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Abstract: The aim of this paper were to examine the effects of cultivar, year, and cultivar by year interaction
on pomological traits such as fruit weight, Soluble solid content (SSC), and total acid amount of 10 raspberry
cultivars (Rubin, Summit, Holland dwarf, Heritage, Tulameen, Aksu red, Nuburg, Canby, and Willamette),
which were cultivated at Ankara ecological conditions during 2002-2005 by using Repeated Random Complete
Design (RRCD). It was found that the varieties could be classified from the heaviest to the lightest as
Willamette, Tulameen, Canby, Heritage, Aksu red, Nuburg, Holland dwarf, Rubin and Summit species, in terms
of fruit weight. The varieties could be classified from the one having highest SSC to one having lowest SSC
as Willamette, Nuburg, Canby, Heritage, Tulameen, Holland dwarf, Rubin, Aksu red and Summit, in terms of
the amount of dry substance, which can be solved in  water. Moreover, the varieties could be classified from
the one having highest total acidy to one having lowest total acidity as Willamette, Summit, Canby, Heritage,
Rubin, Nuburg, Holland dwarf, Aksu red and Tulameen species, in terms of total  acids. As a result, it was
concluded that the effects of cultivar, year, and cultivar year interaction on Fruit Weight, SSC, and Total acid
were much significant (P<0.001). Therefore, we can suggest Repeated Random Complete Design (RRCD)
because determination coefficient of RRCD for all traits ranged from 98.41 (%) to 99.938 (%).  
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INTRODUCTION

Ağaoğlu[1] informs that when we say bramble fruits,
grape, strawberry, blackberry, gooseberry, bektaşi grape,
blueberry, and oleaster are the ones that come to mind at
first. Raspberry and blackberry are both called “bramble
fruits”; their small fruits are called “drupelet”; endocarp
and seeds are called “piren”[1,9,12].

These plants live in the form of shrub which is
deciduous. Their shoots are biannuals and their roots are
perennials. Their growth continues from spring to autumn.
In the second vegetation period, these shoots branches out
by creating side-shoots which have significant small
flower clusters which can be seen on the points of these
branches. Depending on the species, there are thorns look
like feathers with different height and different size, on
the shoots and leaves[1]. 

Their fruits are most suitable for industry and
consumed as jam, marmalade, cake, and fruit juice.
Raspberry is healthy for bowel and breast cancer and
besides this; it makes digestion easy and emphasized that
it is also healthy for the wounds inside the mouth[16,14]. 

The raspberries, which are commonly grown
worldwide, are the ones which occur as the sub-cultivar
red raspberry species[10]. In raspberry production, USA,
Russia, Yugoslavia, Germany and Sacristans take the first
place[3].

Raspberry plant has more than 200 cultivars in the
world. There are red, black, yellow and purple raspberries
whose farming is done[7]. Although it is somehow new in
Turkey compared to USA and some European countries,
attempts for industrial aspects have been carried out
largely[1]. 

Production  of  raspberry fruits which look like
grapes is a brand new issue for Turkey, when it is
compared  with  the  other  species  whose  cultures have
been  already  done.  Except  strawberry,  other species
are  hardly  grown,  and wild forms of most of them can
be  seen  in  different  regions  of  Turkey. This richness
in wild population shows that Turkey’s ecologic
conditions are suitable for the production of the cultivars
of this species. Low potential in production level is
mostly because of the ignorance of the farmers.
Moreover, difficulties in obtaining the suitable growing
materials, and lack of adaptation studies, according to
agriculture instructions, are certainly effective in this
issue[2].

Raspberry plant grows successfully in the places
where is cold in winters, cool in summers with humidity
and sun, and where is rich in terms of organic substance.
In Turkey, raspberry plants can be seen from South and
East Marmara region to Black sea Region, Artvin, places
where precipitation is higher than 100 m, places where
look to the North[10]. 
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When the ecologic conditions are examined, Ayaş
town, which is in Ankara and creates a microclimate
place, has suitable conditions for growing fruits which
look like grape, like having the same suitable conditions
in growing other species. 

The paper aimed to prove the effects of cultivar, year
on Fruit weight, Soluble solid content, total acid
regarding ten raspberry varieties cultivated at Ankara
condition during 2002-2005.  

MATERIALS AND METHODS

This research was carried out in Ayaş (Ankara, the
capital of Turkey), from 2002 to 2005. In the
experimental area, Rubin, Summit, Holland dwarf,
Heritage I, Heritage II, Tulameen, Aksu red, Nuburg,
Canby and Willamette raspberry cultivars were used.

A total of ten raspberry species in the plots of
experiment were used, namely, Rubin, Summit, Holland
dwarf, Heritage, Tulameen, Aksu red, Nuburg, Canby and
Willamette.  Regarding to the traits such as fruit weight,
soluble solid content (SSC) and total acidity, the
hypothesizes regarding between varieties, between years,
and variety by year interaction were controlled using
Repeated Random Complete Design with 3 replications,
combined of four Random Complete Designs[15]. The
statistic model of experiment design can be written as
follows:

(1)( )ijk i j ijkij
Y a b ab e= µ + + + +

Where, 
Yijk : the product amount in j. year of k. replication in i.

variety (Rubin, Summit, Holland dwarf, Heritage,
Tulameen, Aksu red, Nuburg, Canby, Willamette)

µ : General mean 
ai : ith variety effect
bj : jth year (2002, 2003, 2004 and 2005) effect
(ab)ij: ith variety by jth  year interaction effect 
eijk : Random error.   

Besides, Determination Coefficient, Model R-Square,
of statistic model mentioned above for each trait was
calculated as %.      

When the hypothesizes regarding between varieties,
between years, and variety by year interaction were
statistically significant, comparisons of sub-groups
regarding variety and year effects were evaluated by
Duncan’s Multiple Range Test in GLM procedure of SAS
program[13]. Besides, comparisons of sub-groups for
variety by year interaction effect were evaluated by using
Duncan’s Multiple Range Test in range option of
MSTATC program.   

RESULTS AND DISCUSSIONS

According to RRCD, The effects of cultivar, year,
and cultivar year interaction on Fruit Weight, SSC, and
Total acid were much significant (P<0.001). 

Pomologic features such as fruit weight, SSC and
total acidity amount were detailed for the raspberry
cultivars (Table1-3). 

Fruit Weight: It was found that the best cultivar in terms
of fruit weight was Willamette. In 2003, the heaviest fruit
was obtained in Willamette cultivar. When 2002, 2003,
2004 and 2005 were compared, it is determined that the
data obtained in 2003 had the heaviest fruit (Table1). 

For the Rubin cultivar, fruit weights in 2002 and
2003 were higher than those of the following years.
What’s more, after the first two years, fruit weight
averages decreased. For the Rubin cultivar, it can be said
that, its adaptation was not so promising (Table 1).

For the Summit cultivar, the best average, in terms of
fruit weight was obtained in 2003, but in this cultivar, a
decreasing in fruitfulness was seen after 2003. After 2003,
it was determined its adaptation was not so promising
(Table 1).

In Holland dwarf cultivar, the heaviest fruit weight
increased in a positive way year by year, and its
adaptation was quite promising (Table 1). 

Heritage I and Heritage II cultivars showed similar
trends according to the years, in terms of fruit weight. For
the Heritage cultivar, it can be said that the best year was
2005. From Heritage I, only the spring product, but from
Heritage II both the spring and autumn product could be
obtained (Table 1).

When the Tulameen cultivar was examined, the
heaviest fruit weight is obtained in 2003 and 2004. But in
2005, the fruit weight decreased. As a result of 4 years, it
was found that for the fruit weight this variety at the
second place (Table 1).

In Aksu red cultivar, in terms of fruit weights, 2003
and 2004 years were better. According to the years, there
was a difference in this trait (Table 1). 

In Nuburg cultivar, in 2004 and 2005, in terms of
fruit weight, considerable increase was observed.  It can
be said that its adaptation was quite promising (Table 1).

In Canby cultivar, an increase in fruit weight could be
seen until 2004, but in 2005 a fruit weight dropped to a
level equal with the one in 2003. In terms of all years, this
variety was at the third place in terms of fruit weight
(Table 1).

Generally, when only the years compared, in terms of
fruit weight, the best year was 2003. And 2005, 2004 and
2002 followed 2003 respectively in this classification
(Table 1).
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Table 1: Fruit weights of Raspberry varieties in 2002, 2003, 2004 and 2005 (g).
Average

2002 2003 2004 2005 -------------------------------------

Cultivars NXX S± XX S± XX S± XX S± XX S±
Rubin a1.56±0.06g a1.58±0.12i b1.48±0.06i c1.15±0.06i 1.44±0.52H  12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Summit b1.16±0.12i a1.23±0.12 j c1.04±0.12j  d0.96±0.12j 1.10±0.32I 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Holland dwarf c1.530±0.06h b1.64±0.12h b1.60±0.12h a1.82±0.06g 1.65±0.32G 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Heritage I c1.78±0.12e b1.87±0.12e d1.68±0.06g a1.94±0.12f 1.82±0.30E 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Heritage II c1.82±0.12d b1.95±0.12d d1.77±0.06f a2.03±0.12d 1.89±0.31D 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tulameen b2.46±0.12b a2.53±0.12b a2.52±0.06b b2.45±0.12b 2.49±0.12B 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aksu red a1.82±0.12d b1.77±0.12f a1.81±0.06e b1.78±0.06h 1.79±0.07F 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nuburg c1.61±0.06f b1.65±0.06g a1.95±0.12d a1.97±0.06e 1.79±0.50F 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Canby c2.11±0.06c b2.18±0.06c a2.29±0.03c b2.18±0.12c 2.19±0.19C 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Willamette b2.99±0.06a a3.02±0.06a b2.99±0.06a b2.98±0.06a 2.99±0.06A 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Average 1.88±0.92D 1.94±0.91A 1.92±0.98C 1.93±1.02B 1.92±0.47 120
Model R-Square(%)= 99.938    Model CV (%) =0.822* Small letters at the left is the comparison of years in same cultivar for fruit weight 
* Small letters at the right is the comparison of cultivars in the same year for the fruit weight

Table 2: Amount of SSC in Raspberry cultivars in 2002, 2003, 2004 and 2005 (brixo).
Average

2002 2003 2004 2005 -------------------------------------

Cultivars NXX S± XX S± XX S± XX S± XX S±
Rubin c16.20±0.06de c17.00±0.58ef a21.70±0.06d b20.30±0.12e 18.80±0.70F 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Summit c13.80±0.12f c14.10±0.06g b22.10±0.06d a23.40±0.12b 18.35±1.33G 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Holland dwarf a18.80±0.12b a19.30±0.12d a19.00±0.58ef a18.90±0.06f 19.00±0.14F 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Heritage I b15.80±0.12e b16.20±0.12f a24.80±0.12b a24.10±0.06b 20.23±1.28D 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Heritage II c17.60±0.12c b18.60±0.12d a21.50±0.12d a21.00±0.58de 19.68±0.51E 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tulameen b20.20±0.06a a21.50±0.06c c18.50±0.06f c19.20±0.12f 19.85±0.34DE 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aksu red d16.40±0.12de c17.40±0.06e b19.50±0.12e a21.70±0.06cd 18.75±0.62FG 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nuburg c20.00±0.58a a23.40±0.12b a23.40±0.12c b22.00±0.58c 22.20±0.46B 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Canby c17.00±1.15cd b18.70±0.06d a24.10±0.06bc a23.90±0.06b 20.93±0.98C 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Willamette c20.50±0.06a b25.00±0.58a a27.60±0.12a a28.30±0.06a 25.35±0.93A 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Average 17.63±0.40C 19.12±0.59B 22.22±0.50A 22.28±0.50A 20.31±0.31 120
Model R-Square(%)= 98.4144    Model CV (%) =2.563* Small letters at the left are the comparison of the years in the same cultivar
* Small letters at the right are the comparison of the cultivars in the same year

Özdemir[11],  carried out in Tokat-Turkey and a
branch of countrywide raspberry and blackberry
adaptation project, found that Tulameen with a weight of
2.98 g was the variety which had the heaviest fruit. This
was a different result when it was compared with our
studies. 

Daubeny and Anderson[6], studied Tulameen cultivar
in their research, found that this cultivar’s fruit weight
was 5.38 g, its color was bright red and had a good shelf
life, and they could conserve their shapes without any
damage in 4 oC degree for 8 days, and it had suitable fruit
for fresh consumption. 
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In another study carried out in Samsun and Yalova
ecologic conditions, Tulameen became the cultivar which
had the biggest fruit (4.80 g and 3.83 g, respectively) in
both ecologic conditions[8]. According to our results,
Tulameen cultivar was at the second one in Ankara
conditions, in terms of fruit weight, after Willamette.

Soluble Solid Content (SSC): As the results are
examined, it was seen that in terms of SSC, the most
advantageous cultivar was Willamette (Table 2). 

For Nuburg cultivar, in terms SSC, it was observed
that 2003 and 2004 are the most advantageous years. In
terms of SSC, it could be said that it was the second
advantageous cultivar after cv. Willamette (Table 2).

For the Rubin cultivar, in terms of SSC, the most
advantageous year was 2004. For Canby cultivar, while
an increasing inclination was observed, in 2004 and 2005
it was at the highest level (Table 2). 

For Summit cultivar, in 2002 and 2003, amount of
SSC was similar and in the following years, it increased.
For SSC, the most advantageous year was 2005 (Table 2).

In Heritage cultivar, amount of soluble substance was
similar at the first two years and the last two years’ level
was also the same but, observed to be more than those of
the first two years. It could be said that the last two years
are the most advantageous ones. In Tulameen cultivar, in
terms of amount of SSC, the most advantageous year was
2003 (Table 2).

In Aksu red cultivar, in terms of SSC, a curve which
increases year by year was observed. For Aksu red, it
could be said that adaptation was getting better by year
(Table 2). 

For Holland dwarf cultivar, amount of SSC was at a
constant level in years. Holland dwarf, in in all cultivars,
except Tulameen cultivar, could be said that its adaptation
became better in years. Generally, in terms of SSC, it can
be said that there was a good increasing. 2004 and 2005
were the most advantageous years (Table 2). 

For 2002 SSC values, it was found that, at the first
year, the most advantageous cultivars were Willamette,
Nuburg, and Tulameen. For 2003 SSC values, the most
advantageous cultivar was only Willamette and it was
observed that the difference between Willamette cultivar
and Nuburg  and  Tulameen cultivars was important
(Table 2). 

For 2004 SSC values, the advantageous cultivar was
Willamette and the next three orders were Heritage,
Canby, and Nuburg. For 2005 SSC values, the most
advantageous cultivar was Willamette, the next two were
Canby and Nuburg (Table 2).

According to a study, carried out in Tokat region, the
amount of SSC was found the lowest in Holland dwarf
with 9.39 brixo and found the highest in Meeker with
14.75 brixo[11]. This was a completely different result from

the ones which we found. In our researches, the highest
SSC was found in Willamette cultivar as 20.50 brixo, the
lowest SSC was found in Summit cultivar as 13.80 brixo.

In a research carried out with the same raspberry
cultivars in Bursa, it was said that amount of SSC differed
between 11.8 - 9.1 brixo[4]. These amounts of SSC values
found were a little bit less than ours. This might be
because of ecologic conditions. 

In a study, carried out in Canada, it was found that
for the raspberry species, amount of SSC were between
11.8 -  8.1 brixo[5]. The results of this study were not to
close our results.

In a study, carried out with the same cultivars in
Samsun, SSC values of the cultivars were found to be
11.00 brixo (Willamette) -14.00 brixo (Meeker)[8].
According to our results, the cultivar which had the
highest SSC amount was Willamette. However, the
cultivar which had the lowest amount of SSC was
Summit, according to our results. 

Total Acid: When the results were examined, in terms of
total acidity, the most advantageous cultivar could be
Willamette. The best values were obtained in 2003 and
2004 (Table 3). 

For Summit cultivar, it was observed that the year
which had the most acidity was 2003 and in the other
years it had similar values. In terms of total acidity, it was
found to be the second most advantageous cultivar after
the Willamette (Table 3). 

When the Canby cultivar’s total acidity is examined,
it was observed that the year which it had the most acidity
amount was 2003. Heritage cultivar was noticed to have
the best acidity in 2003 and 2004. In Rubin cultivar, when
the total acidity was examined, it was found that, the most
total acidity was in 2005 (Table 3).

When we look Nuburg cultivar’s total acidity, it was
observed that the most acidity was in 2004. In Holland
dwarf cultivar, it was noticed that the most acidity was in
2003 and 2004.  In Aksu red, the years when the total
acidity was at the highest level were 2004 and 2005.
When we looked at the Tulameen cultivar’s total acidity
amount, it was observed that, it had the most acidity level
in 2004 and 2005 (Table 3).

Generally, when we looked at the total acidity
amount; for 2002, 2003, 2004 and 2005 years, the
advantageous cultivars with their order were: Willamette,
Summit, and Canby cultivars (Table 3).

According to a research carried out in Tokat ecology,
cultivar with the least total acidity was Aksu red with
13.21 g/1 and cultivar with the highest  total acidity was
Willamette with 20.42 g/1[11]. Our results were extremely
different from these findings.

With approximately a reliability of % 100 having
Model R-Square for each trait, by looking to these results,
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Table 3: Total Acidity Amounts of Raspberry Cultivars in 2002, 2003, 2004 and 2005 (g/l).
Average

2002 2003 2004 2005 -------------------------------------

Cultivars NXX S± XX S± XX S± XX S± XX S±
Rubin d 24.30±0.06e c25.50±0.06f b28.20±0.12e a29.00±0.58cd 26.75±0.59F 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Summit c29.40±0.06b a33.80±0.12b b31.20±0.12b b31.00±0.58b 31.35±0.49B 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Holland dwars b23.00±0.58f a26.00±0.58f a26.20±0.12gh b23.20±0.06h 24.60±0.49H 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Heritage I c27.30±0.06d b 28.60±0.12e a29.60±0.12d b28.50±0.58d 28.50±0.28D 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Heritage II b28.10±0.06c a29.70±0.06d b27.50±0.06ef c26.40±0.12f 27.93±0.36E 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tulameen d21.20±0.12h c22.20±0.12h a26.80±0.12fg b25.10±0.12g 23.83±0.68I 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aksu red d22.10±0.06g c23.40±0.12g a25.70±0.12h b24.80±0.06g 24.00±0.41I 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nuburg d22.90±0.06f c23.97±0.68g a29.30±0.06d b27.70±0.06e 25.97±0.80G 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Canby c29.00±0.58b a32.40±0.12c b30.40±0.12c c29.30±0.12c 30.28±0.42C 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Willamette c32.10±0.06a a35.30±0.12a a34.70±0.12a b33.50±0.12a 33.90±0.37A 12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Average 25.94±0.66D 28.09±0.81B 28.96±0.48A 27.85±0.55C 27.10±0.33 120
Model R-Square(%)= 98.9412    Model CV (%) =1.6413* Small letters at the left are the comparison of years in the same cultivar
* Small letters at the right are the comparison of cultivars in the same year

as we can see, pomological features are effective factors
in terms of cultivar and differ according to the region.
Thus, we can say that ecology has a significant effect on
plant adaptation in raspberry. 
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