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Abstract
Achenes of roses were rarely studied and the studies were focused on anatomical
research, mainly on pericarp structure and its development. We investigated the
achene morphology by light- and scanning electron microscopy (LM and SEM) of
17 Rosa taxa from three sections (R. gallica from Gallicanae section, R. pendulina
and R. rugosa from Rosa section, and R. agrestis, R. canina, R. canina var. corymbifera, R. dumalis, R. dumalis var. caesia, R. inodora, R. jundzillii, R. micrantha, R.
rubiginosa, R. sherardii, R. ×subcanina, R. tomentosa, R. villosa, R. zalana from
Caninae section). Eight quantitative and eight qualitative features were examined
based on 9181 achenes, in total. Average achene size ranged from 4.37 to 5.39 mm
in length and from 2.57 to 3.32 mm in width. The lowest morphological variability among the examined taxa was found in R. canina var. corymbifera, and the
highest in R. gallica, R. inodora, and R. sherardii. The most diagnostic features of
the achenes studied were suture (visible or invisible), presence or absence of hairs,
hairs distribution and density, the exocarp sculpture and cuticle pattern type (we
have distinguished four exocarp sculpture and three cuticle pattern types), and
length. Qualitative achene features have significantly higher diagnostic value than
quantitative ones. Taxonomical value of these features is quite high on the species
and section level. Our study has shown that the previously mentioned morphological features of achenes can be used as valuable, additional diagnostic features in delimitation of Rosa taxa at the species and section level. Based on the morphological
features of achenes, a determination key for all Rosa taxa studied was created.
Keywords
achenes; exocarp sculpture; variability; suture; cuticle pattern; SEM; LM

Introduction
Species of the Rosa L. genus are distributed throughout temperate and subtropical
regions of the Northern Hemisphere, in Europe, Asia, Ethiopia, the Middle East, and
North America [1]. The genus comprises from 100 (120) to 200 (250) species and the
taxonomic treatment of this highly diverse group is complicated due to biological
phenomena in reproductive biology, insufficient number of morphological and anatomical features to adequately discriminate between species and the human impact of
rose breeding [2–8].
Published by Polish Botanical Society
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In Europe, depending on taxonomic treatment, 47 [9] or 30–60 [5] naturally
growing rose species are recognized, with a majority from the Caninae section
[5,9–11].
The structure of fruits has been the basis for traditional divisions of the family
Rosaceae into subfamilies [2,12,13], however, these do not always correspond to the
latest taxonomic descriptions of this family [14–16]. Potter et al. [16] recognized
three subfamilies in Rosaceae: Rosoideae, including Filipendula, Rubus, and Rosa,
Dryadoideae, and Spiraeoideae. Division of the genus Rosa into subgenera has also
been based mainly on fruit features [3,5,9]. The fruit of Rosa (the “rose hip”) develops
from an apocarpous gynoecium enveloped in a hypanthium. According to Spjut [17]
this represents a multiple fruit called a “pometum”. The individual carpels represent
the fruitlets and they can be addressed as achenes [7,9,12,18]. We use, according to
Zieliński et al. [19], the more practical term “achenes”, instead of “nutlets” as proposed
by some authors (e.g., [5,20–22]).
There are only a few papers in the carpological literature on the morphology
of rose achenes. Researchers tend to focus more on anatomical studies of achenes,
mainly on pericarp structure or its development (e.g., [19–21,23–26]). Morphological
descriptions of achenes of Rosa taxa are usually brief and superficial [27–29]. Extensive morphological studies on seeds and achenes of 47 taxa of the Rosaceae sensu
lato were conducted by Dowidar et al. [28], but they took into account only R. canina
and R. gallica. Tantawy and Naseri [29] studied taxonomic relations in the Rosoideae
subfamily, based on achene structure of 29 taxa belonging to four tribes and 10 genera
(including: R. glauca, R. hugonis, R. pendulina, R. sempervirens, and R. spinosissima).
Starikova [20,21,26] published a series of papers in which she described achenes of 17
Rosa species. The cited author focused on the anatomy of fruits, thus the description
of their basic morphological characteristics (length, width, shape, pericarp surface,
color) was more or less laconic and incomplete. Also, Khrzhanovskii et al. [23] focused on the anatomical structure of pericarp of 24 Rosa species. The above-cited
studies were carried out only on the basis of light microscopy. He et al. [27] studied
the germination of R. multiflora var. adenochaeta, R. persica, and R. platyacantha, referring only to a few achene features. Bojňanský and Fargašová [30] put together the
basic morphological features of achenes of 44 Rosa species originating from Central
and Eastern Europe.
Despite numerous taxonomic studies published recently of this relatively well
know genus, species relationships within Rosa still remain problematic mainly as a
result of high intraspecific variability, polyploidy, introgression, and interspecific hybridization. Thus, the newest research trend on Rosa genus is focused on phylogenetic
relationships among taxa based on chloroplast DNA sequences, nuclear DNA, or microsatellite analysis (e.g., [11,31–33]). However, there is still a lack in basic descriptions of morphological similarities and differences among Rosa species which might
be helpful in classical taxonomic approach. In general, there are no studies describing morphological variation of taxa belonging to the genus Rosa, based on statistical
analyses of achene biometric features.
In this study, achene morphology of 17 Rosa taxa, belonging to the three sections
(Caninae, Gallicanae, Rosa) was analyzed (Tab. 1). Achenes of the taxa described in
our study were previously analyzed by Bojňanský and Fargašová [30], however, their
descriptions included in the atlas of Rosa achenes are very general and contain only
basic characteristics (size, shape, outline, color, and surface sculpture), without any
comparisons and statistical analyses.
The most common European Rosa species were chosen for this study, e.g., R.
canina, R. dumalis, R. agrestis, R. rubiginosa, R. sherardii, R. tomentosa, or R. villosa
[5,9,10], as well as less frequent species for which achene morphology was not previously described in detail (e.g., R. jundzillii, R. gallica, R. micrantha). The study also
included R. rugosa – a species from eastern Asia – because this species is one of the
most common rose species cultivated in many European countries [31]. Rosa rugosa
is recorded in 16 European countries [34–37]. In Poland this species is considered as
an invasive, naturalized species [38].
The aim of the study is a morphological analysis of achenes of 17 Rosa taxa to
estimate the usefulness of investigated features in the taxonomy of the genus. Important, new aspects raised in this study, are the measurement of four quantitative
© The Author(s) 2016
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achene features not previously described (e.g., surface area, projected area, volume,
and mass) and to determine the morphological variability of achenes of the species
studied.

Material and methods
The study was conducted on 17 rose taxa (14 species, two varieties, and one hybrid)
which represented three sections (Caninae, Gallicanae, Rosa) of the genus Rosa
(Tab. 1).
Fruit samples of 17 wild Rosa taxa were both collected in the field and gathered
from specimens in the Herbarium of the Institute of Dendrology PAS in Kórnik (Poland) – KOR. All material originated from natural sites in Poland. The list of localities
of the Rosa taxa studied is given in the Appendix S1.
The observations were carried out on ripe and fully developed achenes; some of
achenes collected were not fully developed thus we reduced the number of plant material used in the study. Depending on the taxa, 32 to 1178 randomly selected achenes
were measured (Tab. 1). In total 9181 achenes were examined in this study. The size of
particular samples for a given individual ranged from 32 to 108 achenes. The number
of samples from a given species depended on their availability in natural sites and
herbarium sheets.
The achenes were cleaned before observations were made. The biometrical traits of
Rosa fruits were analyzed using the WinSeedle™ 2003a software (Régent Instruments
Inc., Quebec, Canada; http://www.regentinstruments.com). The following achene
traits were measured: length (mm) and width (mm), surface area (mm2), projected
Tab. 1 Number of individuals (rose shrubs) and number of achenes examined for each taxon.
Section

Taxon

Caninae

Rosa agrestis

2

89

Caninae

Rosa canina

15

970

Caninae

Rosa canina var. corymbifera

13

639

Caninae

Rosa dumalis

13

702

Caninae

Rosa dumalis var. caesia

13

810

Gallicanae

Rosa gallica

2

73

Caninae

Rosa inodora

13

607

Caninae

Rosa jundzillii

4

167

Caninae

Rosa micrantha

1

32

Rosa

Rosa pendulina

4

177

Caninae

Rosa rubiginosa

15

1117

Rosa

Rosa rugosa

2

215

Caninae

Rosa sherardii

15

948

Caninae

Rosa ×subcanina

11

598

Caninae

Rosa tomentosa

11

726

Caninae

Rosa villosa

14

1178

Caninae

Rosa zalana

2

133

150

9181

Total
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area (mm2), volume (mm3), projected perimeter (mm), and dry mass (g). Surface area
means total area of the surface of a three-dimensional object, projected area is twodimensional area measurement of a three-dimensional object by projecting its shape
on to an arbitrary plane and projected perimeter means perimeter of achene projected
area. Achene length to width ratio (L/W) was also calculated. Furthermore, selected
qualitative achene features, as: shape, outline, exocarp surface sculpture, cuticle pattern, suture visible or invisible, and the presence or absence of hairs and, if present,
their distribution and density, were determined.
For SEM five achenes of each Rosa taxa, originated from different sites, were analyzed. They were mounted on aluminum stubs, sputter-coated with gold and examined with a Hitachi S3000N field emission scanning electron microscope at 5 kV in
the Institute of Plant Protection in Poznań (Poland). For LM, achenes were photographed on a black background using a stereomicroscope (Nikon SMZ 800) with attached camera (Canon Power Shot G6).
The terminology for descriptions of morphological characteristics of the achenes
followed Bojňanský and Fargašová [30], Stearn [39], and Andenberg [40].
For each achene feature measured, one-factor analysis of variance (ANOVA) was
used to examine differences in the mean values among taxa studied. When critical differences were noted (p < 0.05), multiple comparisons were carried out using Tukey’s
test for unequal sample sizes. The same letters on figures indicate a lack of statistically significant differences between the taxa studied according to Tukey’s a posteriori
test. To show similarities and differences among the taxa studied, Ward’s hierarchical
clustering method was used to delineate groups based on all achene morphological
features. Results were also analyzed using multivariate methods. Analysis of canonical
variables was applied in order to present multitrait assessment of similarity of tested
taxa in a lower number of dimensions with the least possible loss of information [41].
This makes it possible to illustrate variation in species in terms of all observed traits
in the graphic form. Statistical analyses were performed using JMP Pro 12.1.0 (SAS
Institute Inc. Cary, NC, USA; http://www.jmp.com) and GenStat 17th edition.

Results
Achenes of the Rosa taxa studied were bilateral, rarely three- or extremely rarely fivesided, mostly ovoid or ellipsoid in shape, with acute or ± rounded apices and obtuse
or rounded bases (Fig. 1, Fig. 2).
The outline of achenes was mostly ovate and elliptical, hardly ever lanceolate, triangular with obtuse apices, or circular and rarely obovate, oblanceolate or heartlike.
Individual achene sizes ranged from 1.90 mm (R. villosa) to 8.43 mm (R. dumalis)
in length and from 0.70 mm (R. villosa) to 5.06 mm (R. canina) in width. The highest
range of achene length was found in R. villosa, and the lowest in R. micrantha (Fig. 3).
Achene mean length was fairly stable, because the difference in the extreme values
of this trait was 1.02 mm (R. rubiginosa vs. R. rugosa). The mean width was even
less diverse (0.75 mm range) with the smallest in R. zalana and largest in R. agrestis
(Fig. 4).
Achenes were elongated. Mean length to width ratio ranged from 1.50 in R. gallica to 1.94 in R. pendulina (Fig. 5). In our study, the shape of achenes was mostly
ovoid (e.g., R. agrestis, R. dumalis, R. micrantha, R. pendulina, R. tomentosa, R. zalana)
and ellipsoid (e.g., R. agrestis, R. dumalis, R. sherardii, R. rubiginosa, R. tomentosa,
R. villosa), less often three-sided (R. canina, R. gallica, R. jundzillii, R. micrantha),
three-sided angular (R. agrestis), rarely angular (R. zalana), obovoid (R. rugosa), or
heart-shaped (R. inodora).
The average value of achene surface area ranged from 20.31 mm2 (R. zalana) to
29.99 mm2 (R. agrestis; Fig. 6). The mean projected area ranged from 8.45 mm2 in R.
zalana to 12.51 mm2 in R. canina (Fig. 7). The average projected perimeter ranged
from 11.70 and 11.74 mm in R. rubiginosa and R. zalana to 13.98 and 14.00 mm in
R. agrestis and R. rugosa, respectively (Fig. 8). The lowest mean volume was found in
fruits of R. zalana, and the biggest ones were observed in R. agrestis (Fig. 9). Masses

© The Author(s) 2016
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Fig. 1 LM micrographs of achenes of taxa studied. Dorsal side of achenes; achenes outline, shape, suture, and hairs visible. a R.
agrestis; b R. canina; c R. canina var. corymbifera; d R. dumalis; e R. dumalis var. caesia; f R. gallica; g R. inodora; h R. jundzillii; i R.
micrantha; j R. pendulina; k R. rubiginosa; l R. rugosa; m R. sherardii; n R. ×subcanina; o R. tomentosa; p R. villosa; r R. zalana.

of individual achenes of the taxa studied were also highly variable and significantly
different (Fig. 10).
We found statistically significant differences (p < 0.001) among the Rosa taxa examined with regard to all the achene features measured. Coefficients of variation (CV;
calculated taking into account all the Rosa taxa examined) for the achene features
analyzed were as follows: projected perimeter – 11.5%, length – 12.7%, width – 13.8%,
L/W ratio – 16.3%, projected area – 19.7%, surface area – 19.9%, mass – 25.7%, and
volume – 32.3%.
The agglomeration grouping using the Ward method yielded a dendrogram
(Fig. 11), which was used to divide the Rosa taxa examined into two groups and five
subgroups. The first group was comprised of R. agrestis, R. jundzillii, and R. rugosa
(subgroup 1), R. canina, R. dumalis var. caesia, R. tomentosa, R. ×subcanina, R. villosa
(subgroup 2), R. dumalis, R. inodora, and R. gallica (subgroup 3), while in the second
group were included six taxa, R. canina var. corymbifera, R. micrantha, R. rubiginosa
© The Author(s) 2016
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Fig. 2 LM micrographs of achenes of taxa studied. Ventral side of achenes; achenes outline, shape, suture and hairs visible. a R.
agrestis; b R. canina; c R. canina var. corymbifera; d R. dumalis; e R. dumalis var. caesia; f R. gallica; g R. inodora; h R. jundzillii; i R.
micrantha; j R. pendulina; k R. rubiginosa; l R. rugosa; m R. sherardii; n R. ×subcanina; o R. tomentosa; p R. villosa; r R. zalana.

(subgroup 1), R. pendulina, R. sherardii, and R. zalana (subgroup 2). Rosa agrestis and
R. zalana showed the most distant positions on the dendrogram.
On the outer surface of the exocarp there is a distinct cuticle layer with patterns that
varied among taxa. The cuticle patterns were mostly striate, very rarely striate-smooth
or smooth (Fig. 12). In many taxa striae were long and extended along the achene (R.
agrestis, R. gallica, R. inodora, R. micrantha, R. rubiginosa, R. sherardii, R. ×subcanina,
R. villosa). Rosa dumalis, R. dumalis var. caesia, and R. jundzillii striae had a very distinctive cuticle pattern, because the striae were short, very numerous and run across
the achene. Such striae were often concentrated near the stomata, distributed over the
surface of the fruit. There were also taxa in which striae ran both along (longer) and
across (shorter) the achene (e.g., R. canina, R. canina var. corymbifera, R. tomentosa).
In two species (R. micrantha, R. zalana) at least part of the achene surface was striate
(long striae), and part was also smooth. In R. pendulina and R. rugosa the cuticle pattern was smooth.
© The Author(s) 2016
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Fig. 3 Box-and-whisker diagram of achene length values for the particular Rosa taxa analyzed.
Description: the left side of the box is determined by the lower quantile, Q1, and the right side
of the by the upper quantile, Q3. The length of the box corresponds to interquartile range. The
vertical line inside the box corresponds to median value. The end of the left section determines the
minimum value in a set, while the right end – the maximum value of the trait. The same letters on
figure indicate a lack of statistically significant differences between the taxa according to Tukey’s
a posteriori test.

Fig. 4 Box-and-whisker diagram of achene width values for the particular Rosa taxa analyzed.
Description as in Fig. 3.

© The Author(s) 2016
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Fig. 5 Box-and-whisker diagram of achene length to width ratio values for the particular Rosa
taxa analyzed. Description as in Fig. 3.

Fig. 6 Box-and-whisker diagram of achene surface area values for the particular Rosa taxa analyzed. Description as in Fig. 3.

© The Author(s) 2016
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Fig. 7 Box-and-whisker diagram of achene projected area values for the particular Rosa taxa
analyzed. Description as in Fig. 3.

Fig. 8 Box-and-whisker diagram of achene projected perimeter values for the particular Rosa
taxa analyzed. Description as in Fig. 3.

© The Author(s) 2016
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Fig. 9 Box-and-whisker diagram of achene volume values for the particular Rosa taxa analyzed. Description as in Fig. 3.

Fig. 10 Mean masses (±SE) of achenes for all Rosa taxa studied.

© The Author(s) 2016
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Fig. 11 Dendrogram of cluster groupings of Rosa taxa on the basis of achene morphological
features.

SEM analyses revealed four types of exocarp surface (Fig. 12). Mostly the exocarp
sculpture was scalariform, reticulate, reticulate-scalariform and very rarely smooth.
The exocarp cells were elongated or isodiametric and circular, tetra-, penta-, or hexagonal-shaped. The anticlinal walls were mostly raised, straight and irregular, bent and
of varying width, periclinal walls were slightly depressed. In the scalariform surface
type exocarp cells were elongated (e.g., R. tomentosa). The walls of these cells were
relatively wide and of average height in some taxa (R. agrestis, R. canina, R. canina
var. corymbifera, R. ×subcanina). In other taxa they were narrow and slightly flat (R.
inodora) or very flat (R. sherardii, R. tomentosa). A reticulate surface was present in
R. rugosa, which exhibited a specific surface type, because its cells were irregularly
square or rectangular with very broad, low walls. In other taxa with reticulate surfaces, the walls were wider (R. villosa) or narrower (R. gallica). Some of the rose taxa
studied also had reticulate-scalariform surfaces, in this case one part of achene surface
was reticulate, and remaining – scalariform. The cells were elongated and rounded.
The cell walls were similar, usually with average width and height. Such reticulatescalariform surfaces were observed in R. dumalis, R. dumalis var. caesia, R. jundzillii,
and R. rubiginosa. Smooth surface was the rarest – this type was found in three species (R. micrantha, R. pendulina, R. zalana). In this case, most of the achene surface
was smooth, and only in some places was a scalariform or reticulate surface observed
(Fig. 12).
Rose fruits are closed with a pericarp suture, originating from the fusion of carpel
margins. Many fruits of the rose taxa studied had a suture, which was more often
present on the ventral side (Fig. 2). A few taxa had indistinct sutures (R. canina var.
corymbifera, R. canina var. corymbifera, R. ×subcanina, R. dumalis var. caesia, R. inodora, R. jundzillii), however, in R. tomentosa and R. zalana, suturae were not visible
(Fig. 1, Fig. 2).
Achenes of the taxa studied were slightly to densely hairy or hairless (Fig. 1, Fig. 2).
Hairs were usually long and white. Hairs occurred slightly more often on the ventral
side, than on the dorsal side. They appeared on the entire surface of the ventral or
dorsal side of achenes (e.g., R. dumalis, R. dumalis var. caesia, R. rubiginosa, R. tomentosa), or concentrated only at the apices or at the bases, around the attachment scar
(e.g., R. agrestis, R. canina, R. pendulina, R. sherardii). Quite dense hairy achenes were
© The Author(s) 2016
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Fig. 12 SEM micrographs of achenes of taxa studied with cuticle pattern and exocarp surface sculpture. a R. agrestis; b R. canina; c
R. canina var. corymbifera; d R. dumalis; e R. dumalis var. caesia; f R. gallica; g R. inodora; h R. jundzillii; i R. micrantha; j R. pendulina;
k R. rubiginosa; l R. rugosa; m R. sherardii; n R. ×subcanina; o R. tomentosa; p R. villosa; r R. zalana. Types of cuticle pattern: striate a–
h,k,m,n,p; striate-smooth i,r; smooth j,l. Types of exocarp sculpture: scalariform a–c,h,m–o; reticulate f,l,p; reticulate-scalariform
d,e,g,k; smooth i,j,r.

found in R. dumalis, R. dumalis var. caesia, R. inodora, R. rubiginosa, R. tomentosa,
and R. villosa. Single hairs were present in R. agrestis, R gallica, or R. ×subcanina.
Hairless fruits were found for R. canina var. corymbifera, R. jundzillii, R. micrantha, R.
rugosa, and R. zalana (Fig. 1, Fig. 2).
Key to the studied Rosa taxa, based on the morphological characters of achene
1 Suture visible
2
1 Suture invisible
14
2 Achenes hairy
3
2 Achenes hairless
11
3 Achenes hairy on the ventral side
4
3 Achenes hairy on the dorsal side
8
4 Achenes hairy ± on the whole surface
5
4 Achenes hairy only near the attachment scar or at the apex
6
5 Exocarp surface reticulate and scalariform. Striae run mainly across achene, very
numerous, short
R. dumalis, R. dumalis var. caesia
5 Exocarp surface reticulate and scalariform. Striae run along the achene

R. inodora, R. rubiginosa
6 Achenes hairy around the attachment scar
R. canina
6 Achenes hairy at the apex
7
7 Exocarp surface and cuticle pattern smooth
R. pendulina
7 Exocarp surface scalariform. Cuticle pattern striate, in some places smooth

R. sherardii
8 Achenes densely hairy
R. villosa
8 Achenes slightly hairy
9
9 Exocarp surface reticulate. The cell walls are wide
R. gallica
9 Exocarp surface scalariform. The cell walls are narrow
10
10 Achenes slightly hairy ± on the whole surface
R. ×subcanina
10 Achenes slightly hairy only at the apex
R. agrestis
11 Exocarp surface smooth. Cuticle pattern striate
R. micrantha
11 Exocarp surface reticulate or scalariform. Cuticle pattern smooth or striate

R. rugosa, R. canina var. corymbifera, R. jundzillii
12 Exocarp surface reticulate. Cuticle pattern smooth
R. rugosa
12 Exocarp surface scalariform. Cuticle pattern striate
13
13 Striae long, run along the achene
R. canina var. corymbifera
13 Striae both long and short, the latter run across achene
R. jundzillii
14 Achenes hairy
R. tomentosa
14 Achenes hairless
R. zalana
The multidimensional analysis of the studied traits compared Rosa taxa in respect of
seven morphological achene features (excluding mass). The first and second canonical
varieties elucidated 49.28% and 32.67%, respectively, of multivariate variability of the
taxa studied (Fig. 13).

Discussion
Many of the achene morphological traits had not been analyzed yet, thus with the exception of Bojňanský and Fargašová [30], it was impossible to compare current results
with those of other authors. Comparison of the current study on achene morphology of the selected Rosa taxa to literature data [20,21,23,25–30,40,42] revealed that
our results were sometimes similar to these findings (this relates to average length
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and width, outline, shape and color), but
in the case of several characteristics, especially for suture and hair, but also for
exocarp surface types or size range, they
varied considerably.
Bojňanský and Fargašová [30] emphasized the high diagnostic value of
such qualitative features as the presence
or absence of suture and hairs, hair distribution and density. We fully agree with
this opinion, although our results sometimes differed from data provided by the
authors cited. On the basis of the features mentioned above, we were able to
distinguish most of the taxa studied. One
controversial proposal by Bojňanský and
Fargašová [30] was division of Rosa speFig. 13 Configuration of Rosa taxa in the space of two canonical varieties calcies into types with or without sutures.
culated for the all observed features.
In our opinion, confirmed by anatomical
studies by Zieliński et al. [19], achenes of
all roses have a suture, but in some taxa it is not visible. Therefore, instead of determining achenes to be with or without suture, we used the term achenes with visible
or invisible suture.
Other very important features were the cuticle pattern and exocarp sculpture. According to Zieliński et al. [19], the cuticle layer of roses is usually thick. Our SEM
morphological analyses have shown that despite this, the exocarp surface was visible in all taxa studied. The cuticle pattern of rose achenes was described in any of
the available papers. It is mostly striate, very rarely striate-smooth or smooth. In our
opinion this is an important feature, helpful in distinguishing particular taxa (e.g., R.
gallica, R. pendulina, or R. sherardii) or groups of species (e.g., R. dumalis, R. dumalis
var. caesia). Our results show that achene surface sculpture was mostly scalariform,
reticulate or scalariform and reticulate and very rarely smooth. These results differ
from published data by Starikova [20,21,25,26], where achene surface sculpture was
most often ribbed, rarely smooth or slightly angled-convex or smooth. This was due to
the use of only the light microscope by the cited author. Tantawy and Naseri [29] give
two surface types – glabrous and pubescent – for the five Rosa species studied. Our
results indicate, however, that the diversity of features described is larger than these
authors reported as we have found four achene surface types (scalariform, reticulate,
reticulate-scalariform, and smooth). Bojňanský and Fargašová [30] have identified
many types of achene surface sculpture – from smooth, through barely humpy or
shallow furrowed, to waved, glabrous and finely wrinkled. The one qualitative feature
with lower rank was achene shape. The taxonomic value of this feature is low because
most species examined in our study had two shape types – ovoid or ellipsoid. All
authors cited above have reported the same achene shapes.
Among the quantitative features, the highest taxonomic importance was the length
of achenes. The average values of the length and width of achenes shown in our study
were similar to values obtained by other authors [20,21,23,25–29], but ranges of these
two features were much larger than those given by Bojňanský and Fargašová [30]. For
example, in R. canina the previously reported range of length and width of achenes was
5.5–6.0 × 2.8–3.5 mm, while in our study it was 3.57–6.84 × 1.99–5.06 mm, respectively (Fig. 4, Fig. 5). This most likely results from a much larger number of achenes
for Rosa taxa included in our study. Some quantitative features of achenes not previously studied, but analyzed in our study (e.g., surface area, projected area, volume,
and mass) have not been very useful for identification of the rose taxa studied.
As can be concluded from this study, achene morphological structure reflects only
slightly the consanguinity relationships between the species from the Caninae section
described by Zieliński [10] and Henker [5]. According to Zieliński [10], R. canina
was the “initial” species for this section. It is from here that six development lines run
formed by R. judzillii (1), then by R. micrantha and R. rubiginosa (2), R. agrestis and
R. inodora (3), R. tomentosa, R. sherardii, and R. villosa (4) and two single species – R.
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dumalis (5) and R. glauca (6). On the dendrogram (Fig. 11), some closely related species (e.g., R. agrestis and R. inodora or R. tomentosa, R. sherardii and R. villosa) occupied rather distinct positions, but a close relationship was confirmed for R. micrantha
and R. rubiginosa. Rosa jundzillii showed a separate position, but forms a subgroup
with R. agrestis belonging to a different lineage. On the section level, neither R. gallica from section Gallicanae, nor R. pendulina from section Rosa, were distinguished
(among the taxa studied) from section Caninae. Obtained results are not unambiguous, because of the strong polymorphic character of the Caninae section, forming
hybrid swarm with R. canina, that link all taxa in that section [3,10].

Conclusions
■■ Qualitative achene features have significantly higher diagnostic value than quantitative ones. Taxonomical value of these features is quite high on the species and
section level. Based on the above-mentioned list of achene features we were able
to distinguish 13 taxa from three sections: R. gallica (from Gallicanae section), R.
pendulina, R. rugosa (from Rosa section), and R. agrestis, R. canina, R. canina var.
corymbifera, R. jundzillii, R. micrantha, R. sherardii, R. ×subcanina, R. tomentosa,
R. villosa, R. zalana (from Caninae section). Therefore, achene morphology can be
used as a valuable, auxiliary feature for diagnosis of these taxa.
■■ The most valuable diagnostic achene characteristics for separating 17 taxa of the
genus Rosa studied are: visible or invisible suture, hair presence or absence, their
distribution and density, the cuticle pattern, exocarp surface sculpture, and fruit
length.
■■ The most significant quantitative taxonomic feature is length of achenes.
■■ The achene features examined are moderately variable. The least variable are projected perimeter and length while the most variable – achene mass and volume.
■■ The lowest variability among the examined taxa was found in R. canina var. corymbifera, and the highest in R. gallica, R. inodora, and R. sherardii.
■■ The distribution of the taxa studied on the dendrogram partly confirms the division of the genus Rosa into sections currently adopted in taxonomy [5]. In addition, it only slightly reflects consanguinity relationships between species from the
section Caninae described by Zieliński [10] and Henker [5] (Fig. 11).

Acknowledgments
We would like to thank Dr. Lee E. Frelich (University of Minnesota, USA) for linguistic support
and valuable comments on the early draft of the manuscript. We would like to kindly thank to the
anonymous reviewers for their helpful comments to the earlier draft of the manuscript.
Supplementary material
The following supplementary material for this article is available at http://pbsociety.org.pl/journals/index.php/asbp/rt/suppFiles/asbp.3493/0:
Appendix S1 List of localities of the Rosa taxa studied.
References
1. Rehder A. Manual of cultivated trees and shrubs hardy in North America. 2nd ed. Berlin:
Springer; 1960.
2. Hutchinson J. The genera of flowering plants: dicotyledons. Vol. 1. Oxford: Clarendon
Press; 1964.
3. Zieliński J. Rodzaj Rosa L. Warszawa: Państwowe Wydawnictwo Naukowe; 1987. (Flora
Polski. Rośliny Naczyniowe; vol 5).

© The Author(s) 2016

Published by Polish Botanical Society

Acta Soc Bot Pol 85(2):3493

15 of 17

Jagodziński et al. / Achene morphology of Rosa taxa

4. Nilsson O. Rosa. In: Davis PH, editor. Flora of Turkey and the East Aegean Islands. Vol. 4.
Edinburgh: Edinburgh University Press; 1997. p. 106–128.
5. Henker H. Rosa L. In: Conert HJ, Jäger EJ, Kadereit JW, Schultze-Motel W, Wagenitz G,
Weber HE, editors. Hegi Illustrierte Flora von Mitteleuropa, 4(2C). Berlin: Parey Buchverlag; 2000.
6. Wissemann V. Conventional taxonomy of wild roses. In: Roberts A, Debener T, Gudin S,
editors. Encyclopedia of rose science. London: Academic Press; 2003. p. 111–117. http://
dx.doi.org/10.1016/B0-12-227620-5/00019-7
7. Kalkman C. Rosaceae. In: Kubitzki K, editor. Flowering plants – dicotyledons: Celastrales,
Oxalidales, Rosales, Cornales, Ericales. Berlin: Springer; 2004. p. 343–386. (The Families
and Genera of Vascular Plants; vol 6).
8. Buzunova I, Zieliński J, Romo A. Rubus rubiginosa (Rosaceae) in Morocco – first records
from northern Africa. Dendrobiology. 2011;66:99–103.
9. Klaštersky I. Rosa L. In: Tutin TG, Heywood VH, Burges NA, Moore DM, Valentine DH,
Walters SM, et al., editors. Flora Europaea. Vol. 2. Cambridge: Cambridge University
Press; 1968. p. 25–32.
10. Zieliński J. Studia nad rodzajem Rosa L. – systematyka sekcji Caninae DC em Christ. Arboretum Kórnickie. 1985;30:3–109.
11. Fougere-Danezan M, Joly S, Bruneau A, Gao X, Zhang L. Phylogeny and biogeography
of wild roses with specific attention to polyploids. Ann Bot. 2014;115(2):275–291. http://
dx.doi.org/10.1093/aob/mcu245
12. Lawrence GHM. Taxonomy of vascular plants. New York, NY: The Macmillan Company;
1958.
13. Takhtajan A. Diversity and classification of flowering plants. New York, NY: Columbia
University Press; 1997.
14. Angiosperm Phylogeny Group. An update of the Angiosperm Phylogeny Group classification for the orders and families of flowering plants: APG II. Bot J Linn Soc.
2003;141(4):399–436. http://dx.doi.org/10.1046/j.1095-8339.2003.t01-1-00158.x
15. Kubitzki K. Flowering plants – dicotyledons: Celastrales, Oxalidales, Rosales, Cornales,
Ericales. Berlin: Springer; 2004. (The Families and Genera of Vascular Plants; vol 6).
16. Potter D, Eriksson T, Evans RC, Oh S, Smedmark JEE, Morgan DR, et al. Phylogeny and
classification of Rosaceae. Plant Syst Evol. 2007(1–2);266:5–43. http://dx.doi.org/10.1007/
s00606-007-0539-9
17. Spjut RW. A systematic treatment of fruit types. Mem N Y Bot Gard. 1994;70:1–182.
18. Stace C. New flora of the British Isles. 3nd Edition. Cambridge: Cambridge University
Press; 2010.
19. Zieliński J, Guzicka M, Tomaszewski D, Maciejewska-Rutkowska I. Pericarp anatomy of
wild roses (Rosa L., Rosaceae). Flora. 2010;205(6):363–369. http://dx.doi.org/10.1016/j.
flora.2009.12.002
20. Starikova VV. Morphological-anatomical characteristics of the nutlets in some Rosa species. Bot Zhurn. 1973;58:893–898.
21. Starikova VV. Morphological-anatomical characteristics of nutlets in some species of Rosa
(Rosaceae). Botanichesky Zhurnal. 1983;68:522–524.
22. Artjushenko ZT, Feodorov AA. Organographia illustrata plantarum vascularium: fructus.
Leningrad: Nauka; 1986.
23. Khrzhanovskii VG, Ponomarenko SF, Kolobov ES. Mikromorfologicheskaya kharakteristika plodov shipovnika v svyazi s sistematikoi roda Rosa L. Bulletin Glavnogo Botanicheskogo Sada. 1985;137:47–53.
24. Guzicka M, Zieliński J, Tomaszewski D, Gawlak M. Anatomical study on the developing
pericarp of selected Rosa species (Rosaceae). Dendrobiology. 2012;68:77–87.
25. Starikova VV. Anatomo-morphological characteristics of nuts of Rosa rugosa Thunb. in
the process of their development. Botanichesky Zhurnal. 1975;60:558–563.
26. Starikova VV. Morphologo-anatomical characterization of nutlets of some Rosa species
(Rosaceae). Botanichesky Zhurnal. 1977;62:1500–1504.
27. He H, Ueda Y, Kurosawa T, Ogawa S, Nishino E, Wang B, et al. Morphological character
and germination in achenes of Rosa persica Michx. Acta Hortic. 2001;547:129–140. http://
dx.doi.org/10.17660/ActaHortic.2001.547.16
© The Author(s) 2016

Published by Polish Botanical Society

Acta Soc Bot Pol 85(2):3493

16 of 17

Jagodziński et al. / Achene morphology of Rosa taxa

28. Dowidar AE, Loutfy MHA, Kamel EA, Ahamed AHM, Hafez HHL. Studies on the Rosaceae I. Seed and/or achene macro and micromorphology. Pak J Biol Sci. 2003;6:1778–1791.
http://dx.doi.org/10.3923/pjbs.2003.1778.1791
29. Tantawy ME, Naseri MM. A contribution to the achene knowledge of Rosoideae (Rosaceae) LM and SEM. Int J Agric Biol. 2003;5:105–112.
30. Bojňanský V, Fargašová A. Atlas of seeds and fruits of Central and East-European flora.
The Carpathian Mountains region. Dordrecht: Springer; 2007.
31. Bruneau A, Starr JR, Joly S. Phylogenetic relationships in the genus Rosa: new evidence
from chloroplast DNA sequences and an appraisal of current knowledge. Syst Bot.
2007;32(2):366–378. http://dx.doi.org/10.1600/036364407781179653
32. Yokota K, Roberts AV, Mottley J, Lewis R, Brandham PE. Nuclear DNA amounts in roses.
Ann Bot. 2000;85:557–561. http://dx.doi.org/10.1006/anbo.1999.1102
33. Scariot V, Akkak A, Botta R. Characterization and genetic relationship of wild species and
old garden roses based on microsatellite analysis. J Am Soc Hortic Sci. 2006;131(1):66–73.
34. Weidema I. NOBANIS – invasive alien species fact sheet – Rosa rugosa. Online Database
of the European Network on Invasive Alien Species [Internet]. 2006 [cited 2015 Feb 14].
Available from: https://www.nobanis.org/globalassets/speciesinfo/r/rosa-rugosa/rosa_rugosa.pdf
35. Kurtto A, Lampinen R, Junikka L. Atlas Florae Europaeae. Distribution of vascular plants
in Europe. Vol. 13. Rosaceae (Spiraea to Fragaria, excl. Rubus). Helsinki: The Committee
for Mapping the Flora of Europe and Societas Biologica Fennica Vanamo; 2004.
36. Bruun HH. Biological flora of the British Isles. No. 239. Rosa rugosa Thunb. ex Murray. J
Ecol. 2005;93:441–470. http://dx.doi.org/10.1111/j.1365-2745.2005.01002.x
37. Essl F. Rosa rugosa Thunb. ex Murray (Rosaceae, Magnoliophyta). In: Drake JA, editor.
Handbook of alien species in Europe. Berlin: Springer; 2008. p. 358.
38. Tokarska-Guzik B, Dajdok Z, Zając M, Zając A, Urbisz A, Danielewicz W, et al. Rośliny
obcego pochodzenia w Polsce ze szczególnym uwzględnieniem gatunków inwazyjnych.
Warszawa: Generalna Dyrekcja Ochrony Środowiska; 2012.
39. Stearn WT. Botanical Latin: history, grammar, syntax, terminology, and vocabulary. 4th
ed. Newton Abbot: David & Charles; 1992.
40. Andenberg AL. Atlas of seeds and small fruits of Northwest-European plant species (Sweden, Norway, Denmark, East Fennoscandia and Iceland) with morphological descriptions.
Part 4: Resedaceae-Umbelliferae. Stockholm: Swedish Museum of Natural History; 1994.
41. Seidler-Łożykowska K, Bocianowski J. Evaluation of variability of morphological traits of
selected caraway (Carum carvi L.) genotypes. Ind Crops Prod. 2012;35:140–145. http://
dx.doi.org/10.1016/j.indcrop.2011.06.026
42. Strik BC, Proctor JTA. Relationship between achene number, achene density, and berry
fresh weight in strawberry. J Am Soc Hortic Sci. 1988;113:620–623.

© The Author(s) 2016

Published by Polish Botanical Society

Acta Soc Bot Pol 85(2):3493

17 of 17

