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 ABSTRACT: Blackberries growing in forests 
regenerate mainly in a vegetative way; however, 
detailed studies have shown substantial vari-
ability in performance of Rubus individuals. The 
main problem is if the differences among plants 
are genetically based, or are due to site hetero-
geneity? This study was aimed at determining 
1) how large are the differences in performance 
of individual plants and how persistent they are 
during consecutive years, 2) how much of that 
variability can be explained by the local envi-
ronmental conditions, especially the intensity of 
competition among plants, and whether the per-
formance of individual plants is related to their 
genetic characteristics. In a partially cut mature 
beech forest in Western Carpathians 35 random-
ly chosen individuals of Rubus hirtus (Waldst. & 
Kitt.) were tagged and measured each year for 
9 years. Ten largest and ten smallest individuals 
were selected for genetic analysis. Mean size of 
individual plants differed between consecutive 
growing seasons, but the overall size ranking was 
quite consistent throughout the entire period of 
study. Analysis of environmental variables: rela-
tive light intensity and local abundance of poten-
tial competitors explained about 24% of the dif-
ferences in individual plant performance. In the 
genetic analysis the five primers were applied to 
analyse all 20 samples. The five primers produced 
10 polymorphic bands, showing a high variabil-
ity. Only a few samples displayed identical band 
patterns, indicating either vegetative propagation 

or apomictic origin. Distribution of the results of 
Spearman’s rank correlation of plant size among 
genetically related individuals did not differ sig-
nificantly from the distribution of rank correla-
tion coefficients in the entire sample. In the anal-
ysed population genetical affinity did not seem to 
correlate with the performance of Rubus hirtus.
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1. INTRODUCTION

Plants respond to periodic changes in 
resource availability in term of their growth, 
morphology and reproduction (Anderson 
et al. 1969, Pite lka  et al. 1980). Especially 
clonal plants are well adapted to variation 
in resource availability in a patchy environ-
ment, such as a forest floor, where resources 
could be distributed very unevenly (Pan-
cer-Koteja  et al.1998). Because of the re-
duced sexual recruitment, certain genotypes 
may be much more successful than others. 
These dominant genotypes may displace 
those that are less competitive during rela-
tively short time. Clonal diversity thus may 
decrease, and monogenic stands may be es-
tablished (Er iksson and Bremer 1993, 
Amsel lem et al. 2000). Genetic variation 
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within apomictic Rubus species is relatively 
low (Nybom and Kraf t  1995, Kraf t  et al. 
1996). Because of that, Rubus is believed to 
have low genetic variability at the local scale. 
Despite numerous studies on taxonomy and 
biology of Rubus (Al ice  and Smal l  1999, 
L ambrecht-McDowel l , R adosevich 
2005, Tay lor  2005), several questions re-
main open. Previous studies showed substan-
tial variability in performance of individual 
Rubus plants growing under canopy gaps: 
especially the number of vegetative offspring 
produced by individual plant was highly vari-
able among individuals (Pancer-Koteja  et 
al.1998). Measurements conducted on Ru-
bus hirtus growing under a close canopy of 
mature beech forest (Gazda 2000) showed 
little variation in size of individual plants, 
very low mortality rates, no flowering and 
almost no tip-rooting. From previous studies 
(Pancer-Koteja  et al. 1998) it was known, 
that immediately after the opening of forest 
canopy growth rate and size of individual 
plants increase and became more variable 
within population, flowering is frequent, and 
tip-rooting is a common phenomenon in all 
canes longer than 0.5 m. Thus we expected 
one of two scenarios: either the blackberries 
growing close to one another are genetically 
similar, and all the differences in their relative 
performance after canopy opening are due to 
environmental heterogeneity, or blackberries 
display some genetic variability, which influ-
ences their performance, and small genetical 
differences are amplified by environmental 
heterogeneity and by competition, creating 
a clear division into a group of well-growing 
and poorly-growing individuals.

Most studies on dynamics of population 
of clonal plants have focused on the ramet 
level (Harper  1977, Crawley  1990) mainly 
because genets are difficult to identify in the 
study area. In this paper we present 9-years 
series of field observations with genet iden-
tification by a molecular technique on Rubus 
hirtus as a clonal plant. The study was aimed 
at determining how large are the differences 
in performance of individual plants and how 
persistent are they during consecutive years. 
We also tried to find out how much of that 
variability can be explained by the local envi-
ronmental conditions, especially the intensi-
ty of competition among plants, and whether 

the performance of individual plants is re-
lated to their genetic characteristics. 

2. MATERIAL AND METHODS

Investigations were carried out in a ma-
ture beech stand in the Krynica Experiment 
Forest (49o25’N, 20o53’E), southern Poland, 
in years 1993–2001. The detailed descrip-
tion of geology, soil, plant communities and 
climate in this site is given by Szwagrzyk 
et al. (2001). Our permanent plot ca. 700 m2 
was established in September 1993, under a 
loose cover of trees (after a partial cutting in 
winter 1992/1993). In the beginning of this 
study plants were exposed to a light intensity 
of approximately 76% of full sunlight. Due 
to crown expansion of beech trees, the illu-
mination of the forest floor has gradually in-
creased to 69% in 1994 and to 48% in 2000.

Blackberry (Rubus hirtus Waldst. & Kitt.) 
is one of the most common plants of the for-
est floor in mixed and deciduous forests of 
southern Poland. For several decades it has 
been increasing in abundance, and the par-
tial-cutting system employed in forest man-
agement is widely believed to be the main 
reason for expansion. Rubus hirtus is a clonal 
plant with one or a few shoots growing hori-
zontally in various directions; it reproduces 
vegetatively by tip-rooting. Rubus has several 
interesting biological features; first, it can 
survive for many years in deep shade by pro-
ducing single, short shoots which do not tip-
root (Gazda 1992). When the availability of 
light on the forest floor increases as a result 
of natural disturbance or partial cutting of 
forest stand, R. hirtus can expand rapidly by 
producing very long shoots every year, each 
of them tip-rooting. The rate of expansion 
of Rubus and its relation to the amount of 
light are quite well documented (Pancer-
Koteja  et al. 1998). Flowering and fruiting 
in fast-growing individuals is quite common 
(Gazda 2000), although flowers are believed 
to be mostly apomictic. Rubus seedlings are 
observed rather seldom (Pancer-Koteja  et 
al. 1998, Gazda 2000). 

Within the study area, 35 ramets of Ru-
bus were chosen randomly in September 
1993. At first the distribution of Rubus hir-
tus “individuals” (= ramets) was mapped 
and then they were measured, tagged and 
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monitored for four consecutive years. Cane 
length, number of inflorescences, the num-
ber of tip-rooting canes, and the number of 
new (established) ramets were recorded for 
each individual every year. In June 1999 we 
divided the tagged blackberries on the basis 
of their sizes (total length of all primocanes) 
attained during four years of study into three 
groups: 10 large individuals, 15 medium-
sized and 10 small ones. 

Since the year 1999 we have measured, 
tagged and monitored only the 20 individu-
als chosen for genetic study: 10 large individ-
uals and 10 small ones. To estimate the level 
of competition for resources we determined 
the density of rooting points of neighbouring 
blackberries within a circle of the size of 0.5 
m2, and we estimated the percentage of cover 
of Rubus and the cover of other plant species 
within the same circle. Every year we labelled 
canes which were grazed by animals, so we 
were able to count how many times during 
our study every individual was disturbed by 
deer browsing.

The relative light intensities at the rooting 
point of each individual were determined in 
the year 2000 using the diazo-paper method 
(Fr iend 1961, George  and Bazzaz  1999). 
In the calculations we used the measure of 
shading, calculated as the difference between 
full sunlight and the relative light intensity 
estimated by diazo-paper method.

For the genetic study we focused on the 
large and small individuals. For each plant, 
five youngest leaves were collected. Genomic 
DNA from the leaves was extracted according 
to the method of Nybom and Schaal (1990) 
from a total of  20 samples (Nos. 5, 15, 16, 19, 
23, 28, 29, 31, 33, 34, 6, 8, 9, 11, 14, 20, 22, 27, 
32, 35). PCR reactions for the RAPD analysis 
were performed in 25 μl, containing appr. 20 
ng of DNA, 1X reaction buffer IV (Advanced 
Biotechnologies), 1.5mM MgCl2 (Advanced 
Biotechnologies), 0.6 μl primer (Operon 
Tech. Inc.), 0.2 mM PCR Nucleotide Mix (de 
la Roche) and 1.0 unit Taq DNA Polymerase 
(Advanced Biotechnologies). The thermal 
cycler MJ Research was programmed for 5 
min initial denaturation at 94°C, followed by 
amplification for 40 cycles at 1 min of 94°C, 
1 min at 36°C and 2 min at 72°C and 7 min 
extension time at 72°C. The fragments were 
separated on a 1.8% agarose gel containing 

ethidium bromide and using TPE buffer, and 
subsequently photographed under UV-light. 
The bands were scored manually for pres-
ence or absence of bands.

Computations were made using the pro-
gram S-Plus 2000-trial, MathSoft. Multiple 
regression analysis was employed for relat-
ing the performance of individual plants to 
environmental variables, as: local light in-
tensity, local density of potential competitors 
(number of rooting points within a 0.5 m2 
circle) and local cover of Rubus. Kendall’s 
test of concordance was used to compare size 
rankings (to evaluate, how consistent are the 
size rankings in consecutive years of study). 
The Spearman’s rank correlation of plant 
size (total length of primocanes produced 
by one individual) was calculated for the en-
tire sample. Than the subset of correlations 
calculated for genetically similar individuals 
was separated, and the Kolmogorov-Smirnov 
two-sample test was used for comparing the 
distribution of Spearman’s rank coefficients 
for the whole group with the distribution of 
rank coefficients calculated for genetically 
related individuals. 

3. RESULTS

In the beginning of this study dimen-
sions (total length of all primocanes attained 
during one growing season) of individual 
Rubus plants were relatively small (29.4 cm 
± 34.45). Only 15% of individuals were able 
to produce more than 50 cm of primocanes. 
In the next four years the average size of in-
dividual has increased (Fig. 1), but the index 
of variability has decreased substantially. The 
mean size of Rubus plant differed between 
consecutive growing seasons. Every year, in 
our population most of individuals (60%) 
grew as small ones; they produced less than 
average total length of primocanes per indi-
viduals. Only every third (35%) individuals 
grew more often as large (they produced pri-
mocanes equal or longer than average) than 
small ones. But from “ramets point of view” 
only every fourth individual behaved in the 
same way from year to year: 20% grew as 
small ones and 5% as large ones. Next 25% of 
individuals only occasionally (once or twice 
per nine years of observation) grew as large 
ones; and another 20% of individuals grew 
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occasionally as small ones. Rest of them 
seemed to grow without any clear pattern. 
The results of Kendall’s test of concordance 
(W = 0.471, P = 0.000) indicated, that the size 
ranking of Rubus hirtus plants was consistent 
throughout the entire period of study. 

Vegetative reproduction by tip-root-
ing in the first year of study was very infre-
quent (10%). Almost every plant (95%) tried 
to regenerate vegetatively in the next years, 
and 90% of them produced new ramets. No 
blackberries flowered during the first season. 
In the next years 75% individuals produced 
floricanes with inflorescences. The number 
of fruits produced by plants varied from 2 to 
112 complex fruits per individual. 

Thirty primers were used to screen for 
polymorphism among the samples 6, 8, 15 
and 29 and five of them which produced 

clear and reproducible bands were then ap-
plied to analyse all 20 samples. Sample no 28 
was excluded from further analyses due to 
insufficient DNA. The five primers produced 
10 polymorphic bands (Table 1), showing 
very high variability among the remaining 
19 samples (Fig. 2). Some samples displayed 
identical band patterns, indicating either 
vegetative propagation or being of apomictic 
origin. Samples 5, 31 and 34 showed iden-
tical band pattern and separated with only 
one band from the identical samples 9 and 
32. Samples 23 and 35 also showed identi-
cal band pattern and were separated with 
one band from sample 29, and samples 6, 15 
and 16 also displayed identical band pattern. 
Also, samples 11 and 14 were only separated 
by one band from each other. In total, the 
samples were separated into 5 groups con-

Fig. 1. Frequency histogram of total length of primocanes per individual.

Table 1. Summary of results of RAPD analysis (primers which were used to screen for polymorphism 
among the samples).

Primer ID Sequence No. polymorphic bands

OPA–7 GAAACGGGTG 1

OPA–8 GTGACGTAGG 2

OPG–6 GTGCCTAACC 3

OPG–14 GGATGAGACC 2

OPG–17 ACGACCGACA 2
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sisting of samples 5, 9, 31, 32 and 34 in one 
group, samples 20, 22 and 33 in the second, 
23, 29 and 35 in the third group, samples 
6, 15 and 16 in the fourth, and samples 11 
and 14 in the fifth (Fig. 2). Each group were 
separated by three bands or more from each 
other. In addition, there were three samples 
(8, 19 and 27) which did not belong to any 
of these groups and seemed to be quite sepa-
rated from them and from each other.

Multiple regression analysis showed, 
that environmental variables (relative light 
intensity, local density of rooting points of 
Rubus hirtus and local percentage of black-
berries cover) explained 23.7% of the total 
variation in plant size (P = 0.000). However, 
very strong positive correlation was found 
between the size of individual Rubus plant 
and intensity of deer browsing (r = 0.899, 
P = 0.000), measured as a number of brows-
ing episodes during the 9 years of study.

Distribution of the results of Spearman’s 
rank correlation of plant size among geneti-
cally related individuals, analyzed with the 
Kolmogorov-Smirnov two sample test, did 
not differ significantly from the distribution 
of rank correlation coefficients in the entire 
sample (DN = 0.171, P = 0.635). 

4. DISCUSSION

The results of our study are surprising in 
several ways. First, the local genetical vari-
ability in Rubus hirtus turned out to be rela-
tively large, which we did not expect at all. 
During our studies there were distinguished 
9 genets within 20 blackberry ‘individuals’ 
We expected very low genetic variability be-
cause of the absence of seedlings coming from 
sexual reproduction. In Poland, intraspecific 
variation seems to be a little bit higher than 
in other Rubus species studied in Scandina-

Fig. 2. Genetic affinities among the 19 samples of Rubus hirtus. (The dendrogram based on the result of 
10 RAPD markers. On the horizontal line you start at 100% it does mean absolute agreement among the 
samples, we have termed it ‘apomicts’; and then continue from left to right 90, 80....20%; On the vertical 
line there are label of samples = ramets). 
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via and Germany (Gustafsson 1943, We-
ber  1972, Nybom and Kraf t  1995, Kraf t 
et al. 1996, Nybom and Bar t ish  2000), but 
we do not know if it is due to contemporary 
gene flow, somatic mutation or just some his-
torical reasons. 

Second, as shown by the comparison 
of the rank correlation coefficients, genetic 
make-up does not seem to govern the per-
formance of Rubus, defined either by plant 
size, or by number of vegetative offspring, or 
by number of produced complex fruits. This 
result suggests, that the lack of strong rela-
tionship between genetics and competitive 
ability of individual plants can contribute to 
the maintaining of high genetic variability in 
a population, where most of the offspring is 
produced in a vegetative way. 

Third, despite the fact, that the local en-
vironment seems quite constant, the length 
of Rubus canes changes from year to year; 
certainly, there is a general pattern of rapid 
increase in cane length after gap creation, 
and then a gradual decline in mean plant size 
(Fig. 3), but apart from that there is a lot of 
year-to year variability. Deer browsing can be 
a significant factor influencing growth pat-
terns in Rubus, as the browsing intensity is 
relatively high, and there is a strong correla-
tion between plant size and the probability of 
being browsed. 

Some of our results are less surprising. 
Two factors influencing plant growth – local 
light intensity and local abundance of poten-
tial competitors – explained together almost 
1/4 of the total variation in individual plant 
performance. But we still do not know what 
causes the rest of the variability. As the size 
ranks are more-or-less consistent in time, it 
is possible that differences in plant perfor-
mance are produced by the heterogeneity of 
below-ground resources. 

We conclude, that in the analysed popu-
lation genetical affinity did not seem to cor-
relate with the performance of Rubus hirtus, 
and that a large part of variation in individual 
plant performance is yet to be explained.
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