 11–14 days earlier apple blossom (Table 4). This flowering advancement explains the 4–15 days earlier harvest; the advancement of bloom was stronger than that of the fruit harvest in most varieties (Table 4). The smallest changes in averaged monthly temperatures were observed in September–November (Figure 2). This interesting result explains two phenological findings, (a) the minute changes in the date of leaf drop of 1–4 days (Table 4), (b) the change in chilling for the tree fruit crops at this location [16]. The greater rises in monthly winter and spring temperatures from January to March (Figure 2) may contribute to tree/plant forcing after fulfilment of the chilling requirement resulting in the observed 9–12 days earlier beginning of flowering (BBCH 61; Table 3).



The 11–14 days earlier full bloom (BBCH 65) in apple and pear (Table 4) resembles the 14 days earlier flowering in Jork [8], 10–20 days in cv. ‘Golden Delicious’ in the foothills of Switzerland [17] and 7–9 days with cv. ‘Golden Delicious’ apple in southern France [3].



A comparison of the two phases over the 60 years showed an advancement of leaf drop by 1–4 days (Table 4). Similarly, the canopy duration, however, was prolonged by ca. 6–10 days in spring due to the 9–12 days earlier beginning of flowering (Table 4). With the early flowering apple cv. ‘Boskoop’, harvest was least advanced in contrast to the later flowering apple and pear cultivars (Table 4). Overall, fruit crops may, to some extent, benefit from climate change and ca. 6–8 days extended period between harvest and leaf fall in the autumn (Table 4 and Figure 7). At this time, the tree recovers, leaf photosynthesis supports both flower bud development and leaf drop signals the successful translocation of carbon and nitrogen skeletons from the leaves into the perennial parts of the tree (trunk, bark and root) for next year’s re-growth and flowering [18] and the beginning of chilling sensitivity of the tree [1].



The results are in line with other findings of generally earlier leaf drop throughout Europe, but different from the climate effects in the US.




4.3. No Negative Results


In contrast to Mediterranean climate locations, we have neither observed any extension of the flowering time, as indicative of a greater loss of chill, nor any late flowering at 50° N after harvest in the autumn, as reported from Turkey; such flowering is detrimental to the tree, which then loses its flowers for the next year.




4.4. Minimum Temperatures and Spring Frost


The persisting risk of a late frost is a combination of four moderate effects, which add up to: (a) warmer spring temperatures (Figure 2), (b) number of frost days (Table 2) and (c) lower minimum temperatures in April (Figure 4/Table 2), which (d) coincide with particularly frost-sensitive flowering stage of flower opening (BBCH 61–63, stage 9, 760DD) (Westwood, 1999 [19]). In the last 30 years, the flowering stage affected by spring frost shifted from balloon stage towards flower opening in apple due to climate change (Figure 5). Hence, the risk of a late spring frost in April remains or increases, as indicated by the minimum temperature (Figure 4/Table 2) despite the warming in spring, since the latter data are based on daily average temperatures (Figure 2). This confirms the general prediction for fruit cultivation throughout Europe [11,20,21], but in marked contrast to Eccel et al. (2009) [22] and Campoy et al. (2011) [23], who both reported a continued decrease in spring frost for Northern Italy alike Trentino and predicted a further decrease for the next years.




4.5. Precipitation


The drier May affects flowering and fruit set and may enhance post-bloom fruit drop, while the larger August to October precipitation is positive for fruit size and marketing/financial returns. The 2.7-fold increase in heavy rainfall over the last 60 years may largely affect open field crops, such as vegetables [24]. Open, field-grown cherries may be affected, if the heavy rainfall coincides with fruit maturation, when they are prone to cracking, rot and mould.





5. Conclusions


Correlations between 60 years of apple and pear phenology and concomitant climate records at Klein-Altendorf gave the following results:



A close correlation between March and April temperature increase and pome fruit flower advancement by 11–14 days in four cvs of apple and pear. Fruit ontogeny was 4 days shorter in cv. ‘A. Lucas’ pear, but 5 days longer in cv. ‘Cox Orange’ and 10 days in cv. ‘Roter Boskoop’, and remained unchanged in cv. ‘Golden Delicious’, irrespective of early or late ripening and the widest range of climate effects. A close correlation (R2- 0.6–0.7) between climate data and fruit maturation of 4–12 days earlier indicating its sole dependency on variety and excluding phenology results from climate change studies based on one single cultivar. Canopy duration (bloom to leaf fall) was consistently extended by 6–10 days, mostly in spring, and with a beginning 1–4 days earlier, leaf drop appeared least affected, possibly positive for the onset of the tree’s chilling accumulation [25].
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Figure 1. (a) Annual deviation from the 60-year (1956–2017) temperature average (9.5 °C); the dotted vertical line indicates the transition between phase I and phase II and (b) increase in monthly temperatures of phase II (1988–2017) relative to phase I (1956–1987) and to the long-term average (1956–2017) (red horizontal line). 
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Figure 2. Correlations between flowering advancement in apple cv. Boskoop (top left), Golden Delicious (bottom left), Cox Orange (Bottom right) and pear (top right) and monthly temperature increase in March and April (with R2) comparing phase II with phase I. 
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Figure 3. Increase in (a) heat days (Tmax ≥ 30°C) and (b) days with heavy rain (>20 mm/day)—mean monthly breakdown; comparison phase I (1958–1987) with phase II (1988–2017). 
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Figure 4. Averaged monthly minimum temperature (Tmin, 30 day average) in March (blue), April (red, dotted line) and May (green solid line) between 1958 to 2017 based on linear curve fitting (with moving averages and R2). 
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Figure 5. Advancement in flowering at beginning phase for pear cv. ‘A Lucas’ during the last 60 years in comparison with the calendar dates of late spring frost at Klein-Altendorf Campus. 
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Figure 6. Effect of recent climate change on fruit maturity, viz harvest calendar date of apple cvs ‘Golden. Delicious’ (green), ‘Boskoop’ (red), ‘Cox Orange’ (yellow) and pear cv. ‘A. Lucas’ (blue dotted line) fruit (with moving averages and R2). 
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Figure 7. Phenological clock for fruit crops/trees and major climate change effects include an advanced flowering (rose), advanced and extended period of fruit development (flowering to harvest; green), earlier start of chilling and shorter time for chilling and forcing (blue). 
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Table 1. Annual temperature means over 60 years (1956–2018) comparison of phase II (1988–2018) versus phase I (1956 -1987).






Table 1. Annual temperature means over 60 years (1956–2018) comparison of phase II (1988–2018) versus phase I (1956 -1987).











	Period
	Annual Mean
	Summer Months
	Winter Months





	Period I (1956–1987)
	9.0 °C
	14.0 °C
	3.9 °C



	Period II (1989–2017)
	10.1 °C
	15.0 °C
	5.1 °C



	Period I + II (1956–2017)
	9.5 °C
	14.5 °C
	4.5 °C



	Differences
	
	
	



	Difference PII − PI
	+1.1 °C
	+1.0 °C
	+1.2 °C



	Difference PII − (PI + PII)
	+0.6 °C
	+0.5 °C
	+0.6 °C
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Table 2. Average monthly minimum temperature (Tmin) and frost days less than 0 °C and less than −2 °C from March to May in the last 60 years at Klein-Altendorf.
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Month:

	
March

	
April

	
May






	
Average

Period

	
Minimum-Temperature

	
Frost Days

0 to −2 °C

	
Frost Days <−2 °C

	
Minimum Temperature

	
Frost Days

0 to −2 °C

	
Frost Days <−2 °C

	
Minimum Temperature

	
Frost Days

0 to −2 °C

	
Frost Days

<−2 °C




	
1958–2017 Phase I + II

	
−4.9 °C

	
4.5

	
5.1

	
−2.1 °C

	
2.5

	
1.2

	
1.2 °C

	
0.4

	
0




	
1958–1987 (Phase I)

	
−5.5 °C

	
5.0

	
5.6

	
−2.0 °C

	
2.5

	
1.0

	
1.2 °C

	
0.5

	
0




	
1988–2017 (Phase II)

	
−4.2 °C

	
4.0

	
4.5

	
−2.3 °C

	
2.6

	
1.4

	
1.2 °C

	
0.4

	
0
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Table 3. Phenological data of apple and pear trees from 1958 to 2017 in Klein-Altendorf.
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	Pheno Stage/Variety-Period
	Blossom Start
	Full Bloom
	End of Bloom
	Fruit Harvest
	Start of Leaf Drop
	End of Leaf Drop
	Fruit Developm. *
	Canopy Duration **





	Pear
	
	
	
	
	
	
	
	



	A. Lucas

1958–2017
	17.04.
	21.04.
	30.04.
	22.09.
	28.10.
	10.11.
	154
	194



	1958–1987
	22.04.
	27.04.
	05.05.
	30.09.
	29.10.
	09.11.
	156
	190



	1988–2017
	13.04.
	16.04.
	24.04.
	15.09.
	26.10.
	11.11.
	152
	196



	Apple

cv. Cox Orange
	
	
	
	
	
	
	
	



	1958–2017
	01.05.
	06.05.
	14.05.
	19.09.
	30.10.
	15.11.
	136
	182



	1958–1987
	06.05.
	11.05.
	18.05.
	22.09.
	30.10.
	14.11.
	134
	177



	1988–2017
	26.04.
	30.04.
	09.05.
	16.09.
	29.10.
	16.11.
	139
	186



	Roter Boskoop
	
	
	
	
	
	
	
	



	1958–2017
	27.04.
	02.05.
	12.05.
	29.09.
	04.11.
	20.11.
	150
	191



	1958–1987
	03.05.
	09.05.
	18.05.
	01.10.
	05.11.
	18.11.
	145
	186



	1988–2017
	21.04.
	25.04.
	05.05.
	27.09.
	03.11.
	22.11.
	155
	196



	Golden Delicious
	
	
	
	
	
	
	
	



	1958–2017
	01.05.
	05.05.
	14.05.
	04.10.
	07.11.
	26.11.
	152
	190



	1958–1987
	06.05.
	11.05.
	20.05.
	10.10.
	09.11.
	28.11.
	152
	187



	1988–2017
	26.04.
	29.04.
	09.05.
	28.09.
	05.11.
	26.11.
	152
	193







* Fruit development in days from full bloom (BBCH 65; Fleckinger F2) to harvest. ** Canopy duration as defined in days between the start of flowering (BBCH 61; F) and of leaf drop (BBCH 93).
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Table 4. Advancement of phenological stages (comparison phase II with phase I) and vegetation period in days based on 60 years of records at Klein-Altendorf [days].
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	Phenology Stage
	BBCH Stage
	Golden Delicious
	Roter Boskoop
	Cox Orange
	A. Lucas





	Full bloom
	65
	12
	14
	11
	11



	Harvest starts
	87
	12
	4
	6
	15



	Begin leaf drop

Begin of chilling
	93
	4
	2
	1
	3



	Harvest to leaf drop
	n.a.
	8
	2
	5
	12



	Tree canopy duration
	n.a.
	6
	10
	9
	6







n.a.—not applicable.
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