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Summary 
Temperature plays a crucial role for the phenological development of plants and since past few 

decades Earth’s temperature is increasing. Plants are responding to this rise in temperature, 

through variations in their phenology. The temperature related changes in phenology have been 

studied for various fruit trees, including apple. Therefore, our study presents the relationship of 

phenology of three apple cultivars i.e. Red Aroma, Summerred and Discovery with the 

temperature in Sauherad, Norway. Moreover, the study looks for variation in phenological 

development and temperature between two years i.e. 2015 and 2016. 

This study makes use of multiple statistical tests (Spearman’s rank correlation test, Wilcoxon 

signed ranks test and paired t-test). It shows that the phenological development of all the 

considered three apple cultivars have a strong positive correlation with cumulative growing 

degree days while moving from the green top stage to the fruit diameter (10 mm) stage in the 

year 2016. Phenological development of 2015 does not differ statistically from the phenological 

development of 2016 while looking at all cultivars together. However, in the individual case of 

Discovery, phenological development of the year 2015 varies from 2016. Another finding is the 

interannual variation of cumulative growing degree days during the period of January to mid-

July. In the year 2015 cumulative growing degree days were reduced by 30.89 0C compared to 

the year 2016. 

Apple cultivation is economically important in Norway and the findings of the study can be 

useful to the local apple farmers in Sauherad as well as researchers interested in this field. 

 

Key words: Apple Cultivars, Climate Change, Cumulative Growing Degree Days, Phenological 

development 
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1. INTRODUCTION 

The surrounding environment is a key component for the growth of plants (Scott, 1969; 

Wilkinson, 2000; Yazdanpanah et al., 2010) and this applies to apple trees too. So, it’s important 

to know about the environment while studying the development in apple trees. The environment 

comprises both biotic and abiotic factors and among these factors temperature plays a crucial 

role for the growth of plants (Bairam et al., 2012; Legave et al., 2008). Temperature is expected 

to increase remarkably in this 21st Century according to the Intergovernmental panel on climate 

change (IPCC) and the rise in temperature is considered as a major component contributing to 

climate change (CC). Plants show responses to CC in different forms, for example; shift in 

ecological range (Chen et al., 2011; Menéndez et al., 2006; Moritz et al., 2008; Parmesan & 

Yohe, 2003), or change in phenological development (Cleland et al., 2007; Forrest & Miller-

Rushing, 2010; Walther et al., 2002; White et al., 1997). To observe the impacts of CC on 

phenological development, this study will continue to look at relationships of phenological 

development with temperature in 2016 in Sauherad as Hanna Wistedt did in 2015. Furthermore, 

the study will focus to know about the differences in phenological development and temperature 

within the years 2015 and 2016. A previous study conducted by Hanna Wistedt in 2015 shows a 

linear relationship between phenological development and temperature. Along with this, the 

study in 2015 concludes, there exist a difference in phenological development among three apple 

cultivars. 

1.1 Climate change (CC) 

Weather is the state of the atmosphere at a defined place and time (Poore, 1996), whereas climate 

is the average of weather conditions measured for a prolonged period (≥30 years) of time 

(DiMento & Doughman, 2014). In the present scenario, CC is being prominent with the increase 

in temperature and the global temperature went up by 0.6 0C in the 20th Century (IPCC, 2001). 

Furthermore, the global temperature is expected to rise in this 21st Century by 1 to 4 0C (IPCC, 

2007b). A long-term change in climatic conditions as a result of natural variability or human 

activity is termed as CC (IPCC, 2007c). In the case of northern Europe, natural variability and 

regional fluctuation play a role to determine climatic conditions along with global warming 

(Førland & Alfnes, 2007). CC in Norway due to global warming can cause; an increase in 

temperature, precipitation, and growing season length (Gjershaug et al., 2009; Uleberg et al., 

2014). Temperature in Norway have increased by ca. 1 0C in the 20th Century and the projected 

increase in temperature by the end of 21st century is ca. 4.5 0C (Hanssen-Bauer et al., 2017). 

Although, a temperature rise is observed throughout the year in Norway, the rise in temperature 

is more pronounced during summer and autumn than in winter (Hanssen-Bauer et al., 2017). In 

addition to this, Norway has a probability in the future to have short winters with mild 

temperatures (Førland & Alfnes, 2007; Gjershaug, 2009). Among the many municipalities in 

Norway, Sauherad municipality, situated in the south of the country, is also facing with the 

consequences of CC. Some of the expected changes in Sauherad due to CC are: a rise in annual 
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precipitation by ca. 15% and in temperature by ca. 4 0C at the end of 21st Century, in 

combination with a reduced time of snow coverage (Klimaservicesenter, 2016). 

1.2 Fruit tree phenology 

Phenology is the study of life cycle events related to seasonal timing (Rathcke & Lacey, 1985). 

The life cycle events like development of flowers and onset of leaves in plants are induced by 

different environmental factors such as temperature rise, increased rainfall, elevated CO2 and 

nitrogen deposition (Cleland et al., 2006; Talbert et al., 2013). Among the environmental factors, 

temperature plays an important role in the phenological development (Bairam et al., 2012; 

Legave et al., 2008) and it has dual role in fruit tree phenology, such as, low temperature is 

required to break bud endodormancy and relatively high temperature is essential for flowering 

(Chuine et al., 2016). Along with temperature, photoperiod (available amount of day light) plays 

an important role in the later stage of leaf fall. The impact of CC can also be seen in fruit 

production. Increasing temperature has caused various diseases in fruit trees (Devi, 2016) and 

has induced impacts on normal production of fruits, reducing the dormancy period of fruit trees 

(Hribar & Vidrih, 2015). Apple production is facing problems due to CC in the entire world. For 

instance, due to increase in temperature and decrease in winter rainfall, the apple production in 

northern India has decreased by 0.4 tons/hectare in the period of 1985-2009 (Sen et al., 2015), 

whereas certain areas of Japan will be unable to grow apples with the increase in temperature in 

near future, i.e. apple trees will shift their geographical range of growth (Morinaga, 2018). It’s 

not all about the quantity of apple production, quality of apples is also decreased due to rise in 

temperature. The concentration of malic acid, which makes apples tasty, is slowly being 

diminished in some apple cultivars in response to an increase in temperature (Stromberg, 2013). 

1.3 Apple cultivation in Norway 

The apple is one of the oldest cultivated tree that is grown in temperate regions of the world with 

some extend in tropical regions too and has the highest economic value among fruits (Jackson, 

2003). In Norway, the apple production has significant economic value (Thornews, 2013) and is 

commercially cultivated in the southern part of the country (Sletten et al., 2012). Beyond, the 

southern part of Norway, apples are being cultivated in some of the warm parts of the east and 

west, that have mean temperatures of 12.5-14 0C in the period of May to September (Røen, 

1996). The annual increase in the land used for apple cultivation also shows the relevancy of 

apple fruit production in Norway. Apple cultivation land in Norway increased from 1,351 

hectares to 1,429 hectares during the period of 2010 to 2016 (Statista, 2018b). In the coming 

decades, apple trees can possibly grow beyond the present distribution towards higher elevation 

and latitudes due to the rise in temperature (Sthapit et al., 2012), leading to further increase in the 

area of apple cultivation in Norway. An indication for this is the temporal advancement in 

flowering of apple trees that can be seen in southern Norway in response to an increase in 

temperature (Tjomsland, 2014), as a flowering advancement of nine days is seen in the period of 

1986 to 2016 (Rivero et al., 2017).  
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In this situation, the major challenge for Norwegian farmers is to know the relationship between 

a rise in temperature and the phenological development of apple trees. Information gathered from 

various studies related to temperature rise and apple trees can help farmers to choose the right 

apple cultivar for their farm, i.e. that best suits the expected rise in temperature (Parkes, 2017).  

1.4 Aim of the study 

The entire globe is struggling with the impacts of CC and some of the impacts like the rise in 

annual temperature and precipitation can be seen in the southern part (Telemark county) of 

Norway too (Klimaservicesenter, 2016). In the same way, phenological development of apple 

trees in the southern part of Norway have also responded to the impacts of CC (Rivero et al., 

2017). This situation makes phenological development in response to CC an interesting subject 

to. It is essential to study phenological development further (Jones & Thornton, 2003) because it 

provides relevant information about the existing ecological system and evolution pattern (Forrest 

& Miller-Rushing, 2010) as well as contributes to scientific studies in the field of biodiversity, 

agriculture, forestry and human health (Ruml & Vulić, 2005). The results from phenological 

studies are vital for research findings (Chapman et al., 2005) and plays an important role for the 

planning and organizing of agricultural activities, such as the optimal time for the plantation and 

use of fertilizers (Moola & Mallik, 1998; Ruml & Vulić, 2005). Most importantly, the planned 

agricultural activities based on phenological activities helps to gain maximum production 

(Sakamoto et al., 2005). 

A study by Wistedt (2016) gives information about relationship between phenological 

development and temperature in Sauherad for the year 2015 only and it is hard to generalize 

result from only one year. So, this study intends to further investigate about the relationship 

between phenological development of apple trees and temperature in the year 2016 too. In 

addition to this, our study tries to look for the variation in phenological development as well as 

CGDD from the years 2015 and 2016. These findings will help local farmers to know about 

response of apple trees to change in temperature and can help other researchers that work in the 

relevant field. In general, the hypotheses of this study can be summarized in the following way; 

H1: There is a no relationship between phenological development and CGDD. 

H2: There is a no difference in phenological development of 2015 and 2016. 

       i.e. Phenological development of 2015 = Phenological development of 2016. 

H3: There is a no difference in CGDD of 2015 and 2016. 

       i.e. CGDD of 2015 = CGDD of 2016. 
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2. MATERIAL AND METHODS 

2.1 Apple cultivars included in this study 

The genus Malus includes a various number of species and subspecies. The domesticated apple 

Malus domestica Borkh is considered to be the result of interspecific hybridization  (Kellerhals, 

2009; Robinson et al., 2001). In contrast to traditional practice, these days apple trees are 

obtained mainly with grafting branches in-to shoots, giving a tree with characteristics of the 

parental cultivar to which the branch belongs (Seppä, 2014). Different cultivars are developed 

based on the environmental and biological requirements (Jackson, 2003). In Norway, the 

cultivars Aroma and Summerred are regarded as tasting the best by consumers (Redalen, 1987) 

and the consumers preference is based on flavor (Varming et al., 2014). This study includes three 

apple cultivars that are commonly cultivated in Telemark county: Red Aroma, Summerred and 

Discovery. 

Red Aroma is the result of a cross between Ingrid Marie and Filippa varieties (Oulton, 2006), 

and originates from Sweden (Pippin, 2015a). Red Aroma is a delicious apple developed from 

cloning of Aroma, which is cultivated in Norway along with other Scandinavian countries. Red 

Aroma provides fruits in the months of September to October (Fruit, 2013). This apple tree gives 

a medium to large, sized fruit having a red color well spread on its cover (Planteskole, 2017). 

Summerred originated from Canada in 1964 and the cultivar has medium sized fruits with sweet 

flavor (Nursery, 2017). This cultivar of apple grows well in regions with hot summers and is 

considered best for the area that lies in the north-west Pacific region (Gardener, 2017). The 

southern part of Norway has warm summers and this area is therefore suitable for the 

Summerred apple. Moreover, Summerred tree have a strong growth and spreads horizontally. 

Summerred fruits can be harvested in the month of August, i.e. earlier than Red Aroma (NSW, 

2005). 

Discovery is a cross of Worcester Pearmain and Beauty of Bath varieties that was raised in 

England around 1949 (Oulton, 2004). This cultivar of apple grows well in temperate climatic 

condition (Pippin, 2015b) and belongs to commonly cultivated cultivars in Norway too (Børve et 

al., 2015).  In addition to this, Discovery gives fruit with a medium size that has a uniform flat-

round shape (Focused, 2017). Discovery fruits are harvested in late August.  

2.2 Study area 

This study was conducted on the farms located at Liagrend, Nyhus and Årnes that lie within 

Sauherad municipality in Telemark county of Norway (Fig. 1, Fig. 2). Geologically, all three 

farms have same bedrock called Charnockite (NGU, 2018a) and the underlying bedrock is 

covered by a layer of Holocene marine sediments (NGU, 2018c). 
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Figure 1: Sauherad municipality in Telemark county of Norway (Google, 2018b). 

 

Figure 2: Location of Liagrend, Nyhus and Årnes farm lands at Sauherad municipality (Google, 

2018a).  

Sauherad municipality, situated in the southern part of Norway, has relatively warm summers 

and cold winter with snowfall. Sauherad in the period of 1961 to 1990 had January with the 

lowest temperature (ca. -6 0C) and July with the highest temperature (ca. 16 0C). In the same 

way, rainfall varies from 40 mm to 90 mm round the year in the period of 1961-1990 (Fig. 3). 
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Figure 3: Average temperature and precipitation from 1961 to 1990 at Gvarv - Nes station in 

Sauherad municipality (eklima, 2018b). 

The Liagrend farm is divided into two parts as a small road passes through it (Fig. 4). Among 

these two parts, one is relatively smaller in size with less slope terrain whereas the larger part of 

the farm consists of steeper slopes providing good drainage facility for trees. The distribution of 

the sampled trees is well illustrated in Fig. 4 and the Liagrend farm has all the three apple 

cultivars (i.e. Red Aroma, Summerred and Discovery) that were studied during this research 

period. Liagrend farm stretches from around 60 m above sea level to 115 m above sea level and 

while observing the distribution of apples in this farm, Red Aroma and Summerred are planted in 

the area with altitude 100 m above sea level and Discovery is planted below that altitude. The 

location of Discovery on this farm is at 59022'31.11"N, 9016'00.36"E and Red Aroma as well as 

Summerred are located at 59022'31.76"N, 9016'03.56"E. 
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Figure 4: Approximate area of Liagrend farm (big polygon on left hand side shows cultivation 

area of Discovery (line A-B) whereas Red Aroma (line C-D) and Summerred (line E-F) are 

cultivated in a small polygon on right hand side) (NGU, 2018b).  

Nyhus farm is distinct from the other two farms as this farm is fragmented and consist of two 

areas lying apart from each other (Fig. 5). Among these two areas, one with Summerred is near 

by the road whereas the next area which is not exposed to the road has Red Aroma and 

Discovery. The area with Red Aroma and Discovery is more sloped terrain than the area with 

Summerred. The distribution of sampled trees in this farm can be seen in Fig. 5. Along with three 

apple cultivars that were studied, this farm grows other fruit trees too. The Nyhus farm extends 

from around 30 m above sea level to 90 m above sea level and within this farm, Summerred is 

cultivated at higher altitude whereas Red Aroma and Discovery are cultivated at lower altitude. 

The location of Discovery in this farm is at 59022'45.83"N, 9011'51.12"E, whereas Red Aroma is 

at 59022'50.36"N, 901157.17E and Summerred is at 59022'58.38"N, 9012'33.07"E. 
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Figure 5: Approximate area of Nyhus farm (small polygon on the right hand side shows 

cultivation area of Summerred (line E-F) and Red Aroma (line C-D) and, Discovery (line A-B) 

are cultivated on elongated polygon on the left hand side) (NGU, 2018b). 

Årnes farm is not fragmented like the previous two farms and this farm has relatively flat area to 

grow plants (Fig. 6). This makes the whole area uniformly exposed to sunlight and other 

environmental factors. The distribution of sampled trees in this farm can be seen in Fig. 6. Along 

with three apple cultivars that were studied during this research, Årnes grows some other types 

of fruit trees too. Årnes farm extends from around 30 m above sea level to 43 m above sea level 

but sampled trees lie close to 40 m above sea level. Discovery and Red Aroma in this farm are 

located at 59021'58.25"N, 9011'09.47"E, whereas Summerred is at 59021'58.54"N, 9011'06.12"E. 
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Figure 6: Approximate area of Årnes farm and distribution of apple cultivars i.e. Summerred 

(line E-F), Discovery (line A-B), Red Aroma (line C-D) (NGU, 2018b). 

Considering the area of apple cultivation, Årnes is the largest and Nyhus is the smallest farm. 

Moreover, each farm has all three apple cultivars and tagging can be found in first, fourth as well 

as seventh number of sampled trees (Fig. 7). 
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2.3 Data collection 

2.3.1 Phenology observation 

A standard diagram sheet (Kernobst-Phenology) (Höhn, April 2008) developed by Agroscope 

ACW was used in the process of phenological observation to make the collected data precise and 

consistent. In the field phenological stages such as green top, mouse ear, balloon stage, central 

bloom open, full bloom, pollination, fading and fruit diameter (10 mm) were observed and these 

stages are indicated in table 1 with an asterisk (*) sign. The description of these phenological 

stages in the standard diagram sheet is given in German language, which was translated to 

English using Google translator (Table 1). Although phenological observation was conducted 

from 15th of April to 3rd of June, in the month of May and June field work was carried out around 

three times a week as the majority of flower development stages occur in this period. 
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  Figure 7: Distribution of apple cultivars in the field and (1,2,3) tagging used for first, fourth 
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Table 1: Different stage of flower phenology (Höhn, April 2008). 

Code Stage Description  

A/1 Winter bud Bud is in rest and it is closed. 

 

 

 

 

 

B/2 Bud swelling Bud starts to get swelling and bud scales 

get longer. 

 

 

 

 

 

 

 

C/3 Green top* Bud starts to break-up and have some 

green leaves. 

 

 

 

C3/4 Mouse ear* 

 

Green leaf tips move upward from bud 

shells by 10 mm and first leaflets spread. 

 

 

 

D/5 Green bud Bud is still closed and single flowers start 

from each other to solve. 

 

 

 

E/6 Red bud Petals start to stretch and become visible. 

The sepals are also slightly open. 

 

 

 

 

E2/7 Balloon 

stage* 

Majority of the flowers look like balloon 

as bud gets swollen and is not covered. 

 

 

 

 

F/8 Central bloom 

open* 

Flowering starts: about 10% of the 

flowers are open. 

 

 

 

 

F2/9 Full bloom* At least 50% of the flowers are open and 

petals fall off start. 
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Observation in the field 

From each farm 27 apple trees were observed, including nine trees per apple cultivar i.e. 

Red Aroma, Summerred and Discovery. The sampled trees were predetermined based on 

a previous study (Wistedt, 2016). One-third of the sample trees were tagged with number 

(one, two and three) in the field, which allows an easy identification of individuals (Fig. 

8). 

Total number of samples (apple trees) studied from three farms = (Number of the farms) 

(Number of apple cultivars) (Number of trees representing each type of apple cultivars in one 

farm) 

    = (Three) (Three) (Nine) 

    = 81 apple trees 

 

 

G/10 Pollination*  

 

 

 

 

 

 

 

 

H/11 Fading* At least 80% of the petals have fallen off. 

 

 

 

 

 

 

 

 

I/12 Fruit diameter 

(10 mm) * 

Fruits develop to 10 mm diameter. 

 

 

 

 

 

 

After this stage, fruit matter starts to grow in diameter (>10 mm). 
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Figure 8: Tagging for sampled apple cultivars in the field. 

2.3.2 Weather data 

For this study, weather data was gained from the station, GVARV-NES (Station number : 32060) 

that lies at the altitude of 93 m above sea level and is the nearest station to all three farms  (NMI, 

2017). Weather data for GVARV-NES was provided by eklima.no. This weather data was used 

to calculate temperature at all three respective farms using a lapse rate of 100 m rise in altitude 

causing a fall in temperature with 0.65 0C (Britannica, 2016; Gratz, 2016; SMHI, 2012). Table 2 

presents the temperature difference of each farm from GVARV-NES station and this table is 

used to calculate actual maximum and minimum temperature of a day at respective altitude at 

which apple cultivars are cultivated. For the phenological development in a tree, temperature 

above a certain threshold/base temperature is required. Different threshold temperatures are 

being considered in several studies (Cannell & Smith, 1986; Slafer & Savin, 1991; Valentini et 

al., 2001). Most of the studies in Norway use 5 0C as threshold temperature and the Norwegian 

meteorological institute also uses 5 0C to calculate growing degree days (GDD) (eklima, 2018a). 

Hence, this study uses 5 0C as threshold temperate. With the use of maximum and minimum 

temperature of a day and threshold temperature, GDD were calculated in the following way; 

GDD = [Maximum temperature (TAX) + Minimum temperature (TAN)]/2 - threshold 

temperature (5 0C) 

GDD are the temperatures above a threshold temperature within 24 hours (Herms, 2004) and 

different approaches can be used to calculate it. The way in which GDD are calculated in this 

study is termed as the average method (Herms, 2004). Calculation of GDD was followed by the 



 

14 
 

calculation of cumulative growing degree days (CGDD). During the calculation of CGDD, only 

positive values of GDD were added from the successive Julian days, while the negative values of 

GDD were replaced by value zero. During the field work of this study, phenological stages 

observed were recorded with respect to Julian days. So, in the initial stage CGDD were 

calculated for each individual day in a year and then CGDD were attributed to each phenological 

stage based on the Julian day in which phenological stage was observed. 

Although Wistedt (2016) used maximum temperature (TAX) and mean temperature (TAM), to 

find out the relationship of temperature with phenological development, this study uses CGDD 

instead of TAX and TAM. CGDD are more precise than Julian days to predict about the 

phenological development and can be used for the phenological study of plants (Miller et al., 

2001). 

Table 2: Calculation of temperature difference from the weather station (93 m) according to 

lapse rate.  

Farm Apple cultivar Altitude (m) Temperature difference 

according to lapse rate 

(0.65 0C/100 m) 

 

Liagrend 

Red Aroma 105 -0.08 0C 

Summerred 108 -0.10 0C 

Discovery 99 -0.04 0C 

 

Nyhus 

Red Aroma 53 +0.26 0C 

Summerred 87 +0.04 0C 

Discovery 37 +0.36 0C 

 

Årnes 

Red Aroma 40 +0.34 0C 

Summerred 40 +0.34 0C 

Discovery 39 +0.35 0C 

 

2.4 Statistical analysis 

Microsoft Excel 2007, Statistical Package for the Social Sciences (SPSS) and R were used for 

statistical analysis. These tools were employed to present data graphically as well as to conduct 

statistical tests. Spearman's rank correlation was used to know about the relationship between 

phenological development and CGDD. Wilcoxon signed ranks test was used to know about 

variation in phenological development of apple cultivars in 2015 and 2016 with respect to 

CGDD. In the same way, Wilcoxon signed ranks test was used to find variation in phenological 

development within apple cultivars and farms in 2016. CGDD and monthly mean temperature of 

two years i.e. 2015 and 2016 were compared with the help of a paired sample t-test. For all the 

statistical tests, a confidence interval of 95% was taken.  
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3. RESULTS 

3.1 Phenological development in 2016 

3.1.1 Liagrend 

While observing the phenological development in apple cultivars at Liagrend, it is clear that 

different temperatures are required by cultivars to gain various phenological stages. Among three 

apple cultivars, Red Aroma and Discovery require almost the same CGDD to reach the green top 

stage whereas with the similar CGDD Summerred can reach the mouse ear stage. Moving from 

green top stage to fruit diameter (10 mm) stage, Discovery starts its initial development together 

with Red Aroma but later on, its phenological development is similar to Summerred (Table 3). 

Table 3: Phenological development of apple cultivars at Liagrend with respective Julian days 

and Cumulative Growing Degree Days (CGDD). 

Phenological stage Red Aroma Summerred Discovery 

Julian 

Days 

CGDD 

(0C) 

Julian 

Days 

CGDD 

(0C) 

Julian 

Days 

CGDD 

(0C) 

Green top 106 44.84   106 45.92 

Mouse ear   106 44.30   

Balloon stage 137 160.44     

Central bloom open 140 185.75   137 162.53 

Full bloom 144 215.23 140 184.65 140 187.96 

Pollination  148 259.06 146 233.10 144 217.6 

Fading 153 320.11 148 257.80 151 293.07 

Fruit diameter (10 mm)   155 346.90 155 351.11 

 

Although phenological development (green top stage) of Red Aroma starts together with 

Discovery, later they never coincide. In contrast to that, the phenological development of 

Discovery and Summerred coincides several times while moving from the green top stage to the 

fruit diameter (10 mm) stage (Fig. 9). 
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Figure 9: Phenological development of three apple cultivars at Liagrend (A), (B). 

3.1.2 Nyhus 

At Nyhus farm, phenological development of Summerred and Discovery is relatively similar 

when compared with Red Aroma (Table 4). As seen at Liagrend farm, Red Aroma requires more 

CGDD and uses more Julian days than Summerred and Discovery to reach all the phenological 

stages from green top stage to fruit diameter (10 mm) stage at this farm. 

Table 4: Phenological development of apple cultivars at Nyhus with respective Julian days and 

Cumulative Growing Degree Days (CGDD).  

Phenological stage Red Aroma Summerred Discovery 

Julian 

Days 

CGDD 

(0C) 

Julian 

Days 

CGDD 

(0C) 

Julian 

Days 

CGDD 

(0C) 

Green top       

Mouse ear   106 48.08 106 56.78 

Balloon stage 137 178.49     

Central bloom open 140 204.82   137 183.95 

Full bloom 144 235.66 140 192.44 140 210.58 

Pollination 148 280.85 144 222.40 144 241.82 

Fading 155 372.47 148 266.71 148 287.41 

Fruit diameter (10 mm)   155 356.79 155 379.73 

 

While moving from green top stage to fruit diameter (10 mm), phenological development of 

Summerred sometimes overlaps with phenological development of Discovery, but the 

phenological development of Red Aroma never coincides with the phenological development of 

other two apple cultivars (Fig. 10). 
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Figure 10: Phenological development of three apple cultivars at Nyhus (A), (B).  

3.1.3 Årnes 

All three apple cultivars at Årnes use CGDD and Julian days to reach a particular phenological 

stage. Looking at each case, Summerred and Discovery have significant similarities while 

developing from green top stage to fruit diameter (10 mm) stage in comparison to Red Aroma 

(Table 5). 

Table 5: Phenological development of apple cultivars at Årnes with respective Julian days and 

Cumulative Growing Degree Days (CGDD).  

Phenological stage Red Aroma Summerred Discovery 

Julian 

Days 

CGDD 

(0C) 

 Julian 

Days 

CGDD 

(0C) 

Julian 

Days 

CGDD 

(0C) 

Green top 106 56.22     

Mouse ear   106 56.22 106 56.50 

Balloon stage 137 182.85     

Central bloom open 140 209.42   140 210.00 

Full bloom 144 240.58 140 209.42 144 241.20 

Pollination 148 286.09 146 260.51 146 261.15 

Fading 155 378.27 151 318.71 151 319.40 

Fruit diameter (10mm)   155 378.27 155 379.00 

 

At Årnes, Summerred and Discovery start mouse ear stage together using almost same CGDD 

and same Julian days and this can be seen while reaching fruit diameter (10 mm) stage too 
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although some inter-lying stage in between these two stages were attained in various days using 

different CGDD. In addition to this, phenological development process of Red Aroma coincides 

with development of Discovery at some point (Fig. 11), in contrast to the results at Nyhuus farm. 

 

 

Figure 11: Phenological development of three apple cultivars at Årnes (A), (B).  

3.1.4 Relationship between phenological development and CGDD 

To know the relationship between phenological development and CGDD, Spearman's rank 

correlation test was conducted (Annex I) and the result from this test gives, a p-value of less than 

0.05 in each individual case. This helps to conclude that, as expected, the phenological 

development of apple cultivars have a relationship with CGDD i.e. phenological development 

depends on CGDD. It looks natural that, with the increase in CGDD phenological development 

will be moving from lower stage to higher stage but the Spearman’s rank correlation coefficient 

of positive one in each individual case provides basis to say certain degree rise in CGDD has an 

equivalent proportion of development in phenology too. Hence, we reject H1 in this case i.e. 

phenological development has a strong positive relationship with CGDD. 

3.1.5 Variation of phenological development within apple cultivars and farms 

As discussed in 3.1.4, the phenological development of apple cultivars depends on temperature, 

but to know, if all the apple cultivars have the same trend of the phenological development, the 

Wilcoxon signed rank test was conducted (Annex IV). We find that, the phenological 

development of Red Aroma is statistically late by ca. 4 days from the Summerred and ca. 3.5 

days from Discovery (Table 6). However, the phenological development of Summerred is not 

significantly different from the phenological development of Discovery. The p-value of more 
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than 0.05 in the case of Summerred and Discovery helps to say, they do not have difference in 

phenological development (Annex IV). 

Table 6: Mean Julian day of phenological development calculated for; (I) apple cultivars and 

(II) farms [using phenological stage from full bloom to fading]. 

 Mean Julian day 

 

I 

 

Apple cultivars 

Red Aroma 148.78 

Summerred 144.78 

Discovery 145.33 

 

II 

 

Farms 

Liagrend 146.00 

Nyhus 145.67 

Årnes 147.22 

 

In addition to this, a Wilcoxon signed rank test was performed to know about the variation in 

phenological development within farms (Annex IV). The result for the farms shows that, 

phenological development at Årnes is late by ca. 1.55 days from the phenological development at 

Nyhus (Table 6). However, the timing of phenological development at Liagrend is not 

statistically different from the phenological development at Nyhus and Årnes (Annex IV). 

3.2 Phenological development in 2015 compared to 2016 

Another aim of this study is to find variation in year to year phenological development. To gain 

this objective, phenological data from 2015 and 2016 were used, but the phenological data from 

2015 includes the phenological stage from green top to fruit diameter (30 mm), whereas 

phenological data from 2016 includes phenological stage from green top to fruit diameter (10 

mm). 

3.2.1 Liagrend 

At the Liagrend farm, the phenological development of apple cultivars in one year differs from 

the next year, but at some point, phenological development of one-year overlaps with the 

phenological development of the next year. In the case of Red Aroma in 2016, phenological 

development looks to be forward at green top stage and fruit diameter (10 mm) stage but during 

the phenological development in between these two stages, phenological development in 2015 

moves ahead with less Julian days. Phenological development of Summerred is a bit similar to 

Discovery at this farm. In both the apple cultivars, the phenological development in 2016 is 

slower at initial phase of development but later on phenological development in 2016 moves 

ahead of 2015 (Fig. 12). 
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Figure 12: Phenological development of three apple cultivars at Liagrend in 2015 and 2016 with 

Julian day (A), (B), (C). 

3.2.2 Nyhus 

Red Aroma at this farm in 2016 reached the fruit diameter (10 mm) stage earlier than in 2015, 

although the phenological development in 2016 is late before this stage in 2015. Furthermore, the 

phenological development of Summerred and Discovery at this farm is different from the 

previous farm as most of the time phenological development in 2015 overlaps with the 

phenological development in 2016 (Fig. 13). One thing is similar in all the apple cultivars at this 

farm i.e. phenological development in 2016 is late at the initial stage but later on, it moves ahead 

of the phenological development in 2015. 
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Figure 13: Phenological development of three apple cultivars at Nyhus in 2015 and 2016 with 

Julian day (A), (B), (C). 

3.2.3 Årnes 

Phenological development of Red Aroma at Årnes is almost similar to the phenological 

development of Red Aroma at Liagrend. In addition to this, phenological development of 

Summerred in 2016 at this farm reached the fruit diameter (10 mm) stage earlier than in 2015, 

whereas the phenological stages before fruit diameter (10 mm) stage in 2016 are late in 

compared to 2015. Phenological development of Discovery in 2015 does not completely overlap 

with the phenological development in 2016, although phenological development of Discovery in 

both the years 2015 and 2016 seems to move almost together before the full bloom stage. After 

full bloom stage, the phenological development in 2016 moves faster than in 2015 (Fig. 14). 
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Figure 14: Phenological development of three apple cultivars at Årnes in 2015 and 2016 with 

Julian day (A), (B), (C). 

3.2.4 Variation of phenological development in 2015 compared to 2016 

To know the variation of phenological development in 2015 with respect to 2016, a Wilcoxon 

signed rank test was carried out (Annex V). The result of the statistical test gives a p-value of 

less than 0.05 only for variation in Discovery but the p-values for other two apple cultivars as 

well as farms are greater than 0.05. In this situation it can be said that, phenological development 

of Discovery in 2015 varies from phenological development of Discovery in 2016, whereas the 

phenological development in the other two apple cultivars and farms do not differ statistically. 

The phenological development of Discovery in 2016 differs from the phenological development 

of Discovery in 2015 by ca. 3.23 days (Table 7). 
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Table 7: Mean Julian day of phenological development calculated for; (I) apple cultivars and 

(II) Farms in the year 2015 and 2016 [using phenological stage from full bloom to fading]. 

 Mean Julian day 

2015 2016 

 

I 

 
Apple cultivars 

Red Aroma 149.00 146.83 

Summerred 145.57 144.71 

Discovery 148.56 145.33 

 

II 

 
Farms 

Liagrend 146.50 146.25 

Nyhus 148.43 145.57 

Årnes 148.43 146.86 

 

Calculated values in Table 7 for mean Julian days are different from the values in Table 6 and it 

has the reason behind it; 

While making calculation in Table 7, only the data were taken for phenological stage that were 

observed in both the years 2015 and 2016, (i.e. if a particular phenological stage is observed in 

only one year instead of both, that phenological stage was not used for calculation). 

3.3 Study of CGDD and monthly mean temperature in the year 2015 and 2016 

3.3.1 Variation of CGDD in the year 2015 with 2016 

Beyond the phenological development, this study tries to investigate the variation in CGDD of 

two consecutive years i.e. 2015 and 2016. For the study of CGDD during phenological 

development in apple cultivars, the temperature from January first (Julian day = 1) to July 10 

(Julian day = 191) was used. 

At all three farms, CGDD move in a mixed way before Julian day 130 (approximately) i.e. 

sometimes CGDD in 2015 is greater than 2016 in the certain period of Julian days and vice versa 

but after Julian day 130 (approximately), CGDD of 2016 starts to be greater than CGDD of 

2015. Along with this, CGDD of 2016 remains greater than CGDD of 2015 at all three farms 

while reaching to Julian day 191 (Fig. 15). In a similar way as in Fig. 15, at all three farms for each 

apple cultivars, CGDD moves in a same way with some degree of difference based on Table 2. 



 

24 
 

 

Figure 15: Cumulative growing degree days (CGDD) with Julian day at Liagrend (Red Aroma). 

To find out, if some variation exists in between CGDD of two consecutive years, a paired sample 

t-test was used (Appendix VI) and the result of the test gives, p-values of less than 0.05. This 

helps to conclude that, CGDD of 2015 are different from CGDD of 2016. Hence, H3 is rejected 

i.e. CGDD of the year 2015 is different from the year 2016. On average, CGDD in 2015 are less 

by 30.89 0C than CGDD in 2016 while moving from Julian day 1 to Julian day 191 (Table 8). 

Table 8: Mean CGDD at three farms (from Julian day 1 to Julian day 191) for different apple 

cultivars (Red Aroma, Summerred and Discovery) in the year 2015 and 2016. 

Farm Apple cultivar Mean CGDD 

2015 2016 

 

Liagrend 

Red Aroma 110.92 141.85 

Summerred 110.31 141.22 

Discovery 112.15 143.10 

 

Nyhus 

Red Aroma 121.73 152.65 

Summerred 114.61 145.64 

Discovery 125.07 155.89 

 

Årnes 

Red Aroma 124.41 155.25 

Summerred 124.41 155.25 

Discovery 124.74 155.57 

Average 118.71 149.60 

 

3.3.2 Variation of monthly mean temperature in the year 2015 and 2016 

In addition to CGDD, a comparative study was made to know about the variation in monthly 

mean temperature from the years 2015 and 2016 at GVARV-NES station. Monthly mean 

temperatures in 2016 had greater fluctuations than the monthly mean temperatures in 2015 (Fig. 

16). In 2015, January have monthly mean temperature of ca. 0 0C and this continues to rise till 
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July, but after July monthly mean temperature starts to fall and in December, it reaches to 1.4 0C 

(Annex X). In contrast to 2015, 2016 has January with monthly mean temperature of -5.2 0C that 

continuously grows till June and after July, monthly mean temperature starts to decline and 

reaches to ca. 0 0C in December (Annex X). While observing monthly mean temperature 

collectively from both the years 2015 and 2016, temperature from mid-April to July (i.e. spring) 

is higher in 2016 than 2015. This high monthly mean temperature during the spring in 2016 

compared to 2015 is reflected through CGDD values from Julian day 130 onwards (Fig. 15). 

Along with this, monthly mean temperature of 2015 and 2016 was compared with the average 

monthly mean temperature (approximate) from the period of 1961-1990. 

 

Figure 16: Variation of monthly mean temperature in 2015 and 2016. 

To know the variation in monthly mean temperature paired sample t-test was conducted. Paired 

sample t-test gives a p-value of 0.793 while looking for the variation of phenological 

development in 2015 and 2016. The p-value of 0.793 is greater than 0.05 and helps to conclude, 

monthly mean temperature of 2015 is not statistically different from the monthly mean 

temperature of 2016. Along with this, paired t-test gives a p-values of 0.134 and 0.031 

respectively for the year 2016 and 2015, while studying variation with monthly mean 

temperature from the period of 1961-1990. These p-values are also greater than 0.05 and helps to 

conclude, monthly mean temperatures of 2015 and 2016 are not statistically different from 

monthly mean temperature from the period of 1961-1990. 
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4. DISCUSSION 

4.1 Phenological development in relation to CGDD (temperature) in 2016 

Temperature controls the growth of plants and plays an important role for their phenological 

development (Medel et al., 2012; Saxe et al., 2001). Nordli et al. (2008) mentions that 

particularly the early phenological development in plants is strongly correlated with temperature. 

Instead of using temperature, we used CGDD to study the relationship between phenological 

development and temperature. CGDD or heat sum is the sum of average daily temperature above 

a certain threshold temperature (Ghelardini et al., 2006; Hunter & Lechowicz, 1992). The 

dependency of phenological development on temperature can be seen in this study too, i.e. 

CGDD has a strong positive correlation with the phenological development in the stage green top 

to the fruit diameter (10 mm) stage (Annex I). In a similar way, Wistedt (2016) in Sauherad 

using the same apple trees i.e. sample tress, as in our study finds a linear relationship between 

temperature and phenological development while phenological development proceeds from 

green top stage to fruit diameter (>20 mm). In addition to this, our study shows that, plants need 

a specific CGDD to reach a particular phenological stage. Miller et al. (2001) also mention that 

plants require a certain temperature to move from one phenological stage to the next 

phenological stage. This makes CGDD useful to know about phenological development and 

Miller et al. (2001) mention CGDD is more helpful than Julian days to predict about 

phenological development. 

Although, CGDD plays an important role in the phenological development of all considered 

three apple cultivars, the trend of phenological growth in these three apple cultivars are not 

similar in our study. Red Aroma is comparatively late in phenological development with respect 

to Summerred and Discovery at all three farms in 2016, i.e. Summerred and Discovery can gain 

a phenological stage of a higher level than Red Aroma utilizing the same CGDD (Table 6). 

Wistedt (2016) also shows phenological development of Red Aroma is late compared to 

Summerred and Discovery in Sauherad in 2015. Along with this, a study by Casique (2015) at 

Ås in Norway, classifies Red Aroma, Discovery and Summerred as late flowering, mid-season 

flowering and early flowering respectively. Concluding all the studies together, it can be said that 

Red Aroma is late in phenological development compared to Summerred and Discovery. 

However, our study does not show significant difference in phenological development of 

Summerred compared to Discovery. Our study shows that, in the year 2016 phenological 

development of Red Aroma is late by ca. 4 and 3.5 days compared to Summerred and Discovery, 

respectively (Table 6). Beyond the CGDD, Julian days have also a strong positive relationship 

with phenological development (Annex II). The reason behind this strong positive relationship 

between CGDD and phenological development as well as Julian days and phenological 

development is a strong positive relationship between Julian days and CGDD (Annex III). 

Our study shows that the, phenological development of apple cultivars at Årnes farm located at 

low altitude is statistically late by ca. 1.55 days relative to the Nyhus farm located relatively at 

higher altitude in the year 2016. This contrasts with, a study by Nordli et al. (2008) that shows 
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for the period of 1965-2005, the deciduous trees with same genotype planted in different part of 

Norway, plants at lower altitude have earlier phenological development. Altitude is not only a 

sole reason to decide phenological development, as shown by Oteros et al. (2013), who found 

that local olive phenology in Spain depends on orientation of farm, precipitation and air 

temperature. So, the reason behind late phenological development at Årnes can be various 

environmental factors beyond altitude. However, the phenological development of apple 

cultivars at Liagrend is not significantly different from Nyhus and Årnes (Annex IV).  

4.2 Variation in phenological development, CGDD and monthly mean 

temperature 

Our study shows that phenological development in 2015 does not differ statistically from the 

phenological development in 2016 while looking at the holistic development of all three apple 

cultivars in Sauherad. However, Wolfe et al. (2005) claim that phenological development has 

been shifting in the recent time period. Though, in the individual case, phenological development 

of Discovery in 2015 is late by ca. 3.23 days compared to the year 2016, while remaining the 

same in Red Aroma and Summerred. Our study has data from only two years and it is difficult to 

analyze precisely the variation in phenological development using data from very short period of 

time. So, our study is unable to build concretely an idea about variation in phenological 

development. Along with this, Nordli et al. (2008) says that, it is easy to observe variations of 

phenological development in long  time series data i.e. it is good to have data from multiple 

years to get a clue regarding differences in phenological development. 

In addition to variation in phenological development, our study tries to look for differences in 

CGDD in between the year 2015 and 2016. The result of the study shows that, the CGDD of 

2015 differs from the CGDD of 2016 (Annex VI). While looking at the CGDD from Julian day 1 

to Julian day 191, Julian day in 2016 has 30.89 0C more in average than compared to Julian day 

in 2015 (Table 8). At the same time, monthly mean temperatures from mid-April to July in 2016 

are greater than in 2015 (Fig. 16). However, looking at the entire year, the monthly mean 

temperatures remain the same in both the year 2015 and 2016 (p-value > 0.05). In the same way 

Karmeshu (2012) in USA also shows that the, temperature of one year may not significantly 

differ from another year due to internal variability in the climate system. So, it is not always 

obvious that temperature in one year varies from the next year. 

Although, this study shows similar temperatures in two consecutive years 2015 and 2016, a 

decadal change in temperature can be seen. The IPCC (2007a) shows that, global temperature 

has been rising in recent decades and these temperatures have increased by 0.55 0C after 1970. 

Along with the IPCC, some other studies also support the idea of an increase in global 

temperature (Fig. 17) and in the similar way increasing trend of temperature can be seen in 

whole Europe during the late 20th and early21st century compared to the temperature of past 1500 

years of time (Luterbacher et al., 2004). The trend of increasing temperature can be seen in 

Norway too. Based on the global future projections for the increase in temperature made by the 
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IPCC, Hanssen-Bauer et al. (2017) also makes a projection for temperature rise in Norway and 

different counties within Norway. Fig. 18 shows the increasing trend of temperature in Telemark 

county, since 1900 to 2015 and along with this, it presents a projection of temperature in the near 

future also. All these scenarios make clear that, temperature is following an increasing trend. 

 

Figure 17: Temperature change in the recent decades globally, thin line in the figure represents 

annual data and thick line represents the line for mean from five years data (Source: (NASA, 

2011)).  

Figure 18: Deviation of annual temperature from 1900 to around 2015 and future projection of 

rise in temperature at Telemark county (Source: (Klimaservicesenter, 2016)). 
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4.3 Phenological development of apple and CC 

CC causes variation in phenological development (Cleland et al., 2007) and sometimes global 

CC can bring devastating situations in agricultural sector through great economic loss to farmers 

(Garbrecht & Schneider, 2005). A study by Darbyshire et al. (2017) consisting of 14 different 

sites shows apple has different flowering times based on winter and spring temperature. 

However, phenological development depends on apple cultivars too (Petri et al., 2012). Still, 

apple phenology differs from one place to next on the entire globe. Phenological development is 

shifting earlier in many parts of the world. In a similar way, earlier shifts of phenological 

development can be seen in Europe too (Eccel et al., 2009; Guedon & Legave, 2008). 

Along with phenological development, CC plays an important role for the productivity of apples. 

Many countries with a temperate climate for apple farming are facing problems with the increase 

in temperature as it causes reduced time for chilling as well as unusual water availability. 

Chilling is a time duration below certain temperature required by apple trees to come out of 

dormancy and it plays an important role for bud break (Gardea et al., 2000; Young, 1992).  

These effects of CC have caused a decrease in apple production in countries like, India (Singh et 

al., 2016), Pakistan (Asghar et al., 2012) and United States of America (Wang et al., 2017). 

Regarding Europe, increases in temperature has some positive impacts along with negative 

(Olesen et al., 2011) and basically in northern Europe apple cultivation land gets expanded 

(Olesen & Bindi, 2002) but some of the countries like Bulgaria, Romania, Serbia and few more 

countries get adversely affected by CC (Olesen et al., 2011). Although, Europe has some positive 

impacts of CC, its overall consequences has negative impacts in Europe (Olesen et al., 2011).  

Poland produces the largest amount of apples within Europe (Lemanowicz & Krukowski, 2009), 

and a study by Wypych et al. (2017) in Poland predicts that inconsistency in temperature 

increases frequency of spring frost in apple. Along with Poland, apple cultivation in other 

European countries are also tackling with impacts of CC and it is one of the important issues in 

Europe. Moreover, Olesen et al. (2011) shows that farmers in Europe have started to use suitable 

cultivars and bring change in cultivation time to cope with effects of CC. According to Rai et al. 

(2015) and Manandhar et al. (2014), apple is shifting its range of distribution towards higher 

elevation and altitude in response to rising temperatures. Shifting of the range that creates a 

favorable environment for apple growth will certainly increase the area suitable for apple 

cultivation in Norway. The area of apple cultivation in Norway have increased in the present 

decade (Statista, 2018a) and this evidence also supports the idea of an increase in the area for 

apple cultivation. 

4.4 Apple phenology in Sauherad 

The result of this study shows that phenological development in Sauherad in both the years 2015 

and 2016 are not statistically different from each other when considering all data from the three 

cultivars together. However, in the individual cases the phenological development of Discovery 

has shifted earlier by ca. 3.23 days in the year 2016 compared to 2015 (Table 7). In addition to 

this, CGDD of the year 2015 statistically varies from CGDD of 2016 in Sauherad at all three 
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farms for each apple cultivar (Table 8). When considering the situation of CGDD and 

phenological development together, we see that although CGDD varies, the phenological 

development remains the same. Based on this result, our study concludes that various 

environmental factors such as, soil, precipitation and altitude along with the temperature play a 

role to alter phenological development in Sauherad. In the similar way, Cole and Sheldon (2017) 

also mention that different environmental factors like soil type and altitude play an important 

role to determine phenological development of deciduous trees beyond the temperature. 

However, earlier shift of phenological development in the year 2016 compared to 2015 exists at 

Sauherad for Discovery and this shift in phenological development shows that Discovery 

responds in a different way to the environmental factors than Red Aroma and Summerred. A 

study by Massonnet et al. (2007) shows that apple cultivars can respond to a particular 

environmental component in diverse ways and their research finds two different apple cultivars 

use water in different quantity due to difference in stomatal structure. As apple cultivars respond 

in different ways to environmental factors, there exists a probability to have differences in 

phenological development among apple cultivars too. In our case, Discovery may have 

responded to environmental factors in a different way than Red Aroma and Summerred. So, Red 

Aroma and Summerred do not have difference in phenological development between the years 

2015 and 2016 but Discovery have difference in phenological development between the years 

2015 and 2016. 

 

Figure 19: Deviation of annual precipitation (%) from 1900 to around 2015 and future 

projection of rise in precipitation at Telemark county (Source: (Klimaservicesenter, 2016)).  
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Environmental factors are changing at a global level as well as a local level. In the case of 

Sauherad municipality (Telemark county) also several environmental factors are changing. 

According to Klimaservicesenter (2016), at the end of 21st century environmental factors in 

Telemark county will have several changes such as; rise in annual temperature by ca. 4 0C, 

increase in growing season length by 1-3 months, along with the rise in precipitation by ca. 15 % 

and change in the duration of snow cover. As annual temperature is going to rise in Sauherad 

area, it can have negative consequences for apple cultivars that require a long chilling period and 

possibly apple cultivars growing well at present may not be useful after few decades. In addition 

to this, Fig. 18 and Fig. 19 help to visualize the situation of temperature and rainfall in coming 

years. All these facts show that, environmental parameters will be continuously changing in 

coming year. So, the phenological development of apples is expected to have some fluctuations 

in the near future in Sauherad in response to environmental factors. Moreover, a study by Rivero 

et al. (2017) shows that apple phenology has shifted earlier in southern part of Norway in 

response to temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

32 
 

5. CONCLUSIONS 

This study deals with the phenological development of three apple cultivars (Red Aroma, 

Summerred and Discovery) and CGDD in Sauherad municipality in southern part of Norway and 

adds knowledge about year to year phenological development in relation to temperature. 

This study shows that, CGDD plays an important role for the phenological development of all 

three apple cultivars at three different farms (Liagrend, Nyhus and Årnes) in the year 2016. 

However, the study shows that phenological development of Red Aroma is late compared to 

Summerred and Discovery by ca. 4 and 3.5 days respectively. Along with the variation in 

phenological development of apple cultivars, phenological development varies among farms 

also. Årnes farm is late by ca. 1.55 days in phenological development compared to Nyhus. 

Though, phenological development at Liagrend farm is not statistically different from Nyhus and 

Årnes farm. 

The next finding of this research confirms that phenological development of Discovery in 2015 

differs from 2016, but in the case of the other two apple cultivars and three farms, phenological 

development in 2015 does not differ statistically from 2016. Based in this study, phenological 

development of Discovery in 2015 is ca. 3.23 days late than phenological development of 

Discovery in 2016. 

Another important query of this research is to know about changes in CGDD and monthly mean 

temperature. This study suggests CGDD of 2015 differs from the CGDD of 2016 in the period of 

Julian day 1 to Julian day 191 (i.e. mid July), whereas on an annual basis, the monthly mean 

temperature of 2015 do not differ statistically from the monthly mean temperature of 2016. In 

this situation, it is really hard to say something about the trend of CC in Sauherad, only 

observing temperature from two consecutive years. At the same time, variations in CGDD 

provides some clue about changes in temperature and this process on the long-term can bring 

change in climate. 

This study shows that, phenological development of Red Aroma is statistically different from 

Summerred and Discovery in the year 2016, but further research should be carried out to know 

about differences between phenological development of Summerred and Discovery too. In 

addition to this, our study finds that apple cultivars at Liagrend and Nyhus are later in 

phenological development than apple cultivars at Årnes. This suggests it is important to look at 

apple production based on the difference in the phenological development at different farms. The 

detailed information about phenological development of apple cultivars and its production in 

Sauherad will help farmers in the near future to design their farms for the maximum production 

of apples. Along with this, to draw conclusions about temperature change, we should try our best 

to use temperature data from as many years (≥ 30 years) as IPCC recommends. Therefore, a 

long-term monitoring of apple tree phenological development and CGDD in Sauherad is 

recommended. 
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ANNEXES 

Annex I Spearman’s rank correlation coefficient and p-value for the relationship between 

phenological development and CGDD. 

Farm Apple cultivar Spearman’s rank 

correlation coefficient 

P-value 

 

Liagrend 

Red Aroma 1 0.003 

Summerred 1 0.017 

Discovery 1 0.017 

 

Nyhus 

Red Aroma 1 0.017 

Summerred 1 0.017 

Discovery 1 0.003 

 

Årnes 

Red Aroma 1 0.003 

Summerred 1 0.017 

Discovery 1 0.003 

 

Annex II Spearman’s rank correlation coefficient and p-value for the relationship between Julian 

day and phenological development. 

Farm Apple cultivar Spearman’s rank 

correlation coefficient 

P-value 

 

Liagrend 

Red Aroma 1 0.003 

Summerred 1 0.017 

Discovery 1 0.003 

 

Nyhus 

Red Aroma 1 0.017 

Summerred 1 0.017 

Discovery 1 0.003 

 

Årnes 

Red Aroma 1 0.003 

Summerred 1 0.017 

Discovery 1 0.003 
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Annex III Spearman’s rank correlation coefficient and p-value for the relationship between 

CGDD and Julian day. 

Farm Apple cultivar Spearman’s rank 

correlation coefficient 

P-value 

 

Liagrend 

Red Aroma 1 0.003 

Summerred 1 0.017 

Discovery 1 0.003 

 

Nyhus 

Red Aroma 1 0.017 

Summerred 1 0.017 

Discovery 1 0.017 

 

Årnes 

Red Aroma 1 0.003 

Summerred 1 0.017 

Discovery 1 0.003 

 

Annex IV P-value to know variation of phenological development in 2016 within (I) three apple 

cultivars and (II)three farms. 

I II 

Apple cultivar P-value Farm P-value 

Red Aroma-Summerred 0.007 Liagrend-Nyhus 0.414 

Summerred-Discovery 0.285 Nyhus-Årnes 0.066 

Discovery-Red Aroma 0.010 Årnes-Liagrend 0.041 

 

Annex V P-value to know variation of phenological development in the year 2015 with respect to 

2016 at (II) three farms along with three (I) different apple cultivars. 

I II 

Apple cultivar P-value Farm P-value 

Red Aroma 0.339 Liagrend 0.723 

Summerred 0.796 Nyhus 0.114 

Discovery 0.020 Årnes 0.340 

 

Annex VI P-value to know about variation of CGDD in the year 2015 with respect to 2016 (from 

the Julian day 1 to Julian day 191). 

Farm Apple cultivar P-value 

 

Liagrend 

Red Aroma 0.000 

Summerred 0.000 

Discovery 0.000 

 

Nyhus 

Red Aroma 0.000 

Summerred 0.000 

Discovery 0.000 
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Årnes 

Red Aroma 0.000 

Summerred 0.000 

Discovery 0.000 

 

Annex VII CGDD at Liagrend in the year 2016 and 2015 for three apple cultivars. 

Julian 
day 
  

Red Aroma (CGDD) 
  

Summerred (CGDD) 
  

Discovery (CGDD) 
  

2016 2015 2016 2015 2016 2015 

1 0 0 0 0 0 0 

2 0 0 0 0 0 0 

3 0 0 0 0 0 0 

4 0 0 0 0 0 0 

5 0 0 0 0 0 0 

6 0 0 0 0 0 0 

7 0 0 0 0 0 0 

8 0 0 0 0 0 0 

9 0 0 0 0 0 0 

10 0 0 0 0 0 0 

11 0 0 0 0 0 0 

12 0 0 0 0 0 0 

13 0 0 0 0 0 0 

14 0 0 0 0 0 0 

15 0 0 0 0 0 0 

16 0 0 0 0 0 0 

17 0 0 0 0 0 0 

18 0 0 0 0 0 0 

19 0 0 0 0 0 0 

20 0 0 0 0 0 0 

21 0 0 0 0 0 0 

22 0 0 0 0 0 0 

23 0 0 0 0 0 0 

24 0 0 0 0 0 0 

25 0 0 0 0 0 0 

26 0 0 0 0 0 0 

27 0 0 0 0 0 0 

28 0 0 0 0 0 0 

29 0.32 0 0.3 0 0.36 0 

30 0.32 0 0.3 0 0.36 0 

31 0.32 0 0.3 0 0.36 0 

32 0.32 0 0.3 0 0.36 0 

33 0.32 0 0.3 0 0.36 0 
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34 0.32 0 0.3 0 0.36 0 

35 0.32 0 0.3 0 0.36 0 

36 0.32 0 0.3 0 0.36 0 

37 0.32 0 0.3 0 0.36 0 

38 0.32 0 0.3 0 0.36 0 

39 0.32 0 0.3 0 0.36 0 

40 0.32 1.02 0.3 1 0.36 1.06 

41 0.32 1.02 0.3 1 0.36 1.06 

42 0.32 1.02 0.3 1 0.36 1.06 

43 0.32 1.02 0.3 1 0.36 1.06 

44 0.32 1.02 0.3 1 0.36 1.06 

45 0.32 1.02 0.3 1 0.36 1.06 

46 0.32 1.02 0.3 1 0.36 1.06 

47 0.32 1.02 0.3 1 0.36 1.06 

48 0.32 1.02 0.3 1 0.36 1.06 

49 0.32 1.02 0.3 1 0.36 1.06 

50 0.32 1.02 0.3 1 0.36 1.06 

51 0.32 1.02 0.3 1 0.36 1.06 

52 0.32 1.02 0.3 1 0.36 1.06 

53 0.32 1.02 0.3 1 0.36 1.06 

54 0.32 1.02 0.3 1 0.36 1.06 

55 0.32 1.02 0.3 1 0.36 1.06 

56 0.32 1.02 0.3 1 0.36 1.06 

57 0.32 1.02 0.3 1 0.36 1.06 

58 0.32 1.02 0.3 1 0.36 1.06 

59 0.32 1.02 0.3 1 0.36 1.06 

60 0.32 1.02 0.3 1 0.36 1.06 

61 0.32 1.02 0.3 1 0.36 1.06 

62 0.32 1.02 0.3 1 0.36 1.06 

63 0.32 1.02 0.3 1 0.36 1.06 

64 0.32 1.02 0.3 1 0.36 1.06 

65 0.32 1.02 0.3 1 0.36 1.06 

66 0.32 4.29 0.3 4.25 0.36 4.37 

67 0.32 8.76 0.3 8.7 0.36 8.88 

68 0.32 8.76 0.3 8.7 0.36 8.88 

69 0.32 10.18 0.3 10.1 0.36 10.34 

70 0.32 11.35 0.3 11.25 0.36 11.55 

71 0.32 11.35 0.3 11.25 0.36 11.55 

72 0.32 11.35 0.3 11.25 0.36 11.55 

73 0.32 11.35 0.3 11.25 0.36 11.55 

74 3.44 11.35 3.4 11.25 3.52 11.55 

75 3.71 11.57 3.65 11.45 3.83 11.81 

76 3.71 12.14 3.65 12 3.83 12.42 
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77 5.43 12.21 5.35 12.05 5.59 12.53 

78 6.05 12.21 5.95 12.05 6.25 12.53 

79 7.02 12.21 6.9 12.05 7.26 12.53 

80 7.02 12.21 6.9 12.05 7.26 12.53 

81 8.29 12.21 8.15 12.05 8.57 12.53 

82 8.66 13.28 8.5 13.1 8.98 13.64 

83 11.43 13.7 11.25 13.5 11.79 14.1 

84 11.43 13.7 11.25 13.5 11.79 14.1 

85 13.9 13.7 13.7 13.5 14.3 14.1 

86 13.9 13.7 13.7 13.5 14.3 14.1 

87 13.9 13.7 13.7 13.5 14.3 14.1 

88 13.9 13.77 13.7 13.55 14.3 14.21 

89 15.32 14.39 15.1 14.15 15.76 14.87 

90 17.69 14.39 17.45 14.15 18.17 14.87 

91 18.06 14.39 17.8 14.15 18.58 14.87 

92 21.28 14.39 21 14.15 21.84 14.87 

93 23.1 14.39 22.8 14.15 23.7 14.87 

94 23.32 14.39 23 14.15 23.96 14.87 

95 24.64 14.39 24.3 14.15 25.32 14.87 

96 26.16 16.66 25.8 16.4 26.88 17.18 

97 26.98 21.78 26.6 21.5 27.74 22.34 

98 27.15 26.4 26.75 26.1 27.95 27 

99 27.15 33.12 26.75 32.8 27.95 33.76 

100 28.62 36.99 28.2 36.65 29.46 37.67 

101 31.54 38.16 31.1 37.8 32.42 38.88 

102 35.01 39.33 34.55 38.95 35.93 40.09 

103 38.28 40.45 37.8 40.05 39.24 41.25 

104 41.65 40.45 41.15 40.05 42.65 41.25 

105 44.17 41.27 43.65 40.85 45.21 42.11 

106 44.84 41.69 44.3 41.25 45.92 42.57 

107 45.41 44.51 44.85 44.05 46.53 45.43 

108 48.73 48.38 48.15 47.9 49.89 49.34 

109 50.6 52.45 50 51.95 51.8 53.45 

110 50.6 60.27 50 59.75 51.81 61.31 

111 51.77 65.44 51.15 64.9 53.02 66.52 

112 53.29 71.66 52.65 71.1 54.58 72.78 

113 53.41 75.18 52.75 74.6 54.74 76.34 

114 53.41 80.25 52.75 79.65 54.74 81.45 

115 53.41 81.47 52.75 80.85 54.74 82.71 

116 53.41 84.89 52.75 84.25 54.74 86.17 

117 53.41 84.89 52.75 84.25 54.74 86.17 

118 54.83 84.96 54.15 84.3 56.2 86.28 

119 56.9 84.96 56.2 84.3 58.31 86.28 
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120 59.67 85.58 58.95 84.9 61.12 86.94 

121 59.67 88.65 58.95 87.95 61.12 90.05 

122 61.39 90.37 60.65 89.65 62.88 91.81 

123 62.91 92.44 62.15 91.7 64.44 93.92 

124 66.48 94.16 65.7 93.4 68.05 95.68 

125 72.5 96.73 71.7 95.95 74.11 98.29 

126 79.22 101 78.4 100.2 80.87 102.6 

127 86.39 106.07 85.55 105.25 88.08 107.71 

128 96.96 110.44 96.1 109.6 98.69 112.12 

129 106.13 110.56 105.25 109.7 107.9 112.28 

130 112.35 111.88 111.45 111 114.16 113.64 

131 122.52 115.6 121.6 114.7 124.37 117.4 

132 129.79 119.42 128.85 118.5 131.68 121.26 

133 135.81 126.79 134.85 125.85 137.74 128.67 

134 140.88 130.56 139.9 129.6 142.85 132.48 

135 145.4 135.83 144.4 134.85 147.41 137.79 

136 152.02 140.1 151 139.1 154.07 142.1 

137 160.44 144.72 159.4 143.7 162.53 146.76 

138 167.01 147.54 165.95 146.5 169.14 149.62 

139 175.73 147.71 174.65 146.65 177.9 149.83 

140 185.75 152.28 184.65 151.2 187.96 154.44 

141 194.27 157.25 193.15 156.15 196.52 159.45 

142 202.39 161.12 201.25 160 204.68 163.36 

143 207.56 167.09 206.4 165.95 209.89 169.37 

144 215.23 169.91 214.05 168.75 217.6 172.23 

145 224.5 174.53 223.3 173.35 226.91 176.89 

146 234.32 180 233.1 178.8 236.77 182.4 

147 246.19 187.52 244.95 186.3 248.68 189.96 

148 259.06 192.19 257.8 190.95 261.59 194.67 

149 270.08 196.91 268.8 195.65 272.65 199.43 

150 279.85 198.93 278.55 197.65 282.46 201.49 

151 290.42 205 289.1 203.7 293.07 207.6 

152 306.44 208.07 305.1 206.75 309.13 210.71 

153 320.11 213.69 318.75 212.35 322.84 216.37 

154 332.68 219.96 331.3 218.6 335.45 222.68 

155 348.3 227.33 346.9 225.95 351.11 230.09 

156 361.52 234.35 360.1 232.95 364.37 237.15 

157 371.49 242.97 370.05 241.55 374.38 245.81 

158 381.76 249.14 380.3 247.7 384.69 252.02 

159 391.53 255.41 390.05 253.95 394.5 258.33 

160 400 265.78 398.5 264.3 403.01 268.74 

161 407.22 275.75 405.7 274.25 410.27 278.75 

162 414.89 284.47 413.35 282.95 417.98 287.51 
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163 425.41 293.64 423.85 292.1 428.54 296.72 

164 436.03 302.46 434.45 300.9 439.2 305.58 

165 447.3 309.88 445.7 308.3 450.51 313.04 

166 459.92 318.7 458.3 317.1 463.17 321.9 

167 470.74 328.07 469.1 326.45 474.03 331.31 

168 481.31 335.29 479.65 333.65 484.64 338.57 

169 493.68 340.61 492 338.95 497.05 343.93 

170 503.9 348.33 502.2 346.65 507.31 351.69 

171 514.32 357.75 512.6 356.05 517.77 361.15 

172 524.79 368.32 523.05 366.6 528.28 371.76 

173 537.36 377.74 535.6 376 540.89 381.22 

174 550.88 387.76 549.1 386 554.45 391.28 

175 562.5 398.28 560.7 396.5 566.11 401.84 

176 570.52 407.75 568.7 405.95 574.17 411.35 

177 581.69 419.27 579.85 417.45 585.38 422.91 

178 592.96 429.69 591.1 427.85 596.69 433.37 

179 601.28 438.06 599.4 436.2 605.05 441.78 

180 612.35 447.38 610.45 445.5 616.16 451.14 

181 622.17 457.9 620.25 456 626.02 461.7 

182 629.99 472.62 628.05 470.7 633.88 476.46 

183 637.21 486.44 635.25 484.5 641.14 490.32 

184 645.33 499.81 643.35 497.85 649.3 503.73 

185 653.65 513.08 651.65 511.1 657.66 517.04 

186 664.32 526.65 662.3 524.65 668.37 530.65 

187 674.84 538.22 672.8 536.2 678.93 542.26 

188 685.86 550.39 683.8 548.35 689.99 554.47 

189 698.53 562.46 696.45 560.4 702.7 566.58 

190 710.75 575.08 708.65 573 714.96 579.24 

191 724.22 587.2 722.1 585.1 728.47 591.4 

 

 

 

Annex VIII CGDD at Nyhus in the year 2016 and 2015 for three apple cultivars. 

Julian 
day 
  

Red Aroma (CGDD) 
  

Summerred (CGDD) 
  

Discovery (CGDD) 
  

2016 2015 2016 2015 2016 2015 

1 0 0 0 0 0 0 

2 0 0 0 0 0 0 

3 0 0 0 0 0 0 

4 0 0 0 0 0 0 
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5 0 0 0 0 0 0 

6 0 0 0 0 0 0 

7 0 0 0 0 0 0 

8 0 0 0 0 0 0 

9 0 0 0 0 0 0 

10 0 0 0 0 0 0 

11 0 0 0 0 0 0 

12 0 0 0 0 0 0 

13 0 0 0 0 0 0 

14 0 0 0 0 0 0 

15 0 0 0 0 0 0 

16 0 0 0 0 0 0 

17 0 0 0 0 0 0 

18 0 0 0 0 0 0 

19 0 0 0 0 0 0 

20 0 0 0 0 0 0 

21 0 0 0 0 0 0 

22 0 0 0 0 0 0 

23 0 0 0 0 0 0 

24 0 0 0 0 0 0 

25 0 0 0 0 0 0 

26 0 0 0 0 0 0 

27 0 0 0 0 0 0 

28 0 0 0 0 0 0 

29 0.66 0 0.44 0 0.76 0 

30 0.66 0 0.44 0 0.76 0 

31 0.66 0 0.44 0 0.76 0 

32 0.66 0 0.44 0 0.76 0 

33 0.66 0 0.44 0 0.76 0 

34 0.66 0 0.44 0 0.76 0 

35 0.66 0 0.44 0 0.76 0 

36 0.66 0 0.44 0 0.76 0 

37 0.66 0 0.44 0 0.76 0 

38 0.66 0 0.44 0 0.76 0 

39 0.66 0 0.44 0 0.76 0 

40 0.66 1.36 0.44 1.14 0.76 1.46 

41 0.66 1.36 0.44 1.14 0.76 1.46 

42 0.66 1.36 0.44 1.14 0.76 1.46 

43 0.66 1.36 0.44 1.14 0.76 1.46 

44 0.66 1.36 0.44 1.14 0.76 1.46 

45 0.66 1.36 0.44 1.14 0.76 1.46 

46 0.66 1.36 0.44 1.14 0.76 1.46 

47 0.66 1.36 0.44 1.14 0.76 1.46 
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48 0.66 1.36 0.44 1.14 0.76 1.46 

49 0.66 1.52 0.44 1.14 0.76 1.72 

50 0.66 1.63 0.44 1.14 0.76 1.93 

51 0.66 1.63 0.44 1.14 0.76 1.93 

52 0.66 1.63 0.44 1.14 0.76 1.93 

53 0.66 1.63 0.44 1.14 0.76 1.93 

54 0.66 1.63 0.44 1.14 0.76 1.93 

55 0.66 1.63 0.44 1.14 0.76 1.93 

56 0.66 1.63 0.44 1.14 0.76 1.93 

57 0.66 1.63 0.44 1.14 0.76 1.93 

58 0.66 1.63 0.44 1.14 0.76 1.93 

59 0.66 1.63 0.44 1.14 0.76 1.93 

60 0.66 1.63 0.44 1.14 0.76 1.93 

61 0.66 1.63 0.44 1.14 0.76 1.93 

62 0.66 1.63 0.44 1.14 0.76 1.93 

63 0.66 1.63 0.44 1.14 0.76 1.93 

64 0.66 1.63 0.44 1.14 0.76 1.93 

65 0.66 1.63 0.44 1.14 0.76 1.93 

66 0.66 5.24 0.44 4.53 0.76 5.64 

67 0.66 10.05 0.44 9.12 0.76 10.55 

68 0.66 10.05 0.44 9.12 0.76 10.55 

69 0.66 11.81 0.44 10.66 0.76 12.41 

70 0.66 13.32 0.44 11.95 0.76 14.02 

71 0.66 13.32 0.44 11.95 0.76 14.02 

72 0.66 13.32 0.44 11.95 0.76 14.02 

73 0.66 13.32 0.44 11.95 0.76 14.02 

74 4.12 13.32 3.68 11.95 4.32 14.02 

75 4.73 13.88 4.07 12.29 5.03 14.68 

76 4.73 14.79 4.07 12.98 5.03 15.69 

77 6.79 15.2 5.91 13.17 7.19 16.2 

78 7.75 15.2 6.65 13.17 8.25 16.2 

79 9.06 15.2 7.74 13.17 9.66 16.2 

80 9.06 15.2 7.74 13.17 9.66 16.2 

81 10.67 15.2 9.13 13.17 11.37 16.2 

82 11.38 16.61 9.62 14.36 12.18 17.71 

83 14.49 17.37 12.51 14.9 15.39 18.57 

84 14.49 17.37 12.51 14.9 15.39 18.57 

85 17.3 17.37 15.1 14.9 18.3 18.57 

86 17.3 17.37 15.1 14.9 18.36 18.57 

87 17.3 17.37 15.1 14.9 18.36 18.57 

88 17.3 17.78 15.1 15.09 18.36 19.08 

89 19.06 18.74 16.64 15.83 20.22 20.14 

90 21.77 18.74 19.13 15.83 23.03 20.14 
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91 22.48 18.74 19.62 15.83 23.84 20.14 

92 26.04 18.75 22.96 15.83 27.5 20.25 

93 28.2 18.75 24.9 15.83 29.76 20.25 

94 28.76 18.75 25.24 15.83 30.42 20.25 

95 30.42 18.75 26.68 15.83 32.18 20.25 

96 32.28 21.36 28.32 18.22 34.14 22.96 

97 33.44 26.82 29.26 23.46 35.4 28.52 

98 33.95 31.78 29.55 28.2 36.01 33.58 

99 33.95 38.84 29.55 35.04 36.01 40.74 

100 35.76 43.05 31.14 39.03 37.92 45.05 

101 39.02 44.56 34.18 40.32 41.28 46.66 

102 42.83 46.07 37.77 41.61 45.19 48.27 

103 46.44 47.53 41.16 42.85 48.9 49.83 

104 50.15 47.74 44.65 42.85 52.71 50.14 

105 53.01 48.9 47.29 43.79 55.67 51.4 

106 54.02 49.66 48.08 44.33 56.78 52.26 

107 54.93 52.82 48.77 47.27 57.79 55.52 

108 58.59 57.03 52.21 51.26 61.55 59.83 

109 60.8 61.44 54.2 55.45 63.86 64.34 

110 61.11 69.6 54.29 63.39 64.27 72.6 

111 62.62 75.11 55.58 68.68 65.88 78.21 

112 64.48 81.67 57.22 75.02 67.84 84.87 

113 64.94 85.53 57.46 78.66 68.4 88.83 

114 64.94 90.94 57.46 83.85 68.4 94.34 

115 64.94 92.5 57.46 85.19 68.4 96 

116 65 96.26 57.46 88.73 68.56 99.86 

117 65 96.52 57.46 88.77 68.56 100.22 

118 66.76 96.93 59 88.96 70.42 100.73 

119 69.17 96.93 61.19 88.96 72.93 100.73 

120 72.28 97.89 64.08 89.7 76.14 101.79 

121 72.28 101.3 64.08 92.89 76.14 105.3 

122 74.34 103.36 65.92 94.73 78.3 107.46 

123 76.2 105.77 67.56 96.92 80.26 109.97 

124 80.11 107.83 71.25 98.76 84.27 112.13 

125 86.47 110.74 77.39 101.45 90.73 115.14 

126 93.53 115.35 84.23 105.84 97.89 119.85 

127 101.04 120.76 91.52 111.03 105.5 125.36 

128 111.95 125.47 102.21 115.52 116.51 130.17 

129 121.46 125.93 111.5 115.76 126.12 130.73 

130 128.02 127.59 117.84 117.2 132.78 132.49 

131 138.53 131.65 128.13 121.04 143.39 136.65 

132 146.14 135.81 135.52 124.98 151.1 140.91 

133 152.5 143.52 141.66 132.47 157.56 148.72 
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134 157.91 147.63 146.85 136.36 163.07 152.93 

135 162.77 153.24 151.49 141.75 168.03 158.64 

136 169.73 157.85 158.23 146.14 175.09 163.35 

137 178.49 162.81 166.77 150.88 183.95 168.41 

138 185.4 165.97 173.46 153.82 190.96 171.67 

139 194.46 166.48 182.3 154.11 200.12 172.28 

140 204.82 171.39 192.44 158.8 210.58 177.29 

141 213.68 176.7 201.08 163.89 219.54 182.7 

142 222.14 180.91 209.32 167.88 228.1 187.01 

143 227.65 187.22 214.61 173.97 233.71 193.42 

144 235.66 190.38 222.4 176.91 241.82 196.68 

145 245.27 195.34 231.79 181.65 251.53 201.74 

146 255.43 201.15 241.73 187.24 261.79 207.65 

147 267.64 209.01 253.72 194.88 274.1 215.61 

148 280.85 214.02 266.71 199.67 287.41 220.72 

149 292.21 219.08 277.85 204.51 298.87 225.88 

150 302.32 221.44 287.74 206.65 309.08 228.34 

151 313.23 227.85 298.43 212.84 320.09 234.85 

152 329.59 231.26 314.57 216.03 336.55 238.36 

153 343.6 237.22 328.36 221.77 350.66 244.42 

154 356.51 243.83 341.05 228.16 363.67 251.13 

155 372.47 251.54 356.79 235.65 379.73 258.94 

156 386.03 258.9 370.13 242.79 393.39 266.4 

157 396.34 267.86 380.22 251.53 403.8 275.46 

158 406.95 274.37 390.61 257.82 414.51 282.07 

159 417.06 280.98 400.5 264.21 424.72 288.78 

160 425.87 291.69 409.09 274.7 433.63 299.59 

161 433.43 302 416.43 284.79 441.29 310 

162 441.44 311.06 424.22 293.63 449.4 319.16 

163 452.3 320.57 434.86 302.92 460.36 328.77 

164 463.26 329.73 445.6 311.86 471.42 338.03 

165 474.87 337.49 456.99 319.4 483.13 345.89 

166 487.83 346.65 469.73 328.34 496.19 355.15 

167 498.99 356.36 480.67 337.83 507.45 364.96 

168 509.9 363.92 491.36 345.17 518.46 372.62 

169 522.61 369.58 503.85 350.61 531.27 378.38 

170 533.17 377.64 514.19 358.45 541.93 386.54 

171 543.93 387.4 524.73 367.99 552.79 396.4 

172 554.74 398.31 535.32 378.68 563.7 407.41 

173 567.65 408.07 548.01 388.22 576.71 417.27 

174 581.51 418.43 561.65 398.36 590.67 427.73 

175 593.47 429.29 573.39 409 602.73 438.69 

176 601.83 439.1 581.53 418.59 611.19 448.6 
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177 613.34 450.96 592.82 430.23 622.8 460.56 

178 624.95 461.72 604.21 440.77 634.51 471.42 

179 633.61 470.43 612.65 449.26 643.27 480.23 

180 645.02 480.09 623.84 458.7 654.78 489.99 

181 655.18 490.95 633.78 469.34 665.04 500.95 

182 663.34 506.01 641.72 484.18 673.3 516.11 

183 670.9 520.17 649.06 498.12 680.96 530.37 

184 679.36 533.88 657.3 511.61 689.52 544.18 

185 688.02 547.49 665.74 525 698.28 557.89 

186 699.03 561.4 676.53 538.69 709.39 571.9 

187 709.89 573.31 687.17 550.38 720.35 583.91 

188 721.25 585.82 698.31 562.67 731.81 596.52 

189 734.26 598.23 711.1 574.86 744.92 609.03 

190 746.82 611.19 723.44 587.6 757.58 622.09 

191 760.63 623.65 737.03 599.84 771.49 634.65 

 

Annex IX CGDD at Årnes in the year 2016 and 2015 for three apple cultivars. 

Julian 
day 
  

Red Aroma (CGDD) 
  

Summerred (CGDD) 
  

Discovery (CGDD) 
  

2016 2015 2016 2015 2016 2015 

1 0 0 0 0 0 0 

2 0 0 0 0 0 0 

3 0 0 0 0 0 0 

4 0 0 0 0 0 0 

5 0 0 0 0 0 0 

6 0 0 0 0 0 0 

7 0 0 0 0 0 0 

8 0 0 0 0 0 0 

9 0 0 0 0 0 0 

10 0 0 0 0 0 0 

11 0 0 0 0 0 0 

12 0 0 0 0 0 0 

13 0 0 0 0 0 0 

14 0 0 0 0 0 0 

15 0 0 0 0 0 0 

16 0 0 0 0 0 0 

17 0 0 0 0 0 0 

18 0 0 0 0 0 0 

19 0 0 0 0 0 0 

20 0 0 0 0 0 0 

21 0 0 0 0 0 0 
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22 0 0 0 0 0 0 

23 0 0 0 0 0 0 

24 0 0 0 0 0 0 

25 0 0 0 0 0 0 

26 0 0 0 0 0 0 

27 0 0 0 0 0 0 

28 0 0 0 0 0 0 

29 0.74 0 0.74 0 0.75 0 

30 0.74 0 0.74 0 0.75 0 

31 0.74 0 0.74 0 0.75 0 

32 0.74 0 0.74 0 0.75 0 

33 0.74 0 0.74 0 0.75 0 

34 0.74 0 0.74 0 0.75 0 

35 0.74 0 0.74 0 0.75 0 

36 0.74 0 0.74 0 0.75 0 

37 0.74 0 0.74 0 0.75 0 

38 0.74 0 0.74 0 0.75 0 

39 0.74 0 0.74 0 0.75 0 

40 0.74 1.44 0.74 1.44 0.75 1.45 

41 0.74 1.44 0.74 1.44 0.75 1.45 

42 0.74 1.44 0.74 1.44 0.75 1.45 

43 0.74 1.44 0.74 1.44 0.75 1.45 

44 0.74 1.44 0.74 1.44 0.75 1.45 

45 0.74 1.44 0.74 1.44 0.75 1.45 

46 0.74 1.44 0.74 1.44 0.75 1.45 

47 0.74 1.44 0.74 1.44 0.75 1.45 

48 0.74 1.44 0.74 1.44 0.75 1.45 

49 0.74 1.68 0.74 1.68 0.75 1.7 

50 0.74 1.87 0.74 1.87 0.75 1.9 

51 0.74 1.87 0.74 1.87 0.75 1.9 

52 0.74 1.87 0.74 1.87 0.75 1.9 

53 0.74 1.87 0.74 1.87 0.75 1.9 

54 0.74 1.87 0.74 1.87 0.75 1.9 

55 0.74 1.87 0.74 1.87 0.75 1.9 

56 0.74 1.87 0.74 1.87 0.75 1.9 

57 0.74 1.87 0.74 1.87 0.75 1.9 

58 0.74 1.87 0.74 1.87 0.75 1.9 

59 0.74 1.87 0.74 1.87 0.75 1.9 

60 0.74 1.87 0.74 1.87 0.75 1.9 

61 0.74 1.87 0.74 1.87 0.75 1.9 

62 0.74 1.87 0.74 1.87 0.75 1.9 

63 0.74 1.87 0.74 1.87 0.75 1.9 

64 0.74 1.87 0.74 1.87 0.75 1.9 
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65 0.74 1.87 0.74 1.87 0.75 1.9 

66 0.74 5.56 0.74 5.56 0.75 5.6 

67 0.74 10.45 0.74 10.45 0.75 10.5 

68 0.74 10.45 0.74 10.45 0.75 10.5 

69 0.74 12.29 0.74 12.29 0.75 12.35 

70 0.74 13.88 0.74 13.88 0.75 13.95 

71 0.74 13.88 0.74 13.88 0.75 13.95 

72 0.74 13.88 0.74 13.88 0.75 13.95 

73 0.74 13.88 0.74 13.88 0.75 13.95 

74 4.28 13.88 4.28 13.88 4.3 13.95 

75 4.97 14.52 4.97 14.52 5 14.6 

76 4.97 15.51 4.97 15.51 5 15.6 

77 7.11 16 7.11 16 7.15 16.1 

78 8.15 16 8.15 16 8.2 16.1 

79 9.54 16 9.54 16 9.6 16.1 

80 9.54 16 9.54 16 9.6 16.1 

81 11.23 16 11.23 16 11.3 16.1 

82 12.02 17.49 12.02 17.49 12.1 17.6 

83 15.21 18.33 15.21 18.33 15.3 18.45 

84 15.21 18.33 15.21 18.33 15.3 18.45 

85 18.1 18.33 18.1 18.33 18.2 18.45 

86 18.14 18.33 18.14 18.33 18.25 18.45 

87 18.14 18.33 18.14 18.33 18.25 18.45 

88 18.14 18.82 18.14 18.82 18.25 18.95 

89 19.98 19.86 19.98 19.86 20.1 20 

90 22.77 19.86 22.77 19.86 22.9 20 

91 23.56 19.86 23.56 19.86 23.7 20 

92 27.2 19.95 27.2 19.95 27.35 20.1 

93 29.44 19.95 29.44 19.95 29.6 20.1 

94 30.08 19.95 30.08 19.95 30.25 20.1 

95 31.82 19.95 31.82 19.95 32 20.1 

96 33.76 22.64 33.76 22.64 33.95 22.8 

97 35 28.18 35 28.18 35.2 28.35 

98 35.59 33.22 35.59 33.22 35.8 33.4 

99 35.59 40.36 35.59 40.36 35.8 40.55 

100 37.48 44.65 37.48 44.65 37.7 44.85 

101 40.82 46.24 40.82 46.24 41.05 46.45 

102 44.71 47.83 44.71 47.83 44.95 48.05 

103 48.4 49.37 48.4 49.37 48.65 49.6 

104 52.19 49.66 52.19 49.66 52.45 49.9 

105 55.13 50.9 55.13 50.9 55.4 51.15 

106 56.22 51.74 56.22 51.74 56.5 52 

107 57.21 54.98 57.21 54.98 57.5 55.25 
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108 60.95 59.27 60.95 59.27 61.25 59.55 

109 63.24 63.76 63.24 63.76 63.55 64.05 

110 63.63 72 63.63 72 63.95 72.3 

111 65.22 77.59 65.22 77.59 65.55 77.9 

112 67.16 84.23 67.16 84.23 67.5 84.55 

113 67.7 88.17 67.7 88.17 68.05 88.5 

114 67.7 93.66 67.7 93.66 68.05 94 

115 67.7 95.3 67.7 95.3 68.05 95.65 

116 67.84 99.14 67.84 99.14 68.2 99.5 

117 67.84 99.48 67.84 99.48 68.2 99.85 

118 69.68 99.97 69.68 99.97 70.05 100.35 

119 72.17 99.97 72.17 99.97 72.55 100.35 

120 75.36 101.01 75.36 101.01 75.75 101.4 

121 75.36 104.5 75.36 104.5 75.75 104.9 

122 77.5 106.64 77.5 106.64 77.9 107.05 

123 79.44 109.13 79.44 109.13 79.85 109.55 

124 83.43 111.27 83.43 111.27 83.85 111.7 

125 89.87 114.26 89.87 114.26 90.3 114.7 

126 97.01 118.95 97.01 118.95 97.45 119.4 

127 104.6 124.44 104.6 124.44 105.05 124.9 

128 115.59 129.23 115.59 129.23 116.05 129.7 

129 125.18 129.77 125.18 129.77 125.65 130.25 

130 131.82 131.51 131.82 131.51 132.3 132 

131 142.41 135.65 142.41 135.65 142.9 136.15 

132 150.1 139.89 150.1 139.89 150.6 140.4 

133 156.54 147.68 156.54 147.68 157.05 148.2 

134 162.03 151.87 162.03 151.87 162.55 152.4 

135 166.97 157.56 166.97 157.56 167.5 158.1 

136 174.01 162.25 174.01 162.25 174.55 162.8 

137 182.85 167.29 182.85 167.29 183.4 167.85 

138 189.84 170.53 189.84 170.53 190.4 171.1 

139 198.98 171.12 198.98 171.12 199.55 171.7 

140 209.42 176.11 209.42 176.11 210 176.7 

141 218.36 181.5 218.36 181.5 218.95 182.1 

142 226.9 185.79 226.9 185.79 227.5 186.4 

143 232.49 192.18 232.49 192.18 233.1 192.8 

144 240.58 195.42 240.58 195.42 241.2 196.05 

145 250.27 200.46 250.27 200.46 250.9 201.1 

146 260.51 206.35 260.51 206.35 261.15 207 

147 272.8 214.29 272.8 214.29 273.45 214.95 

148 286.09 219.38 286.09 219.38 286.75 220.05 

149 297.53 224.52 297.53 224.52 298.2 225.2 

150 307.72 226.96 307.72 226.96 308.4 227.65 
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151 318.71 233.45 318.71 233.45 319.4 234.15 

152 335.15 236.94 335.15 236.94 335.85 237.65 

153 349.24 242.98 349.24 242.98 349.95 243.7 

154 362.23 249.67 362.23 249.67 362.95 250.4 

155 378.27 257.46 378.27 257.46 379 258.2 

156 391.91 264.9 391.91 264.9 392.65 265.65 

157 402.3 273.94 402.3 273.94 403.05 274.7 

158 412.99 280.53 412.99 280.53 413.75 281.3 

159 423.18 287.22 423.18 287.22 423.95 288 

160 432.07 298.01 432.07 298.01 432.85 298.8 

161 439.71 308.4 439.71 308.4 440.5 309.2 

162 447.8 317.54 447.8 317.54 448.6 318.35 

163 458.74 327.13 458.74 327.13 459.55 327.95 

164 469.78 336.37 469.78 336.37 470.6 337.2 

165 481.47 344.21 481.47 344.21 482.3 345.05 

166 494.51 353.45 494.51 353.45 495.35 354.3 

167 505.75 363.24 505.75 363.24 506.6 364.1 

168 516.74 370.88 516.74 370.88 517.6 371.75 

169 529.53 376.62 529.53 376.62 530.4 377.5 

170 540.17 384.76 540.17 384.76 541.05 385.65 

171 551.01 394.6 551.01 394.6 551.9 395.5 

172 561.9 405.59 561.9 405.59 562.8 406.5 

173 574.89 415.43 574.89 415.43 575.8 416.35 

174 588.83 425.87 588.83 425.87 589.75 426.8 

175 600.87 436.81 600.87 436.81 601.8 437.75 

176 609.31 446.7 609.31 446.7 610.25 447.65 

177 620.9 458.64 620.9 458.64 621.85 459.6 

178 632.59 469.48 632.59 469.48 633.55 470.45 

179 641.33 478.27 641.33 478.27 642.3 479.25 

180 652.82 488.01 652.82 488.01 653.8 489 

181 663.06 498.95 663.06 498.95 664.05 499.95 

182 671.3 514.09 671.3 514.09 672.3 515.1 

183 678.94 528.33 678.94 528.33 679.95 529.35 

184 687.48 542.12 687.48 542.12 688.5 543.15 

185 696.22 555.81 696.22 555.81 697.25 556.85 

186 707.31 569.8 707.31 569.8 708.35 570.85 

187 718.25 581.79 718.25 581.79 719.3 582.85 

188 729.69 594.38 729.69 594.38 730.75 595.45 

189 742.78 606.87 742.78 606.87 743.85 607.95 

190 755.42 619.91 755.42 619.91 756.5 621 

191 769.31 632.45 769.31 632.45 770.4 633.55 
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Annex X Monthly mean temperature at GVARV-NES station in the year 2016 and 2015 along 

with the period of 1961-90. (Source: eklima.no) 

Month 
in year 
  

Monthly mean temperature 
 

2016 2015 1961-90 

1 -5.2 0 -0.56 

2 -0.8 0.3 -0.41 

3 3.0 3.2 0.01 

4 5.7 6.8 4.2 

5 12.3 8.6 10.1 

6 16.1 13.7 14.4 

7 16.1 15.7 16 

8 14.9 15.2 14.4 

9 14.5 11.8 10 

10 5.9 6.4 5 

11 -0.1 2 0 

12 0.5 1.4 -4 

 


