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Abstract

LeposAvic, A., D. Durovic, Z. Keserovic and D. Jevremovic, 2015. vegetative and yield potential of 
cultivars and selection of raspberry cultivated in conditions of West serbia. Bulg. J. Agric. Sci., 21: 153–159

over a four-year trial  conducted in agro-ecological conditions of the West serbia, research was done into major vegetative 
characteristics and yield potential of the Tulameen, Latham and meeker cultivar and the K 81-6 selection, in comparison with 
the standard Willamete cultivar. The examined traits included the number of young shoots in the first and the second genera-
tions, as well as the impact of multiple removals of young shoots on the number of mature shoots. The height and the diameter 
of mature shoots were also measured. The yield potential was determined based on the number of fruit-bearing branches per 
shoot, the number of flowers per fruit-bearing branch, branch length, number of nodes, number of reproductive nodes, number 
of fruits per reproductive node, number of inflorescence flowers and number of developed leaves.
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Introduction

The number and level of development of young raspberry 
shoots represent significant parameters in evaluation of the 
vegetative and yield potential. it is based on these traits that 
implementation of certain pomo-technical measures is deter-
mined (removal of first series), as well as the system of rasp-
berry cultivation (row, espalier, trellis and others).

According to Crandall (1980), a major impact on raspber-
ry yield is made by the number of shoots and their vigour, that 
are directly dependent on the implemented pomo-technical 
and agro-technical measures. Freeman et al. (1989) deter-
mined that the removal of shoots ought to be adapted to the 
specific traits of a cultivar, as well as to the specific climatic 
conditions of the area where the raspberry is grown, since 
cultivars with a lower production of shoots demonstrate less 
need for this measure, compared to the cultivars character-
ised by a lower fruit yield and quality, caused by a high pro-
duction of shoots.

Crandall et al. (1974) concluded that larger-diameter 
shoots secure higher and more stable yields, due to a better 
supply of nutrients to the buds, as compared to smaller-diam-

eter shoots. in the research conducted by Cicala et al. (2002), 
the height of shoots in fall-bearing raspberry cultivars ranged 
from 106.6 cm (Polana) to 186.6 cm (sumo), while the length 
of the inter-nodes ranged from 3.1 cm (sumo) to 6.7 cm (Joan 
squire). in their research of the biological and pomological 
characteristics of a number of single-bearing and ever-bear-
ing red raspberry cultivars, Joublan et al. (2002) point to the 
large height of shoots and fruit-bearing branches in the Tu-
lameen and Meeker cultivars. Marinkovic et al. (2008) stated 
that the average diameter of the shoots in different cultivars 
ranges between 7.89 mm (Willamette) and 10.23 mm (skee-
na). According to the same authors, the number of fruit-bear-
ing branches per shoot in different cultivars ranged between 
13.25 and 22.0. eyduran et al. (2008) point to a significant 
impact of the number of shoots, their height and diameter, on 
the yield and fruit mass, in the 10 tested raspberry cultivars 
in the region of Central Anatolia (Turkey).

The length of fruit-bearing branches in the various rasp-
berry cultivars and selections ranged between 29.2 mm and 
89.4 mm, while the number of fruits per fruit-bearing branch 
was between 12.0 and 17.4 (veličković et al., 2004). The same 
authors have established that the largest number of shoots 
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per metre of espalier length was present by the K 81-6 selec-
tion, while the smallest number of shoots was recorded in the 
Meeker cultivar. stanisavljević (1990) states that the length 
of the fruit-bearing branches was in the range from 28.9 cm 
(Zeva) to 52.3 cm (Podgorina). The number of inflorescenc-
es per fruit-bearing branch depends on the genotype, i.e. the 
cultivar. orhan et al. (2006) stated that this number in the 
Heritage cultivar was in the range of 12.0 to 15.7.

Materials and Methods

A comparative study of the vegetative characteristics and 
the yield potential was conducted using a selection of red rasp-
berry cultivars meeker, Latham, Tulameen, the K 81-6 selec-
tion and the Willamette cultivar (the latter being used as the 
standard, or control). The cultivars and the selection were 
planted in a random order, in four repetitions of 50 plants each, 
and were grown using the Leposavić et al. (2013) method.

The number of young shoots was determined in the first 
and the second generations, and so were the number of young 
shoots per mature stem and the number of young shoots per 
metre of espalier length. The counting of the young shoots was 
performed in every year, in two sessions – one in mid-April and 
the other one, in mid-may. After the counting, all the shoots 
were mechanically removed all the way to the base (regardless 
of their height). The counting of the shoots was performed in 
4 repetitions for each of the tested raspberry cultivars and the 

raspberry selection. The width across which the shoots were 
counted measured 60 cm on either side of the espalier.

The number of mature shoots was determined (the total 
number of shoots per meter of length, the shoot heights and 
the shoot diameter at a height of 40 cm above the soil sur-
face). The verification of numbers, as well as the bio-metric 
traits of the mature raspberry shoots was performed follow-
ing the harvest, immediately after the cutting and removal 
of the shoots that yielded fruits in the given year. The test-
ing was performed in the same fields where the young shoots 
were counted.

The traits of the fruit-bearing branches that were moni-
tored included the number of fruit-bearing branches per shoot 
(20 shoots), the number of flowers per fruit-bearing branch 
(20 shoots), length of branch (mm), number of nodes, num-
ber of reproductive nodes, number of fruits per reproductive 
node, number of flowers per inflorescence, and the number of 
developed leaves.

Results and Discussion

The analysis of variance of the number of young shoots 
of the first generation indicates the presence of significant 
differences among the cultivars, years of growth, as well as 
the presence of a major interaction cultivar x year (Table 1). 
Compared with the Willamette cultivar, a significantly higher 
number of the first-generation shoots was found in the Latham 

Table 1 
Number of young and mature shoots of the examined raspberry cultivars and raspberry selection

Treatment First  
generation

second  
generation

Number of  
young shoots  

per metre

Number of  
young shoots per 

mature stem

Number of  
mature stems  

per metre

cultivar 
(A)

meeker 124.56** 236.69** 361.25** 65.68** 11.50**
Latham 190.00** 360.63** 550.63** 100.33** 17.00**
K 81-6 164.00* 306.13* 470.13* 85.63* 15.06**
Tulameen 49.00** 109.88** 158.88** 29.01** 5.88**
Willamette 151.75 293.5 445.25 80.95 13.63

Year (B)
 

2003 85.60 c 160.55 c 246.15 d 44.85 d 11.65 c
2004 167.95 a 257.05 b 425.00 b 77.42 b 13.25 b
2005 123.55 b 269.70 b 393.25 c 71.54 c 10.90 c
2006 166.35 a 358.15 a 524.50 a 95.474 a 14.65 a

ANovA       
Cultivar (A) ** ** ** ** **
Year (B) ** ** ** ** **
A × B  ** ** ** ** **

**significant differences among means at P < 0.05 and P < 0.01 based on the Dunnett’s test and ANovA results (F-test); 
A, B treatments in cultivars and years; ns – non-significant; a-d non-justified differences at P < 0.01 based on the Duncan’s 
multiple range test
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cultivar (P < 0.01) and the K 81-6 selection (P < 0.05), while 
the Meeker and Tulameen cultivars had a significantly lower 
number of shoots (P < 0.01). similar results have been report-
ed by Koron (2004), pertaining to the research conducted in 
slovenia, involving the same cultivars. A significantly high-
er number of young shoots was recorded in the second and 
the fourths years (with recorded values being very similar), 
whereas the lower number that was recorded in the third and 
the first years occurred as a consequence of the extremely 
low rainfall during the winter and spring, especially in the 
first year of the trial.

The presence of the significant cultivar x year interaction 
is an indication of the different behaviour of the cultivars in 
the trial period. in the first year, characterised by the lowest 
production of the first-generation shoots, a significantly high-
er number of shoots in comparison with the control group 
was observed in the Latham cultivar, whereas it was signifi-
cantly lower in the Tulameen cultivar. in the following two 
years, however, the Meeker cultivar also showed a significant 
difference in relation to the control cultivar. Finally, in the 
fourth year of growth, the only the Tulameen cultivar showed 
a significant difference in relation to the control group. The 
cause of this phenomenon lies in the different patterns of be-
haviour of cultivars with smaller, i.e. higher production of 
shoots. precisely, unlike the cultivars characterised by a high 
shoots production (Latham and K 81-6) which reached their 
maximum in the second year of growth, the cultivars with the 
lower shoot production reached their maximum in the first 
year, so that their number of young shoots did not vary sig-
nificantly, with the exception of the Tulameen cultivar.

The analysis of variance of the number of the second-gen-
eration shoots is also indicative of the presence of significant 
differences among the cultivars and the years of growth, as 
well as the presence of the cultivar x year interaction. Not-
withstanding the considerably higher number of the second-
generation shoots, the differences between certain cultivars 
in comparison with Willamette as the control cultivar are in 
agreement with the differences established in the first-gener-
ation young shoots (Table 1). The obtained results were in ac-
cordance with the results obtained by Freeman et al. (1989).

considerably higher values of the second-generation 
young shots were established in the fourth year, as compared 
to the second and the third years, while a significantly lower 
number was recorded in the first year. The mutual relations 
of the mean values of the number of young shoots per mature 
stem and the number of young shoots per metre of length 
observed per cultivar, year and cultivar x year combination 
are mostly compliant. The number of mature shoots chosen 
to yield fruits has shown a minor variability in relation to 
cultivars and years, since this value is directly controlled by 

selecting a certain number of properly developed and healthy 
shoots per metre of length, at the beginning of vegetation 
(Table 1).

The analysis of variance of the number of young shoots 
per mature stem and the number of young shoots per metre 
of length has also indicated the presence of significant dif-
ferences among the cultivars, years of growth and the sig-
nificant interaction cultivar – year (Table 1). The differences 
between the examined cultivars and the selection on one side, 
and the Willamette cultivar on the other side are concordant 
with the previously established differences regarding the first 
and the second-generation young shoots.

The mean values of the number of young shoots per ma-
ture stem are significantly different in all of the trial years, 
with this parameter reaching its highest value in the fourth 
year and lower values in years two, three and one, when the 
value was at its lowest. The analysis of variance of the num-
ber of mature stems per metre of length points to the presence 
of significant differences among the cultivars and years of 
trial, as well as a significant reaction of the cultivars to the 
changeable conditions in the environment (the cultivar x year 
interaction).

A significantly higher number of mature stems per metre 
of length was recorded in the Latham cultivar (P < 0.01) and 
the K 81-6 selection (P < 0.05), while a significantly smaller 
number of shoots was determined in the Tulameen and meek-
er cultivars (P < 0.01). The results obtained in the research 
concerning the Latham cultivar are in accordance with the 
results quoted by Кazakov (1995) who, due to the high vege-
tative potential and the high resistance, recommends that this 
cultivar be grown in less favourable agro-ecological condi-
tions.

The number of mature stems per metre of length was con-
siderably higher in the fourth year than in year two of the 
trial, while year two demonstrated considerably higher val-
ues of this parameter then the ones obtained in years one and 
three of the trial. This was mostly caused by the pattern of 
rainfall and optimum air temperatures in the fourth and the 
second years, as well as the shortage of moisture accompa-
nied by extremely high air temperatures in the third and es-
pecially in the first year of the trial.

The analysis of variance of the height of mature stems 
points to the fact that the demonstration of this quality is sig-
nificantly influenced by the cultivar and the year (Table 2).  
This cultivar feature can also be significantly influenced by 
ecological factors, first and foremost by the volume and pat-
tern of rainfall during the vegetation period; while at the 
same time the impact made by these factors on the examined 
cultivars and the selection was uniform (there was an absence 
of the cultivar x year interaction).
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As opposed to the Latham cultivar and the K 81-6 selec-
tion, where no significant differences in the height of mature 
shoots was detected in comparison with the Willamette cul-
tivar, the Meeker and Tulameen cultivars recorded a signifi-
cantly larger height of shoots, which is in agreement with the 
results obtained Joublan et al. (2002).

The height of shoots in all the raspberry cultivars and the 
selection was the largest in the first year, and was also sig-
nificantly lower in the third year, while the values recorded 
in years two and four of the trial did not show significant dif-
ferences in comparison with the values recorded in years one 
and three of the trial.

All of the cultivars and the selection demonstrated a sig-
nificantly larger height of mature stems in comparison with 
the values established by Cicala et al. (2002) and Marinkovic 
et al. (2008), which is an indicator of the fact that this feature 
is dependent on a large number of factors, primarily on the 
agro-ecological conditions of the area, the quantity of fertil-
iser and the level of agro-technical measures applied.

The analysis of variance of the diameter of mature stems 
(Table 2) points to the presence of significant differences ex-
clusively among the cultivars, i.e. it indicates that this is a cul-
tivar trait, not significantly influenced by ecological factors. 

All of the cultivars and the selection recorded a significantly 
larger diameter of the stem, in comparison with the control 
cultivar.

The selection of the yielding shoots for is performed in 
spring, before the start of vegetation, when the buds are in the 
swell, in order to avoid the risk of tying frost-bitten or damaged, 
i.e. non-productive shoots (Petrović and Leposavić, 2011).

The number of nodes, number of reproductive nodes, 
number of fruit-bearing branches per shoot and the length of 
branches of the examined red raspberry cultivars and the se-
lection are shown in Table 2. The presence of the significant 
differences concerning the number of nodes in the respec-
tive cultivars, the year and the significance of the cultivar x 
year interaction, point to the fact that a demonstration of this 
feature is influenced by the surrounding environment in the 
same way in all of the raspberry cultivars and its selection 
(Table 2).

A significantly higher number of nodes in comparison with 
the control cultivar was recorded in the Latham and meeker 
cultivars (P < 0.01), while a significantly lower number of 
nodes was recorded in the K 81-6 selection (P < 0.01). No sig-
nificant difference was recorded between the Tulameen and 
the control cultivars. As opposed to the previously analysed 

Table 2 
Height and diameter of mature shoots and features of lateral fruit-bearing shoots of the examined raspberry 
cultivars and raspberry selection

 
Treatment

shoot height,  
cm

shoot diameter, 
mm

Number of  
noduses

Nuber of 
reproductive 

noduses

Number of fruit-
bearing branches 

per nodus

cultivar 
(A)

meeker 239.07** 13.85** 47.81** 25.25* 18.66 ns
Latham 223.07 ns 13.76** 50.24** 22.58** 16.90**
K 81-6 220.12 ns 13.68** 41.55** 23.31* 16.98**
Tulameen 236.32** 13.38** 42.71 ns 23.46 ns 16.53**
Willamette 213.49 11.84 44.66 24.28 19.04

Year (B)

2003 235.58 a 13.49 46.99 a 24.88 a 18.2
2004 226.82 ab 13.33 44.94 bc 23.41 b 17.38
2005 216.11 b 12.98 45.47 b 23.43 b 17.74
2006 227.14 ab 13.41 44.18 c 23.38 b 17.16

ANovA      
Cultivar (A) ** ** ** ** **
Year (B) * ns ** ** ns
A ´ B ns ns ** ** ns

**significant differences among means at P < 0.05 and P < 0.01 based on the Dunnett’s test and ANovA results (F-test); 
A, B treatments in cultivars and years; ns – non-significant; a-c non-justified differences at P < 0.01 based on the Duncan’s 
multiple range test
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features, whose values tended to be higher in the years with 
favourable ecological conditions, significantly higher num-
bers of nodes were recorded in the first, then in the second 
year of the trial, while the lowest number of nodes was re-
corded in the fourth trial year. This trend occurred due to the 
fact that nodes and fruit-bearing branches are formed in the 
previous year and – on a year-old shoots – in the second half 
of the vegetation period. The years of the trial period (2002 
and 2004) were characterised by favourable meteorological 
conditions.

The analysis of variance of the number of reproductive 
nodes points to the presence of significant differences among 
cultivars, years and their different interaction in the respec-
tive years (Table 2). A significantly higher number of repro-
ductive nodes in comparison with the control cultivar were 
recorded in the meeker cultivar (P < 0.05), while significantly 
lower values of this feature were found in the Latham cultivar 
(P < 0.01) and the К 81-6 selection (P < 0.05). similarly to the 
number of nodes, the number of reproductive nodes was also 
bigger in the first year in comparison with the subsequent 
years of growth, which can be related to the very favourable 
weather conditions in the previous vegetation.

regardless of the relatively narrow range within which 
the variations in the number of reproductive nodes occur, 
the raspberry cultivars and the selection showed significantly 
different behaviour during the trial. The smaller number of 

reproductive nodes in the Latham cultivar is mostly a result 
of the vigour, i.e. the larger length of the mature shoots.

The analysis of variance of the number of fruit-bearing 
branches has revealed significant differences among the cul-
tivars, which points to the fact that this feature predominant-
ly a cultivar-related trait and the impact made on it by the 
ecological factors during the trial was minimal. Apart from 
the meeker cultivar, whose number of fruit-bearing branches 
did not significantly differ from the control cultivar, the oth-
er raspberry cultivars and the selection demonstrated a sig-
nificantly lower number of fruit-bearing branches per shoot, 
when compared with the Willamette cultivar (P < 0.01), thus 
confirming the results obtained by Marinkovic et al. (2008).

The analysis of variance revealed the presence of sig-
nificant differences in the length of fruit-bearing branches 
among the cultivars (Table 3). As regards the length of the 
fruit-bearing branches, all of the red raspberry cultivars and 
the selection recorded significantly higher values than the 
control cultivar (P < 0.01), which is in accordance with the re-
sults obtained by stanisavljević (1990), Joublan et al. (2002) 
and veličković et al. (2004).

A significantly lower length of the fruit-bearing branches 
was recorded in the red raspberry cultivars and the selection 
in the third year, which corresponded with an unfavourable 
pattern of rainfall and very high temperatures, causing a re-
duction in the vegetative growth, which automatically led to 

Table 3 
Characteristics of lateral fruit-bearing branches of the examined raspberry cultivars and raspberry selection

Treatment Branch lenght
Number of flowers 
per fruit-bearing 

branch
Number of flowers 
per inflorescence

Number of fruits 
per reproductive 

nodus 
Number of 

developed leaves

cultivar 
(A)

meeker 50.94** 16.85* 3.70 ns 15.96* 44.49*
Latham 66.29** 12.81** 3.14** 11.28** 45.91**
K 81-6 48.08** 16.94* 3.74 ns 15.80** 37.25*
Tulameen 56.70** 16.76** 3.36* 15.50** 38.08 ns
Willamette 43.50 18.21 3.79 17.28 40.66

Year (B)

2003 53.44 b 16.99 a 3.73 a 16.04 a 42.19
2004 52.98 b 16.97 a 3.77 a 16.05 a 41.46
2005 50.20 c 15.31 b 3.19 b 13.47 b 41.26
2006 55.78 a 15.99 ab 3.49 ab 15.09 a 40.20

ANovA
Cultivar (A) ** ** ** ** **
Year (B) ** ** ** ** ns
A × B ns ns ns ns ns

**significant differences among means at P < 0.05 and P < 0.01 based on the Dunnett’s test and ANovA results (F-test); 
A, B treatments in cultivars and years; ns – non-significant; a-c non-justified differences at P < 0.01 based on the Duncan’s 
multiple range test
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a smaller length of the fruit-bearing branches. As opposed 
to this, a significantly larger length of fruit-bearing branches 
was recorded in the corresponding cultivars and the selec-
tion in the fourth year of trial, which is due to the favourable 
weather conditions. No significant differences in the length 
of fruit-bearing branches were detected in the first and the 
second years.

The results obtained by the analysis of variance related to 
the number of flowers per fruit-bearing branch (Table 3) point 
to the presence of significant differences among the cultivars 
and the years of the trial, which further on leads to a conclu-
sion that the demonstration of this cultivar trait was to a large 
degree conditioned by the impact of environmental factors.

Compared with the Willamette cultivar, a significantly 
lower number of flowers per fruit-bearing branch was re-
corded in all the cultivars - Latham, Tulameen (P < 0.01), 
meeker and the K 81-6 selection (P < 0.05). The obtained 
results are in agreement with the results obtained by orhan 
et al. (2008). A significantly higher number of flowers per 
fruit-bearing branch were found in the first and the second 
year of the trial, when compared to trial year number three, 
while the values in the fourth year did not significantly differ 
from the values obtained in the preceding years. A major dif-
ference among the cultivars and among the years regarding 
the number of flowers in the inflorescence (Table 3), as well 
as in the number of flowers per fruit-bearing branch, point to 
the fact that this features can be to a large extent influenced 
by the ecological factors.

The control cultivar had a significantly larger number of 
flowers in the inflorescence when compared to the Latham 
(P < 0.01) and Tulameen (P < 0.05) cultivars, while no sig-
nificant difference in this parameter was found between the 
control cultivar on one side and the K 81-6 selection and the 
meeker cultivar, on the other side. When contemplated from 
the aspect of the year, the red raspberry cultivars and the se-
lection recorded a significantly lower number of flowers in 
the inflorescence in the third year, compared to years one and 
two of the trial, while at the same time the values in the fourth 
year did not differ significantly in comparison with the two 
previous years. The number of fruits per reproductive node 
was significantly different among the respective cultivars and 
among the years, whish points to the fact that this trait can 
vary significantly, due to the impact of the environment.

The Willamette cultivar recorded a larger number of fruits 
per reproductive node, compared to the other cultivars and 
the raspberry selection. in the course of the trial, all of the red 
raspberry cultivars and the selection demonstrated similar 
tendencies regarding this trait. A significantly lower number 
of fruits per reproductive node were recorded in the cultivars 
in the third year of the trial, when compared to other trial 

years. High temperatures, accompanied by low air humidity 
during the flowering phase in 2005 made an impact on the 
pollination process, which automatically led to a reduction in 
the number of fruits per reproductive node. The most empha-
sised reduction in the stated year was recorded in the Latham 
cultivar (Table 3).

Based on the analysis of variance, the number of devel-
oped leaves can be considered as a cultivar trait, not sig-
nificantly influenced by the ecological factors (Table 3). A 
significantly higher number of developed leaves when com-
pared with the control cultivar, was determined in the Latham  
(P < 0.01) and Meeker (P < 0.05) cultivars, while the K 81-6 
selection had a significantly lower number of developed leaves  
(P < 0.05).

Conclusion

A significantly higher vegetative potential, reflected in 
the number of young shoots of the first and the second gen-
erations, as well as the number of young shoots per metre of 
length and mature shoot, was recorded in the Latham culti-
var compared to the Willamette cultivar, while cultivars Tu-
lameen and meeker recorded considerably lower values of 
this parameter.

The removal of the first series of young shoots ought to be 
adapted to the specific cultivar traits, and the meteorological 
characteristics of the region. A considerably larger height of 
the shoot when compared with the control group was record-
ed in the meeker and Tulameen cultivars. The largest diam-
eter of the mature shoots was recorded in the K 81-6 selec-
tion, while the smallest one was recorded in the Willamette 
cultivar.

The largest number of nodes was recorded in the Latham 
and meeker cultivars, while the smallest number of nodes 
was recorded in the K 81-6 selection. As opposed to this, the 
largest number of reproductive nodes was established in the 
meeker and Willamette cultivars, while their smallest num-
ber was found in the Latham cultivar.

The largest number of the fruit-bearing branches was re-
corded in the Willamette cultivar, while the smallest number 
was found in the Latham cultivar. The largest number of re-
productive nodes and fruit-bearing branches per shoot in all 
the tested cultivars and the selection was recorded in the first 
and the third year of the trial. The largest length of the fruit-
bearing branches was recorded in the Latham cultivar, while 
the smallest length of the branches was recorded in the Wil-
lamette cultivar.

The largest number of flowers per fruit-bearing branch, 
as well as the number of flowers per inflorescence and fruits 
per reproductive node, was determined in the Willamette 
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cultivar, while the smallest values of these parameters were 
found in the Latham cultivar. The largest number of devel-
oped leaves was determined in the Latham cultivar, while the 
smallest one was determined in the K 81-6 selection.
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