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Abstract 

The demand for blackcurrant (Ribes nigrum L.) has increased as consumers have 
become aware of the health effects of blackcurrant berry. New cultivars suitable for 
both fresh market and processing are needed. As the winter temperatures are 
increasing, one aim in major blackcurrant breeding programs is low chilling 
requirement and therefore a short endodormancy in new cultivars. However, in 
Northern Europe a long and deep endodormancy is required, so that growth does not 
resume during warm spells in winter, because possibly following hard frosts can 
damage plants. The aim of our study was to examine the depth of endodormancy and 
cold hardiness in six blackcurrant cultivars at different times during winter. Single 
shoots of the Lithuanian cultivars Almiai and Gagatai, Finnish cultivars Mikael and 
Mortti, and Scottish cultivars Ben Hope and Ben Tron were collected from the field in 
Southern Finland. The depth of endodormancy was determined as the percentage of 
buds broken during forcing and as the duration of time to bud break. Cold hardiness 
(LT50) was measured with controlled freezing tests by exposing the samples to 
gradually decreasing temperatures in the freezing chamber. The effectiveness of 
different chilling temperatures on breaking of dormancy was studied in the two 
Finnish cultivars. The deepest dormancy was observed in the cultivars Almiai and 
Gagatai, while the shallowest dormancy was found in ‘Ben Tron’ and ‘Mortti’. 'Ben Tron' 
was also the least cold hardy cultivar in our freezing tests, while 'Almiai' was very cold 
hardy. The effectiveness of chilling temperatures 0 °C, + 6 °C, + 12 °C and + 18 °C in 
breaking of endodormancy was studied under controlled conditions in 'Mikael' and 
'Mortti' samples. In both cultivars, the most effective chilling temperature was 0 °C. 
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INTRODUCTION 

Blackcurrant (Ribes nigrum L.) is an excellent crop for the Northern climate. The need 
for pesticides is low, and it is also suited for organic production. The potential beneficial 
effects of currants on human health have increased their demand worldwide. New productive 
cultivars that are even suitable for fresh market are needed. When new germplasm is 
introduced, sufficient adaptability to the prevailing environmental conditions has to be 
verified.  

Declining winter chill is of major concern in many blackcurrant producing countries 
(Jones and Brennan, 2009). Consequently, one aim in major blackcurrant breeding programs 
is a low chilling requirement and therefore a short endodormancy in new cultivars (Brennan 
et al., 2012). However, for the northern conditions, a long and deep endodormancy is a 
requirement. In low chill cultivars growth may resume during warm spells in winter, and 
possibly following hard frosts result in frost damage of plants.  

The aim of our study was to examine the endodormancy and frost hardiness in six 
blackcurrant cultivars at different times during winter with the aim to recognize cultivars 
with a deep and long endodormancy and sufficient winter hardiness. The depth of 
endodormancy was determined by recording the percentage of and time to bud break in 
greenhouse forcing. The effect of different chilling temperatures on dormancy release in two 
cultivars was studied. Frost hardiness was determined with controlled freezing tests. 
 



MATERIALS AND METHODS 

Single shoots of the Lithuanian blackcurrant cultivars Almiai and Gagatai, Finnish 
cultivars Mikael and Mortti, and Scottish cultivars Ben Hope and Ben Tron were collected 
from the field trial on October 6, October 29, November 19, December 8, and February 10 
during winter 2014-2015. The field trial was planted in an open field in May 2009 at the 
Piikkiö research site of Natural Resources Institute Finland in Kaarina, Southern Finland (60° 
23' N, 22° 55' E) with a row spacing of 4 m, and a plant spacing of 1 m in a row. 

The shoots were randomly collected from four to five bushes per cultivar. The sample 
shoot length averaged 20 cm and consisted of last summer’s growth (1-year-old wood). Each 
sampling time, ten shoots per cultivar were collected for the determination of endodormancy, 
and on two last sampling times (December 8 and February 10) additional shoot samples for 
the frost hardiness tests were collected from three bushes per cultivar. Samples were 
transported to the University of Helsinki for the measurements. 

The year 2014 and winter 2014-2015 were rather warm. Effective temperature sum 
(°C degree days, base +5 °C) of the growing season at Kaarina was 1564, whereas the average 
of 1981-2010 was 1411. Monthly average diurnal temperatures recorded during the 
experiment are presented in Figure 1. 

Figure 1. Average monthly diurnal temperatures recorded in Kaarina during 2014-2015. 
  

Depth of endodormancy 
The shoots were forced at the University of Helsinki research greenhouse. They were, 

placed in plastic containers filled with water enriched with Flower Food (Broekhof, 
Netherlands), and supported with a metal mesh. To ensure uninterrupted water absorption, 
water was changed and a new surface layer was cut in the basal ends of the shoots weekly. 
The experimental design during forcing was a RCBD with ten blocks. 

The temperature in a greenhouse was adjusted to +19 °C, the relative humidity to 60%, 
and the photoperiod was 20 h. High-pressure sodium lamps of 400 W (71 W m-2) were used 
for lighting. Light intensity averaged 51 μmol s-1 m-2. 

The number of broken buds (green tip stage) was recorded three times a week during 
five weeks. At the end of each forcing period, all non-broken buds were examined under a 
dissecting microscope (Leica Wild M10, Leica, Heerbrugg, Switzerland) for their viability. The 
percentage of broken buds and the average time to bud break was calculated for each cultivar 
and sampling time. To combine the proportion of the broken buds and the time to bud break 
into one single variable, a dormancy index (D) was calculated. For this purpose, the 'Relative 
time' was calculated by dividing the time required for bud break (in d) by the length of forcing 
period (35 d). The ‘Proportion’ of broken buds was calculated. Both variables get values 
between 0 and 1. The dormancy index D was calculated by subtracting ‘Relative time’ from 
‘Proportion’, whereby during the deepest possible dormancy D = -1, and when dormancy is 
completely released, D = +1. 
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Dormancy release 
To study the effect of different chilling temperatures and light on dormancy release, 

additional shoot samples of ‘Mikael’ and ‘Mortti’ were harvested during the deepest dormancy 
on October 29, 2014. 210 shoots per cultivar originating from 112 bushes (‘Mikael’) and 84 
bushes (‘Mortti’), each about 20 cm in length were collected. Samples were randomly assigned 
to temperature treatments of 0 °C, +6 °C, +12 °C, and +18 °C, which were further divided into 
treatments in light or dark, excluding the 0 °C treatment that was always in dark. Thirty shoots 
per cultivar in each treatment were placed in containers with their basal ends in water 
enriched with ‘Flower Food’. Light was provided through 60 W incandescent lamps for 24 
h/d. After 5, 10, and 15 weeks, the depth of endodormancy was determined by forcing ten 
replicate shoots per cultivar and treatment in a greenhouse, as described above.  

 
Frost hardiness 

Frost hardiness of the blackcurrant cultivars was measured on December 8, 2014 and 
February 10, 2015. The sample shoots were cut into pieces with 1 to 2 nodes, slightly 
moistened with a water spray, and enclosed into plastic bags. The samples were randomly 
assigned to the test temperatures ranging from -15 °C to -45 °C at 5 °C increments and placed 
into a controlled-climate chamber (Weiss 2600/45, Du-Pi, Weiss Umwelttechnik 
Reiskirchen, Germany). The chamber temperature was first maintained at -5 °C overnight, 
and then lowered by 5 °C h-1 and maintained for 30 min at each test temperature, after which 
four replicate samples of each cultivar were removed and placed at 0°C for thawing, and 
thereafter at 22 °C for 7 d to allow oxidation of the injured tissue. Control samples were 
maintained at 0°C in dark during the freezing treatments.  

The damage caused by the test temperatures was determined after 7 d incubation using 
a dissecting microscope. The buds were cut longitudinally, observed for internal color 
changes mainly in flower initials, and rated as either uninjured or injured. Shoots were 
evaluated by removing a thin layer of cortical tissue with a surgical knife and assessing 
injuries indicated by color changes in the vascular tissue. Frost hardiness was determined as 
LT50 (Lethal temperature 50%) values for the buds and shoots separately using the logit 
models in PROBIT-procedure of SAS software (SAS Institute Inc.).  

Differences in endodormancy and frost hardiness between the cultivars were 
statistically tested by the ANOVA using GLM-procedure of SAS software (SAS Institute Inc.). 
Tukey’s test with a significance level of p <0.05 was used for pairwise comparisons of the 
cultivar means. 

 
 

RESULTS AND DISCUSSION 
 
Depth of endodormancy 

The percentage of the broken buds during forcing was significantly affected by cultivar 
at all sampling times (Figure 2). The lowest percentage of the broken buds was recorded in 
October. On October 7, ‘Almiai’ and ‘Gagatai’ were in the deepest dormancy, as none of their 
buds broke during the five weeks of forcing. In February, the chilling requirement of all the 
cultivars was close to be fulfilled, and the percentage of the broken buds was about 40% in 
‘Ben Hope’, about 50% in ‘Almiai’ and ‘Gagatai’, and 70% or more for the rest of the cultivars. 

Based on the percentage of the broken buds averaged over all sampling times, the 
cultivars could be divided into three groups: 1) 'Almiai' and 'Gagatai' (average of 18% broken 
buds in all sampling times), 2) 'Ben Hope' and 'Mikael' (20-25%), and 3) ' Ben Tron’ and 
‘Mortti’ (33%). If only the sampling times during the deepest endodormancy period in the fall 
were included, the classification remained the same: 1) 'Almiai' and 'Gagatai' (average 9-10% 
broken buds), 2) 'Ben Hope' and 'Mikael' (14-15%), and 3) 'Ben Tron' and 'Mortti' (22%). 
Based on these results, the Lithuanian cultivars ‘Almiai’ and ‘Gagatai’ had a deep and long 
endodormancy period. The shallowest endodormancy was observed in ‘Ben Tron’ and 
‘Mortti’, while ‘Ben Hope’ and ‘Mikael’ were intermediate in their endodormancy 
characteristics. 



 

Figure 2. The percentage of broken buds during greenhouse forcing in six blackcurrant 
cultivars at different sampling times during the winter 2014-15. Vertical bars 
represent ± SEM (n = 10). 

 
Based on the dormancy index, two groups could be distinguished during the deepest 

dormancy in October: 'Almiai', 'Gagatai' and 'Mikael' were in the deeper dormancy than ‘Ben 
Hope’, ‘Ben Tron’ and ‘Mortti’ (Figure 3). Thereafter, dormancy was released faster in ‘Ben 
Tron’ and ‘Mortti’ than in the other cultivars. Also according to Sønsteby and Heide (2014), 
'Ben Tron' has a low chilling requirement and is thus best suited for mild winter climates. In 
February, two groups could again be distinguished; 'Almiai', 'Gagatai' and 'Ben Hope' being in 
deeper dormancy than the other cultivars.  

 
 

Figure 3. The endodormancy index of six blackcurrant cultivars at different sampling times 
during the winter 2014-15. (n = 10) 

 
No significant change occurred in dormancy status between the two October sampling 

dates. According to Måge (1976) maximum dormancy in blackcurrant occurs in late October 
in the Nordic conditions. Also in our study, endodormancy started to diminish in all cultivars 
thereafter. By February 12, dormancy was very much released, and at that time the largest 
difference between cultivars was evident. The differences in bud break in February may also 
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be partly due to different percentages of bud break typical to these cultivars during the 
growing season. To verify this, sampling should have been continued beyond spring. 

The amount of chill units (CU) required to break endodormancy is usually over 2000 h 
for the most Nordic blackcurrant cultivars (Jones and Brennan, 2009). The complexity in 
estimating exact CU requirements involves the decision on the time point, when the chill units 
start to accumulate, since the same temperatures that bring about endodormancy later 
release dormancy.  
 
Dormancy release 

The most effective chilling temperature to release the dormancy of ‘Mikael’ and ‘Mortti’  
was 0 °C, followed by +6 °C, whereas +12 °C and +18 °C were equally less effective (Figure 4). 
Increasing the duration of chilling from 5 wk to 10 wk, enhanced bud break, whereas 15 wk 
of chilling had no further dormancy breaking effect. Light provided by incandescent lamps 
during chilling was included as a treatment to examine, whether light can contribute to, or 
replace chilling at sub-optimal chilling temperatures. According to Jones et al. (2015) it is 
possible that chilling is not the only environmental factor contributing to bud break in 
blackcurrant. Dormancy release may also be affected by daylength, and require both chilling 
and long days in some woody species (Heide, 1993; Linkosalo et al., 2006). In strawberry 
(Fragaria × ananassa) long day conditions provided by artificial lighting as night break 
treatments can compensate for the lack of chilling (Bigey, 2002; Van Delm et al., 2012). As the 
far-red portion of light was observed to be important for breaking dormancy, incandescent 
lamps should be well suited for this. Results of our study are, however, contradictory. 
Averaged over all test temperatures, light increased the percentage of broken buds in ‘Mikael’ 
(p = 0.033), but decreased in ‘Mortti’ (p = 0.012). For ‘Mikael’, however, the effect of light was 
only significant at +12 °C (p < 0.001) enhancing the bud break from 17% in dark to 25% in 
light. In ‘Mortti’ light decreased the percentage of broken buds at +6 °C (p = 0.046) from 33% 
in dark to 25% in light, and at +18 °C (p = 0.039) from 22% in dark to 17% in light. Based on 
our results, light had no consistent effect on dormancy release in blackcurrant. 

Of the temperatures studied here, 0 °C was the most effective, and a 10 wk (1680 CU) 
treatment was sufficient to remove the endodormancy. The optimum chilling temperature for 
blackcurrant is low compared to other temperate zone fruit crops, and has in several studies 
confirmed to be close to or below 0 °C. Plancher (1984) found out that the temperature 
optimum to release dormancy was cultivar specific, being lower for low chill cultivars. For the 
cultivars with a high chilling requirement, the optimum temperature was 0°C, when the range 
from -6 °C to +12 °C was studied. In the study of Rose and Cameron (2009), for three Scottish 
cultivars, the optimum temperature for chill unit accumulation for dormancy release varied 
from -3.4 °C (the lowest temperature studied) to +2.2 °C, and the number of chilling units 
required depended on the model used, ranging from under 1500 to over 2100 CU. According 
to Sønsteby and Heide (2014), chilling at -5 °C for 14 weeks was optimal for breaking 
endodormancy of blackcurrant cultivars, and even temperature as low as -10 °C had a chilling 
effect. Similarly, Jones et al. (2015) studying chill accumulation during two different winters 
found out that chilling temperatures lower than 0 °C are important for blackcurrant. This low 
optimum chilling temperature of several cultivars indicates their adaptation to Northern 
climate conditions. 

 
 
 
 
 
 
 
 



 
Figure 4. Percentage of broken buds in blackcurrant ‘Mikael’ (A) and ‘Mortti’ (B) in 

greenhouse forcing after different dormancy breaking treatments including 
temperature, light and duration (5, 10, or 15 weeks). Vertical bars represent ± SEM, 
n = 10. 

 
Frost hardiness 

On December 10, the lowest LT50 value was measured for ‘Almiai’ (-43.1 °C) and the 
highest (-33.2 °C) for ‘Ben Tron’ (Table 1). In the second freezing test on February 12, the LT50 
values were between -31.3 °C and -34.5 °C. The lowest value was recorded for 'Mikael' and 
the highest for 'Ben Tron'. However, the differences between the cultivars in frost hardiness 
were not statistically significantly different in either of the freezing tests. 

‘Almiai’ seemed to be extremely cold hardy in December, and many of its samples 
survived even the lowest test temperature, -45 °C, without damage. Therefore, there was a lot 
of variation in the estimated ‘Almiai’ LT50 values. When the ANOVA for the December 10 
freezing test was performed without 'Almiai', the differences between the cultivars were 
significant (p = 0.006), and based on the Tukey’s test, 'Ben Tron' was less hardy than 'Ben 
Hope' or 'Mortti'.  
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Table 1. Frost hardiness (LT50) of six blackcurrant cultivars measured by controlled freezing 
tests. The values are means of four replicates ± SEM. 

Cultivar LT50 (°C) 
 Dec. 10, 2014 Feb. 12, 2015 
Almiai -43.1 ± 6.6 -34.0 ± 2.9 
Ben Hope -39.6 ± 0.8 -32.9 ± 1.5 
Ben Tron -33.2 ± 0.6 -31.3 ± 1.5 
Gagatai -35.8 ± 0.4 -34.2 ± 1.9 
Mikael -37.7 ± 1.8 -34.5 ± 1.7 
Mortti -37.7 ± 1.5 -32.7 ± 1.9 

 
Based on the winter injury we visually observed on the test field after winter 2012-

2013, March 2013 being the coldest winter month, ‘Ben Tron’ was the least winter hardy of 
these cultivars. ‘Ben Hope’ and ‘Mortti’ were intermediate in hardiness followed by ‘Almiai’, 
while ‘Gagatai’ and ‘Mikael’ were the hardiest cultivars in the field experiment. The LT50 
values of February 12, 2015 for the three least injured cultivars were the lowest, even though  
not statistically significantly different from the other cultivars, which indicates the 
importance of late winter frost hardiness in these conditions.  Our present results also showed 
that ‘Ben Tron’ both released dormancy more easily and had lower frost tolerance than 
several other cultivars, which explains it’s tendency to winter injuries.  
 
CONCLUSIONS 

Of the blackcurrant cultivars studied here, 'Ben Tron' and 'Mortti' had the shallowest 
endodormancy throughout winter, while Lithuanian cultivars ‘Almiai’ and 'Gagatai' had the 
deepest endodormancy. The most effective chilling temperature was 0 °C, when the range 0 
°C to +18 °C was studied. Based on the freezing tests and existing literature, ‘Ben Tron’ was 
the least cold hardy of the studied cultivars, whereas ‘Almiai’ was very cold hardy. 
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