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GROWER SUMMARY 
 

Headline 
 
The Dutch and the German Tulameen clones produced the best fruit quality under 

UK growing conditions and are now used by the NSA in their high health 

propagation. 

 

Background and expected deliverables 
 
Within the UK raspberry industry there are a number of different clones of Tulameen 

in propagation and fruit production. There is concern within the industry that fruit 

quality varies considerably between these clones, with some clones exhibiting 

inconsistent fruit quality resulting in increased harvest labour costs and depressed 

class 1 sales. The need to improve the quality and consistency of Tulameen fruit 

produced in the UK provided the objective for this project.  

 

The aim of the project was to identify the Tulameen clone that produced the best fruit 

quality in terms of fruit conformation, drupelet uniformity and drupelet size. It is 

proposed that the best clone will be selected and made available to the UK fruit 

industry by the NSA. This will help to reduce harvest labour costs and improve the 

competitiveness of UK produced Tulameen cane and fruit. 

 
Of the seven clones included in the trial, four originated from the UK (NSA 2004/5/6/7 

releases), and one each from Germany, the Netherlands and the USA. All of these 

clones are currently propagated and fruited in the UK.  

 

Summary of the project and main conclusions 
 
The trial was assessed over two harvest seasons. 

 
In year one the overall fruit quality produced was both variable between clones and 

within clones. The variability within clones did not correspond to any particular 

replicate but was found across replicates. This variability may have been influenced 

by the history of the cane prior to lifting as the canes were sourced from a number of  
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different locations. It may also have been due to the cane establishment in trial 

during the first transplanting year. However, it did show that the Dutch and the 

German clones had the best fruit quality. 

 
In year two the results for each clone were consistent between replicates and 

between and within clones. 

 

The final results for the quality assessments in year two are provided in the table 

below. 

 

Clone Fruit 
Conformation Drupelet Uniformity Drupelet Cohesion 

NSA 2004 5.50 5.50 5.25 

NSA 2005 5.00 5.50 5.50 

NSA 2006 4.75 4.75 4.75 

NSA 2007 6.50 6.50 6.25 

Germany 7.50 7.75 8.00 

Holland 7.50 7.75 8.25 

USA 5.50 5.00 5.50 
Score:  1 to 9  (1 = poor; 5 = intermediate; 9 = excellent) 

 
The Dutch and the German clones showed the best and most consistent fruit quality 

in both year one and year two. Both of the clones had very regular fruit conformation 

with good drupelet cohesion through the season. Few if any drupelets were missing 

in a fruit and there were also few irregular sized drupelets. The drupelets were quite 

tightly held together giving a firm fruit that plugged easily on picking and held 

together well post harvest. The drupelet uniformity was good with each drupelet 

within a fruit being of a similar moderate size. The occasional fruit did show some 

differences in drupelet size around the base of the fruit. However, the whole 

appearance of the fruit was generally regular, neat and compact. 

 
The USA clone was much more variable in quality than the Dutch or German clones. 

There was very good conformation on some of the fruits with excellent cohesion and 

drupelet uniformity giving a very firm structure and compact fruit. However, there was 

considerable variability within the clone with some fruits showing extra large 

drupelets with poor cohesion. Within a fruit, drupelets also showed some differences 

in size leading to a very irregular appearance with some fruits having poor cohesion. 
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This variability was found between canes rather than within a cane. The fruit quality 

was therefore marked down for this variability. 

 

The quality of the NSA clones was inferior to the Dutch and German clones. The 

NSA 2007 clone showed the best fruit quality of the four with reasonable uniformity 

and cohesion between drupelets. More variability was found in the NSA 2006 clone 

than the other four. Irregularity in drupelet size and cohesion was shown with some 

berries falling apart at harvest. Some of the fruit also had missing drupelets.  

 

The NSA 2004 and NSA 2005 clones were very similar in fruit conformation, drupelet 

uniformity and cohesions, both showing some irregularity in drupelet size within 

berries and only average cohesion resulting in uneven conformation.  

 
The project concludes that there are differences in terms of fruit quality between the 

current ‘clones’ of Tulameen grown in the UK and near continent. The Dutch clone 

held at Naktuinbouw in the Netherlands and the German clone used by certain 

propagators in Germany and the UK, were identified as producing the fruit with the 

best conformation of all the seven clones included in the project.  

 

The NSA is now using the Dutch clone in their high health propagation. 

 

 

Financial benefits 
 

By using the Dutch or the German Tulameen clone in fruit production, as opposed to 

the five other clones included in this project, a larger proportion of the fruit produced 

will be of a regular, uniform shape and the drupelets will be more cohesive within the 

berries resulting in a higher proportion of class 1 fruit per hectare and total 

marketable fruit. This increase in class 1 fruit will also reduce the picking costs 

required to harvest an area of fruit. 

 

Growers looking to plant new plantations of Tulameen should see no extra cost 

associated with sourcing the Dutch Tulameen clone from NSA propagators. 
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Action points for growers 
 

• The NSA now source their high health Tulameen material solely from the 

Dutch clone held at Naktuinbouw in the Netherlands. 

 

• The Dutch Tulameen clone is available either from NSA propagators or direct 

from propagators who have sourced their high health stocks from 

Naktuinbouw.  
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SCIENCE SECTION 
 

Introduction 
 
A number of different Tulameen clones are currently grown for fruit production in the 

UK. These clones have been noted to be different in terms of fruit quality produced. 

In order to increase the consistency of Tulameen Class 1 fruit production per hectare 

and increase the proportion of marketable fruit a comparative trial to select the best 

clone in terms of fruit quality was deemed necessary. Fruit quality recorded on 

different grower sites for particular clones does not provide sufficient evidence to 

select the clone with the best fruit quality as plant material, growing systems, 

environmental conditions, husbandry techniques and nutrition can all effect the fruit 

quality.   This project therefore brought all the clones onto one site where the growing 

conditions would be uniform.  Variability would then be due to clonal differences and 

the quality and history of the original plant material. 

 

Materials and methods 

Planting material 

Included in the trial were seven  Tulameen raspberry clones originating from the UK, 

Germany, Holland and the USA as shown in Table 2 below. 

 

Table 2. Tulameen clones, origin and type  

 

No. Clone Origin Supplier Cane type 

1 NSA 2004  NSA Ltd Long cane, bare-root 

2 NSA 2005 NSA Ltd Long cane, bare-root 

3 NSA 2006  NSA Ltd Long cane, bare-root 

4 NSA 2007 NSA Ltd Long cane, potted 

5 Germany R W Walpole Ltd Long cane, bare-root 

6 Holland Naktuinbouw Long cane, bare-root 

7 USA Haygrove Plants Ltd Long cane, bare-root 
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In order to produce results in the shortest timescale long cane Tulameen was used in 

year 1 to enable fruit to be harvested in the same season as transplanting occurred. 

The long cane clones were gathered together in December 2008 from four suppliers 

(see Table 2 above). The bare-root cane supplied was lifted immediately prior to 

dispatch to the NSA.  On receipt the canes were securely wrapped in paper bags and 

fleece to allow the cane to breathe but to limit desiccation and the root wrapped in 

polythene and cold stored at minus 2ºC. The potted canes had not received any cold 

storage prior to dispatch to trial.  

 

All clones were cold stored on 16 December except for the USA clone, which was 

cold stored on 11 December. All canes received at least 14 weeks in the same cold 

storage conditions at R W Walpole prior to planting in trial, which should have amply 

satisfied the chilling requirement. 

 

The canes were found to be of good quality going into storage and no damage was 

noted post cold storage. Canes from the NSA 2007 clone had been grown as potted 

plants and were of a slightly larger cane diameter and were taller than the other 

clones supplied. The potted canes therefore started with an advantage in that they 

did not need to expend as much energy on root replacement as the bare-root canes. 

Consequently a difference in fruit quantity and fruit size was expected and indeed 

noted.  However differences in fruit quality wereneither expected nor  seenfor. 

 

In year one all clones except for NSA 2007 were less than two metres in height. As 

the trial was not unduly concerned with fruit yield per cane, NSA 2007 was the only 

clone where the canes were tipped to two metres to enable the cane to be secured to 

the supports. This resulted in a greater number of laterals being produced by this 

clone.  

  
The long cane supplied for this project was sourced from four different sites in the UK 

and Holland. Each site will have handled the canes differently in terms of nutrition, 

planting density and general husbandry post lifting. In addition one of the clones was 

produced in pots whereas the other six were bare-root cane. There was also 

variation in the cane height, cane diameter and bud break. Though the cane 

appeared to establish well in trial, in the establishment year more of the plants’ 

energy is expended in root replacement, which may have had some effect on fruit 

production.  After planting in trial the canes were subjected to a period of very high  
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temperatures in June 2009 at a critical point in the development of the foliage and 

this caused some scorching of the foliage.  

 

Due to concern that the 2009 project results could have been influenced by some or 

all of the above factors the trial was continued into a second season. 

 

Over-winter the clones remained in-situ and the tunnel polythene was removed to 

permit winter chilling. Each clone experienced the same environmental conditions 

and received the same nutrient input during autumn 2009 to ensure that all clones 

started the 2010 fruiting season in as uniform a state as possible. Any differences 

observed in fruit quality during the 2010 harvest should then be related to the clone 

rather than the history of the cane in the previous autumn. 

 
Trial design and establishment 
 
In year one the canes were removed from cold store into a cool building where they 

slowly thawed for 48 hours. On 31 March 2009 24 canes from each clone were 

planted at two canes per 15 litre pot in a free-draining raspberry compost mix. The 

pots were positioned in a poly tunnel in a randomised block trial design using four 

blocks/replicates, each replicate represented by one row, with each plot consisting of 

six canes (three pots). In-row pot spacing was 0.5 metres with an inter-row spacing 

of 1.5 metres. The trial was located on a sheltered, flat nursery site at R W Walpole 

Ltd. Drip fertigation (Sangral raspberry feed) was supplied to each pot and 

supplemented with additional hand watering as conditions required. The canes were 

securely supported by post and wire structures with additional string supports. 

Husbandry of the canes was provided by R W Walpole Ltd. 

 

The majority of the canes established well and in spring 2009 bud break achieved 

was recorded at between 40% and 80% of the cane height. During June 2009 for a 

six-day period high temperatures were experienced under the polythene tunnel at a 

critical point in the development of the foliage. This caused some foliage dieback on 

all plots in each of the replicates. 

 

In year two the canes produced more laterals than in year one so lateral supports 

were introduced to ensure berry quality was not affected. Bud break was greater than  
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55% on all clones and at flowering there was plenty of bee activity within the trial, the 

tunnel ends being open. 

  

Fruit harvest 
 
In year one the fruit was harvested over a five-week period between 7 July and 12 

August. In year two harvest commenced on 28 June. Harvest occurred at least twice 

weekly according to berry ripeness. In year one at each harvest date all the fruit was 

weighed, counted and assessed for quality including fruit shape, drupelet uniformity 

and drupelet cohesion. In year two yield was not recorded, the object of the trial 

being concerned with fruit quality. The fruit was assessed for quality both on and off 

the plug each week. The ADAS Raspberry Consultant, Janet Allen, visited the trial to 

assess fruit quality in both seasons. 

 

Trial assessments 
 
A typical Tulameen fruit is conical in outline shape with a slight kink or pinch in the 

drupelets on one side of the fruit. The fruit is composed of moderate sized and 

spaced drupelets that are uniformly homogeneous and show tight cohesion between 

each drupelet with an even, neat finish to the base of the fruit.  

 

Fruit conformation assessed whether any drupelets were missing from the fruit and 

whether drupelet size conformed to that of a typical Tulameen fruit, this was 

assessed visually on a 1-9 scale where:  

1 = very poor;   

5 = intermediate;   

9 = perfect.  

 

Drupelet uniformity assessed whether there was any size difference between 

drupelets in a fruit and was assessed visually on a 1-9 scale where:  

1 = no uniformity of size or appearance between drupelets;  

5 = intermediate uniformity;   

9 = uniformly even size and appearance of drupelets. 
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Drupelet cohesion was assessed on a 1-9 scale where:  

1 = no cohesion between drupelets;  

5 = intermediate cohesion;   

9 = tight cohesion between drupelets. 

 

Fruit yield and fruit weight were recorded in year one at each harvest date, however, 

the object of this trial being the assessment of observed fruit quality this data has not 

been used other than to quantify the amount of fruit that was used per cane in the 

observation of the quality assessments at each harvest date in year one. In year two 

it was not considered necessary to record the yield data. 

 

Results 
 

In year one the overall fruit quality produced was both variable between clones and 

within clones. The variability within clones did not correspond to any particular 

replicate but was found across replicates. This variability may have been influenced 

by the history of the cane prior to lifting as the canes were sourced from a number of 

different locations. It may also have been due to the cane establishment in trial 

during the first transplanting year. However, it did show that the Dutch and the 

German clones had the best fruit quality. 

 

In year two the results for each clone were consistent between replicates and 

between and within clones. 

 

The final results for the quality assessments in year two are provided in the table 

below. 
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Table 3. Tulameen clones quality assessment results in 2011  

 

Clone Fruit 
conformation Drupelet uniformity Drupelet cohesion 

NSA 2004 5.50 5.50 5.25 

NSA 2005 5.00 5.50 5.50 

NSA 2006 4.75 4.75 4.75 

NSA 2007 6.50 6.50 6.25 

Germany 7.50 7.75 8.00 

Holland 7.50 7.75 8.25 

USA 5.50 5.00 5.50 
Score:  1 to 9 (1 = poor; 5 = intermediate; 9 = excellent) 

 
Fruit conformation 
 

In terms of fruit conformation, the German and Dutch clones produced a regular fruit 

shape typical of Tulameen with few if any drupelets missing. The NSA 2007 clone 

showed reasonable conformation but lacked the overall Tulameen consistency in 

shape. The NSA 2004, NSA 2005 and USA clones were less consistent in shape and 

had more missing drupelets within a fruit, although the USA clone was very variable 

with some excellently conformed fruit on some of the canes but then on adjacent 

plants the conformation was poor. The NSA 2004 showed the least acceptable 

conformation with more missing drupelets than the other clones, which made the fruit 

look irregular as the rows of drupelets did not form parallel lines in some instances. 
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Drupelet uniformity 
 

The size of drupelets within a fruit was found to be the most consistent in the Dutch 

and German clones, with each drupelet within a fruit being of a similar moderate size 

typical of Tulameen. At the base of a few fruits some smaller or larger size drupelets 

were observed, which resulted in the fruit having an irregular appearance to the 

base. The NSA 2006 and the USA clones showed the most inconsistency in drupelet 

size both within and between fruits - some fruits consisted mainly of very large 

drupelets whilst others were extremely uniform in size and this characteristic was 

also noted within fruits.   
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Drupelet cohesion 
 

The degree of cohesion between the drupelets within a fruit was assessed as being 

very good for the Dutch and German clones. On picking the drupelets remained as 

tightly held together as they were prior to harvest. The good conformation and 

uniform drupelet size gave very neat well structured fruit with no weak points. The 

NSA 2006 had the weakest overall cohesion due to the more irregular construction of 

some of the fruit due to gaps forming where drupelets were missing or the drupelets 

size was not uniform.  In a few cases this caused the fruit to fall apart when picked.  
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Discussion 
 

The results show clearly that the best and most consistent fruit quality in terms of fruit 

conformation, drupelet uniformity and drupelet cohesion was produced by the Dutch 

and the German clones. These two clones produced the highest scores for all three 

of the parameters recorded, with very little difference between the two clones being 

observed. These results suggest that these clones are likely to have had very similar 

histories. 

 

Of the four NSA clones included in the project, the NSA 2007 results showed it to 

have the best fruit quality, though not as good as the Dutch or German clones.   

 

The NSA 2004, NSA 2005 and USA clones produced very similar results for each 

parameter observed, though in all cases the scores achieved were less than the 

Dutch and German clones.  

 

The NSA 2006 clone displayed the poorest fruit quality for each of the three 

parameters. 

 

As the NSA clones were all sourced from the same stock but in different years, it was 

expected that the results for each clone would have been very similar.  
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Though this project did not address the reason for the differences observed between 

the seven clones there are a number of possibilities that present themselves. 

Included in these are that:  

 

• The German and Dutch clones may be nearer to the original Tulameen clone 

in terms of generations than the other five clones;  

• They may exhibit more gene stability than the other five clones; 

• They may be less likely to be influenced by tissue culture:  

• They may not have been through tissue culture as often as the other clones; 

• They may have received less mixture over the years.  

 

The difference between the NSA clones may be less easy to explain as they all have 

the same history with only the release date being different. 

 

The use of Dutch or German Tulameen clones by the UK propagation industry 

should increase quality and consistency of fruit produced from UK Tulameen. By 

increasing the class 1 percentage of Tulameen fruit production this should reduce the 

harvesting costs and increase the total marketable fruit produced per hectare so 

increasing the competitiveness of the UK Tulameen crop. 

 

 

Conclusions 
 

The project has confirmed that there are differences in terms of fruit quality between 

the current ‘clones’ of Tulameen grown in the UK and the near Continent.  

 

The project has identified that the Dutch clone held at Naktuinbouw in Holland and 

the German clone used by certain propagators in Germany and the UK, gave the 

best and most consistent fruit quality in terms of fruit conformation under UK growing 

conditions. 
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Technology transfer 
 

Interim Project Report November 2009. 

 

A summary of the year one results was presented at the HDC/NSA seminar in 

November 2009. 

 

An article summarising the final project results was published in the November 2010 

edition of the HDC News. 

 

Final project report November 2010. 
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Appendix 1 – Fruit quality images 

The following are photographs of the extremes of fruit quality found within each clone 

included in the project. 

Clone 1:  NSA 2004 Clone 2: NSA 2005 

  
Clone 3:  NSA 2006 Clone 4:  NSA 2007 

  
Clone 5: Germany Clone 6: Holland 

  

Clone 7:  USA  
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Individual images of the conformation types exhibited in the trial  

 

 

 

 

 

 

 

 

 

 

Photographs of the fruit of the seven clones included in the project 
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Appendix 2 – Images of trial layout 
 

Year 1. Tulameen Clone trial layout  

 

 
 
 
 
 
 
 
 
 
 
 

 
 
Year 1. Replicate 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The four replicates of the trial were included in separate rows within the trial. The 

clones within the replicates were positioned randomly. 
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Appendix 3 -  Year I fruit yield and fruit weight recorded per replicate 
 

Clone Replicate Yield per 
cane (g) 

Average 
yield (g) 

Fruit 
weight (g) 

Average fruit 
weight (g) 

      
NSA 2004 A 214 226 3.2 3.2 
 B 206  3.0  
 C 227  3.3  
 D 256  3.1  
NSA 2005 A 187 175 2.9 3.0 
 B 180  2.7  
 C 162  2.9  
 D 174  3.3  
NSA 2006 A 237 202 3.3 3.1 
 B 204  3.1  
 C 176  2.9  
 D 190  2.9  
NSA 2007 A 619 568 4.5 4.5 
 B 549  4.4  
 C 569  4.6  
 D 533  4.4  
Germany A 186 163 3.4 3.2 
 B 151  3.0  
 C 150  3.0  
 D 163  3.6  
Holland A 206 219 3.0 3.4 
 B 259  3.6  
 C 216  3.4  
 D 194  3.5  
USA A 271 336 4.0 3.6 
 B 358  3.6  
 C 317  3.5  
 D 399  3.4  
      

 
NB 

1. In the first year of the trial (2009) the bare root long cane will have been 

putting energy into root replacement so taking away some resources from 

fruit production, which is why the total yield from the potted cane (NSA 2007) 

was higher than the bare-root cane in this first year.  

2. In the second fruiting season (2010) the bare-root cane returned to normal 

fruit production levels as the root had not been disturbed.  

3. However, fruit quality results, the main object of the trial, should not have 

been affected by cane type.  

______________________________________________________________ 
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