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INTRODUCTION

Eighty-eight species of Rubus L. have been noted in 
Poland so far. With the exception of a few diploid spe-
cies, they are polyploids and apomicts of hybrid origin 
within the subgenus Rubus (Z  ). Most of 
these species are common plants, but their distribution 
within Poland is irregular, with the greatest diversity 
found in southwestern Poland with over  species and 
the least in the north with only fi ve species (Z  

). Rubus species are very important to natural eco-
systems, especially in early forest successions. They are 
one of the basic components of thermophilic shrubby 
thickets of the Prunetalia order (M  ). 
Moreover, many Rubus species are often very invasive 
and can indicate synanthropization of plant vegetation. 
Rubus representatives are also economically important 
as fruit crops, ornamentals and medicinal plants. Leaves 
and fruits of all blackberry species contain polyphenolic 
compounds and some vitamins, having a broad spec-
trum of biological activity. These compounds are ben-
efi cial to human health and their presence in vegetable 
extracts and diet may prevent lifestyle diseases (G  
and T  , V  et . , M -

 et . ). 

The Rubus genus exhibits an enormous morphologi-
cal diversity and is one of the genera of fl owering plants 
most diffi  cult to classify taxonomically (L  
and C  ). However, owing to the concept 
of agamic species proposed by W  ( ) we may 
observe an extension of the scope of investigations to 
include this group of plants. They mainly refer to chorol-
ogy of diff erent Rubus species, or to their systematics 
and genetics and much less frequently to their ecol-
ogy and biology, including phenological observations 
(e.g. K  et . , W  , , , , 
M -H  , K  et . , Z  

, , A  et . , Z  et . , 
T  and Z  , Ž  and W  , 
B  and H  , L  and L  , 
T -W  et . ). 

Since  we have been conducting studies on the 
phenology, dynamics of stem growth rate, morphologi-
cal variability of leaves, and phytochemical analyses of 
leaf extracts of native Rubus species growing in the Na-
tional Collection of Blackberries in the Dendrological 
Garden of the Poznań University of Life Sciences (K -

-W  and M -R  ). 
The goal of our current study was to compare 

rhythmic development – phenology and growth rate of 
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ABSTR ACT. In recent years extensive attention has been given to the Rubus genus, but knowledge on 
the ecology of most of its species, including rhythmic development, is still insuffi  cient. Such data may 
have practical applications, since blackberry species are economically important. The goal of the study 
was to analyse phenology and growth rate of vegetative and generative stems in  Rubus species of dif-
ferent systematic affi  nity (belonging to two subspecies and three sections), growing in the Dendrological 
Garden of the Poznań University of Life Sciences. Some habitat factors were also taken into consideration. 
Field investigations were carried out for three growing seasons. The plants were evaluated for phenology 
twice a week, while the length of their stems was measured once a week. Diff erences were observed in the 
seasonal rhythm of individual species. Weather factors distinctly infl uenced the course of development 
phases in all the Rubus species. Drought during the growing season caused fl owering disorders, withering 
of fruit, earlier autumn leaf coloration, and fall of leaves. Rubus idaeus and R. fabrimontanus ripened all 
of their fruits each year of observations and seemed to be the most adapted for fruit production. Rubus 
fabrimontanus, R. kuleszae and R. praecox were the most vigorous species with reference to shoot growth. 
This study revealed that only some species were fully acclimated to the conditions of the Dendrological 
Garden, since they successfully completed their entire fl owering and fruiting cycles.
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vegetative and generative stems in  Rubus species of 
diff erent systematic affi  nity, taking into consideration 
some habitat factors (temperature and precipitation). 

MATERIALS AND METHODS

Investigations were conducted on  Rubus species, 
representing subgenus Idaeobatus – R. idaeus L. and sub-
genus Rubus – R. allegheniensis Porter, R. canadensis L., 
R. gracilis J. Presl & C. Presl., R. praecox Bertol. (section 
Rubus); R. fabrimontanus (Sprib.) Sprib., R. gothicus Frid. 
& Gelert ex E.H.L. Krause, R. hevellicus (E.H.L. Krause) 
E.H.L. Krause, R. kuleszae Ziel. (section Corylifolii) and 
R. caesius L. (section Caesii). Rubus species growing in 
the Dendrological Garden of the Poznań University of 
Life Sciences were observed. The species terminology 
following Z  ( ) was applied. The analysed 
brambles grew in the south-western part of the Dendro-
logical Garden of the Poznań University of Life Sciences, 
covering an area of about .  ha. The site conditions 
were similar. Each observed species was represented by 
a single specimen, forming a rank cluster. 

Field investigations were carried out starting from 
January . Rubus species were evaluated for phenol-
ogy twice a week. The dates of individual phenologi-
cal stages were determined according to Ł  
( ). Analyses of vegetative organs concerned the de-
velopment of leaf buds and changes of leaf tint, while 
generative organs were investigated in terms of the de-
velopment of fl owers and fruits. The phenological stages 
were as follows:  – leaf buds just opening,  – leaf buds 
half-opened (the fi rst leaves unfolded, showing their top 

leafl ets),  – beginning of autumn coloration of leaves 
(about % of leaves coloured),  – beginning of full 
autumn coloration (about % of leaves coloured),  – 
the end of full autumn coloration (about % of leaves 
coloured),  – loss of decorative leaf coloration,  – be-
ginning of leaf fall,  – the end of leaf fall,  – fi rst fl ower 
buds visible,  – fi rst fl owering (a few fully opened fl ow-
ers),  – beginning of full fl owering (approximately % 
opened fl owers),  – fi rst fl owers petal drop (fi rst fl ower 
petals withered or fell),  – the end of full fl owering 
(about % of fl owers past petal fall),  – the last fl ow-
ers buds,  – the end of fl owering (the date when last 
fl owers dropped their petals),  – beginning of fruit 
ripening (fi rst fruits with visible changes of colour),  
– full ripeness (more than % fruits of proper colour); 

 – the end of ripening (all fruits were ripe),  – begin-
ning of pyrene dispersion,  – full pyrene dispersion 
( % pyrenes spread),  – the end of pyrene dispersion 
(at most individual fruits on the plant). 

The dynamics of growth rate was investigated on 
selected, single vegetative and generative stems of all 
observed Rubus species. For this purpose their length 
was measured each week from the start of the growing 
season. The same stems were analysed at all times. In 
addition, after growth stopped  shoots of both types 
were measured.

The weather conditions were also analysed based 
on the meteorological data for the city of Poznań 
(TuTiempo.net ). The distribution of the following 
parameters: mean temperature (°C), minimum tempera-
ture (°C), maximum temperature (°C) and total precipi-
tation (mm) was investigated throughout the period of 
fi eld observations (Table ). 

T  . Weather conditions of the investigated object, basing on the meteorological data of Poznań (TuTiempo.net )

Month ↓ Mean temperature (°C) Minimal temperature (°C) Maximal temperature (°C) Precipitation amount (mm)

Year →

January . – . – . – . – . – . . . – . . . .

February . – . – . – . – . – . . . . . . .

March . . . – . – . – . . . . . . .

April . . . – . – . – . . . . . . .

May . . . . . . . . . . . .

June . . . . . . . . . . . .

July . . . . . . . . . . . .

August . . . . . . . . . . . .

September . . . . . . . . . . . .

October . . . – . – . – . . . . . . .

November . . . – . – . – . . . . . . .

December . – . – . – . – . – . . . . . . .

Mean/*Sum . . . – . – . – . . . . * . * . * .
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RESULTS

No cold injury was observed in spite of periods of 
relatively low temperature during the winter months 
in the years - . In , the fi rst year that we 
monitored growth, a mild winter forced bud develop-
ment about one week earlier in all the species but one, 
when compared to our observations in the other two 
years. The exception was R. allegheniensis that was the 
latest to break bud each year. Rubus idaeus and R. kule-
szae started their growth a little earlier than the other 
species. Leaf buds always developed faster in R. cae-
sius. The leaves unfolded after -  days for all species 
except for R. gracilis, which took more than  days. 
Besides, young leaves of R. praecox and R. hevellicus de-
veloped over  days in the last year of investigations 
(Tables - ). 

The beginning and full autumn leaf coloration 
was earliest in  and latest in  for all spe-
cies except for R. caesius. Changes of leaf colour were 
closely connected with the amount of rainfall in the 
summer, especially at the end of August and the be-
ginning of September. On the other hand, the end of 

full coloration of leaves was only observed in R. idaeus 
(twice) and R. caesius (once). The other investigated 
species appeared to have almost half of leaves without 
colour change and they had just frozen and fallen off  
with the beginning of cold temperatures in the autumn. 
Rubus fabrimontanus and R. kuleszae were the fi rst to 
lose their autumn color in  and the last in  
(the fi rst ten days of December; however, in the same 
time foliage of three species did not change). Then, the 
beginning of leaf fall was recorded at the earliest time 
point in  and latest in . The end of autumn 
leaf fall was observed only in R. idaeus, as all the other 
taxa kept at least % and up to % of their foliage 
(Table ). 

The earliest fl ower buds started to develop at the be-
ginning of the last decade of April. Generative buds were 
not noticeable until the fi rst week of May in  due 
to a spring drought. In  they appeared even later 
on R. praecox and R. gracilis. Usually the fi rst fl owers 
were observed on these species in the fi rst half of May, 
but they were not found until the beginning of July in 

. In the fi rst year of observation full fl owering took 
-  days and in the next year up to  days. Flowering 

T  . Date specifi cation of the phenological stages for the investigated species in the years - . Phenological 
stages ( - ) as in “Materials and methods”

Pheno-
logical 
stage

Year

Rubus species 

idaeus alleghe-
niensis

canaden-
sis gracilis praecox fabrimon-

tanus gothicus hevellicus kuleszae caesius

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. – – – – – – – – .

– – – – – – – – – –

. – – – – – – – – –

– . – . . . – . . .

. . . . . . . . . .

. . . . . . . . . .
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T   – cont.
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on the fi rst fl owers usually was complete after -  days. 
The end of full fl owering occurred in June, but varied in 
individual years of observations. The shortest fl owering 
time was recorded in R. idaeus and that was why the last 
fl ower buds were always visible on stems of this spe-
cies. The longest fl owering was observed in R. gothicus 
and R. hevellicus in . These species continuously 
formed fl owers from the beginning of June up to mid-
-October. A second fl owering was relatively rare and was 
only observed in four species in  and two species 
in  and . It did not appear in any species every 
year. However, R. caesius and R. praecox refl owered two 
years running and in  they had open fl owers up to 
the fi rst ten days of November (Table ).

Every year of investigation had the earliest begin-
ning and end of fruit ripening were recorded for R. idae-
us. The entire cycle of fruiting from fl owering to all of 
the fruit falling from the plant was only observed in 
this species and in R. fabrimontanus. The other Rubus 
species did not drop all of their fruit. Late fl owering or 
a shortage of water caused fruits drying out and some of 
them ( - %) remained on the shrubs even throughout 
winter. Generally, the fi rst fruit started to spread -  
weeks after they had ripened. In some years of observa-
tions R. gracilis, R. allegheniensis and R. caesius did not 
form fruits at all (Table ). 

The generative stems of R. canadensis, R. fabrimon-
tanus and R. caesius were the fi rst to start growth in 
the last week of March in . At the same time they 
developed biennial stems in the shortest period. The 
generative stems of R. gracilis were the last to start their 
growth in , not until after the fi rst week of May. 
However, R. gracilis was noted to have the longest time 
of shoot growth up to the turn of June and July. On aver-
age, the longest biennial stems were found in R. praecox 
and the shortest in R. canadensis. Most of the species 
had their greatest growth in  (Tables - ). 

The fi rst vegetative stems emerged after the third 
week of April for seven species in  and for three 
in . In all species the primocanes fi nished their 
vegetative growth earliest in  because of a short-
age of precipitation. They grew for the longest period 
of time in , when some blackberry species fi nished 
their growth naturally, by tip rooting at the end of 
September. During the entire period of observations 
vegetative shoots of R. canadensis appeared to fi n-
ish their growth the fastest. On average, the longest 
annual stems were noted at all investigated species 
in . Then the longest one (  cm) was observed 
in R. fabrimontanus in  and the shortest in R. al-
legheniensis and R. idaeus in all the years of investiga-
tions (Tables - ). 

T   – cont.

. – . . . . . . . –

. . . – . . . . –

. . . . . . . . . .

. – – – – . – . – –

. . . – . . . . . –

. – . – . . . . . –

. – – – – . – – – –

. – – – – – – . – –

. – – – . – – – – –

. – – – – . . . . –

. . . – . . . . . –

. – . – . . . . . –

. – – – – . – – – –

. – . – – – . . – . –

. – – – – – – – – –

. – % – w % – w % – w . % – w % – w % – w –

. % % – % % % % % –

% – w % – w % % – w % % – w % – w % – w % – w % – w

Explanation: w – withered, % – remains of fruits or leaves, two dates separated by a slash (/) means repeated fl owering.
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T  . Growth rate of generative shoots of  analysed Rubus species (cm) in years -  

Rubus 
species

Year ↓ Growth rate (cm) 

Average 
growth/

year 
(  n)

month 
→ March April May June July

week 
→

rd th st nd rd th st nd rd th st nd rd th st nd

R. idaeus – – . . . . . . . . – – – – – – .

– – . . . . . . . – – – – – – – .

– – . . . . . . . . . . . – – – .

R. alleghe-
niensis

– – – – . . . . . . – – – – – – .

– – – – . . . . . – – – – – – – .

– – – . . . . . . . . . . . . – .

R. cana-
densis

– . . . . . . . . . . – – – – – .

– – . . . . . . . . . – – – – – .

– – . . . . . . . . . . . – – – .

R. gracilis – – – . . . . . . . . . . . – – .

– – – – – – . . . . . . . . . – .

– – – . . . . . . . . . . . . – .

R. prae-
cox

– – . . . . . . . . – – – – – – .

– – . . . . . . . . . . . . – .

– – – . . . . . . . . . . . . – .

R. fabri-
monta-
nus

– . . . . . . . . . – – – – – – .

– – – . . . . . . . . . . . – – .

– – . . . . . . . . . – – – – – .

R. gothi-
cus

– – . . . . . . . . – – – – – – .

– – – . . . . . . . . . . – – – .

. . . . . . . . . . . . – – .

R. hevelli-
cus

– – . . . . . . . . – – – – – – .

– – – . . . . . . . . . . . – – .

– – – . . . . . . . . . . . . – .

R. kule-
szae

– – . . . . . . . . . – – – – – .

– – – . . . . . . . . . . . – – .

– – . . . . . . . . . . . . – – .

R. caesius – . . . . . . . . . . – – – – – .

– – . . . . . . . . . . – – – – .

– – . . . . . . . . . . . – – – .
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DISCUSSION

Generally Rubus species growing in Central Europe 
have been relatively well recognised and their system-
atic evaluation has been conducted in almost all coun-
tries of this region, but their ecological and biological 
properties, with the exception of few species, have not 
been studied in depth (Z  , T  and 
Z  , Ž  and W  , W  , 
L  and L  ). Certainly such data could help 
us understand biogeographical processes, distribution 
dynamics, and migration of these Rubus species. A thor-
ough evaluation would help us identify native Rubus 
species for cultivation as ornamental, herbal or fruit-
-growing plants. 

Especially in recent years brambles have become 
very attractive for consumers, because of the potential 
signifi cance of their fruits and leaves in the prevention 
and treatment of lifestyle diseases. All Rubus species 
are important sources of fl avonoids and other phenolics. 
There is a need to recognise the chemical composition 
of all native species of this genus. At the same time, 
indigenous Rubus species should be studied to better 
understand their habitat conditions, growth dynam-
ics, fl owering and fruiting. Such an evaluation would 
allow us to select the most valuable group of species 
with respect to medicinal properties as well as their util-
ity in cultivation. Since  we have just carried out 
fi eld investigations on native Rubus species cultivated 
in the Dendrological Garden of the Poznań University 
of Life Sciences. We are going to evaluate Rubus species 
for their growth and fruiting every year. Then selected 
species will be analysed in reference to their phenolics 
content in collaboration with the Poznań University of 
Medical Sciences. We would like to recommend new 
Rubus species worthy of introducing into commercial 
cultivation. 

We want also to emphasize the fact that in the case 
of traditionally grown Rubus species, such as R. idae-
us, their wild forms are genetic resources that can be 
repeatedly investigated for useful traits. For example 
M  et . ( ), as well as G  et . 
( ) proved that wild raspberry populations are more 
genetically diverse than cultivars and furthermore that 
the natural gene fl ow between these plant groups practi-
cally does not occur. 

In our earlier studies on Rubus species from the Co-
rylifolii section (K -W  and M -
-R  ), in spite of the close relationship 
between the species, we noticed the diff erences in the 
seasonal rhythm of individual taxa. Similarly, in the cur-
rent study on species with diff erent systematic positions 
within Rubus, the pattern of phenological phenomena 
varied depending on individual species and did not re-
fl ect the taxonomic division of this genus. 

Although two observed alien species naturalized in 
Poland, i.e. R. allegheniensis and R. canadensis, origi-
nated from the eastern part of North America (Z -

 ), their life cycles were diff erent. Usually leaves 
of R. allegheniensis, a species native to more southern 
regions, developed latest of all, while the more north-
erly adapted R. canadensis not surprisingly started its 
vegetative development signifi cantly earlier, as soon as 

temperatures warmed. However, both species are poorly 
adapted to our area. 

CONCLUSIONS

Weather factors distinctly infl uenced the course of 
development phases in all  observed Rubus species. 
Drought during the growing season caused fl owering 
disorders, withering of fruit, earlier overcolouring and 
fall of leaves. However, R. idaeus and R. fabrimonta-
nus successfully completed their entire fruiting cycle 
every year of observations and seemed to be the best 
adapted species for fruit production. Furthermore, R. fa-
brimontanus, together with R. kuleszae and R. praecox, 
were the most vigorous species with reference to shoot 
growth. 

Phenology was variable depending on the individual 
species and did not refl ect the intertaxonomic division 
of the genus Rubus. However, R. idaeus had a visibly 
shorter cycle of fl owering and fruiting. The diff erences 
in phenological stages among the other species were not 
so essential.

The tops of annual stems in all the species except for 
R. idaeus rooted in autumn in response to the shorten-
ing day length. It seemed to be a signifi cant strategy of 
the species dispersal, as it was often noted that some 
species did not ripen their fruit before winter.
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