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SEED MASS AND SEED YIELD OF SIX ROSES (ROSA L., ROSACEAE ADANS.)
FROM CENTRAL RUSSIA (REPUBLIC OF MORDOVIA)

ABSTRACT

Genus Rosa L. is one of most critical taxa within European flora. Majority works is devoted to phylogeny,
taxonomy and nomenclature of roses. Investigations of morphology and ecology of roses are still relatively
few in number. The aim of this study was to evaluate seed mass and seed yield of six rose species (Rosa cin-
namomea, R. spinosissima, R. rugosa, R. rubiginosa, R. glauca and R. canina) from populations in Central
Russia (Republic of Mordovia). As a result of the study, it was revealed that Rosa rugosa has maximal num-
ber of seeds per rosehip among all investigated roses. Roses from section Caninae are characterized by large
number of achenes per rosehip too. In contrast, among all investigated species, Rosa cinnamomea have most
minimal seed yield. Origin of Rosa spinosissima population in Ruzaevka district (Republic of Mordovia,
Central Russia) was proposed as uncertain according to number of seeds per rosehip. At first time, the seed
mass of Rosa cinnamomea, R. glauca and R. rubiginosa was revealed.
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INTRODUCTION

The Republic of Mordovia is located in Central Russia. This territory covers
26,200 sq. km. Coniferous and mixed forests are distributed in the west, north-
west and north of the region. Broad-leaved forests are distributed in the central
and eastern parts of this area. Forest-steppe landscapes are dominated in the east
and south-east of the Republic of Mordovia (Yamashkin, 1998). All this diver-
sity of natural landscapes leads to a wide variety of habitat types in the area.
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At present, study of plant morphology is still relevant. It allows revealing
general patterns of plants structure and degree of their adaptation to environ-
mental conditions. Particularly, it applies to a study of the seed ecology. After
all, the seeds have a significant impact on the plant population regeneration and
the distributing area of plants (Lv et al., 2012). Studies of seeds of wild and cul-
tural plants play significant role in the study of plant ecology and evolutionary
biology (Harper, 1967; Heydecker, 1972; Abrahamson, 1979; Solbrig, 1981;
Baskin and Baskin, 2004). The seed stage of the plant ontogenesis has signifi-
cant effect on the distribution pattern of population, on the population dynam-
ics, on the population management (Steven, 1991; Xie ef al., 1998). Investiga-
tions of the physical characteristics of seeds (Pahlavani et al., 2009; Gladunova
et al., 2014), the seed germination (Bisht ef al., 2012; Greiner and K6hl, 2014),
the seed yield (Ambika ef al., 2014; Nadeem et al., 2014) show the traits of spa-
tial distribution, the ecological preferences of plants, including medicinal,
threatened and invasive species.

Seed size is a key determinant of the mobility, survival and success of plant
propagules (Harper, 1997). Variations in seed size also lead to substantial
changes in seed mass. In its turn, seed mass has a negative correlation with seed
yield, namely, a ten-fold increase in seed mass is associated with a ten-fold de-
crease in the number of seeds that a plant can produce per unit canopy per year
(Henery and Westoby, 2001). Thus, plants producing seeds of different mass
have different implications on germination, the ability to emerge from different
burial depths (Ruiz de Clavijo, 2001) and dispersal (Morse and Schmitt, 1985).
However, there is little done for study of seeds of wild plants (Bustamante-
Garcia et al., 2014; Miroshnichenko, 2014; Zhaldak et al., 2014; Pradhan and
Badola, 2010).

The genus Rosa L. is one of 35 genera of the Rosaceae family in European
flora (Kurtto et al., 2004, 2007, 2010, 2013). Roses are distributed widely
throughout the temperate and subtropical habitats of the northern hemisphere
(Rehder, 1940). At present, the number of wild roses identified in Europe is es-
timated as 46 species and several groups of species (Kurtto et al., 2004). Ac-
cording to 1.O. Buzunova (2001, 2014), V. Kereny-Nagy (2012), this number is
even more. Moreover, huge number of cultivars has been developed either as
garden plants or for the cut rose market, and more recently as indoor pot plants.
Roses are recognized as asource of ornamental, medicinal and food value
(Nybom, 2009). Throughout this time, numerous hybrids, forms, varieties were
described as separate species. As a result, currently it highly difficult to create
uniform generally approved classification of the genus Rosa L. Due to this
problem, most part of publications is devoted to systematics and taxonomy of
the genus Rosa L.

Publications devoted to the morphology of species of genus Rosa L. are not
numerous (Ercisli and Esitken, 2004; Sorokopudov et al., 2009; Rous et al.,
2011; Rezanova et al., 2012; Nevidomova, 2013; Nadeem et al., 2014). Particu-
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larly, it was done little relatively to study of seeds of the genus Rosa L.
(Avdeyev and Minayeva, 2005; Najda and Buczkowska, 2013). Thus, aim of
this study was to compare and evaluate both seed yield and mass of 6 species of
genus Rosa L. known in the Republic of Mordovia (Central Russia). Currently,
18 species are known in the Republic of Mordovia (Khapugin, 2014). They are
inhabited mainly in non-woodland habitats and on the roadsides of transporta-
tion ways (Khapugin and Labutin, 2013; Khapugin and Silaeva, 2012, 2013).

MATERIAL AND METHODS

For our study, we select some species from 4 sections of the genus Rosa L.:
Rosa cinnamomea L. (syn. Rosa majalis Herrm.) from section Rosa (former
Cinnamomeae DC.), Rosa spinosissima L. (syn. Rosa pimpinellifolia L.) from
section Pimpinellifoliae DC., Rosa rugosa Thunb. from section Rugosae
Chrshan. and three species of section Caninae DC.: Rosa glauca Pourr. from
subsection Rubrifoliae Crép., Rosa canina L. s.lato from section Caninae
Christ, Rosa rubiginosa L. from section Rubiginosae Crép. Among them, Rosa
cinnamomea and Rosa canina are roses widely spread in Europe. Rosa glauca is
relatively new alien species for the Republic of Mordovia which was found in
2009 year here (Khapugin, 2012). Rosa rugosa is invasive plant at coastal eco-
systems of Europe (Jorgensen and Kollmann, 2009; Kollmann et al. 2009; Ke-
lager et al., 2013). Nevertheless, within the Republic of Mordovia, R. rugosa
not shows a high level of invasiveness, and it occurs only in disturbed habitats
(Silaeva and Levin, 2010). Rosa rubiginosa is included in the Red Data Book of
the Republic of Mordovia (Barmin, 2003). Rosa spinosissima is considered as
an alien species in the Republic of Mordovia. In this region, Rosa spinosissima
is widely cultivated and rarely found in wild.

These species was selected for the study for several reasons. Firstly, data on
the seed mass and the seed yield for R. cinnamomea, R. glauca and R. rubigi-
nosa are absent. It is especially important because R. cinnamomea is a species
widely spread in Europe. Rosa rubiginosa is rare species in East Europe (Kurtto
et al., 2004; Buzunova, 2014) but, in contrast, it is invasive species in South
America (Zimmermann et al., 2014). Relatively to R. glauca, just one fertile
population of this species is known in the Republic of Mordovia (Romodanovo
district). Other populations of R. glauca in this region not contain plants which
produce fruits. Secondly, there is poor information about the seed mass of
a widespread Rosa canina (Verma et al., 2013). That’s why this rose was se-
lected for the study. Finally, seed characteristics of Rosa rugosa and Rosa
spinosissima were presented in two reviews in relation to the flora of Great Brit-
ain (Bruun, 2005; Mayland-Quellhorst, 2012). These species were selected for
the study for further comparing with known results.

Rosehips were harvested in October — November 2013 year from shrubs
wild / run wild (Table 1). Rosa glauca was harvested from most large shrubs
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from well-known population in the Romodanovo district of the Republic of
Mordovia (Khapugin, 2012): on meadow near the roadside. Rosa spinosissima
and Rosa cinnamomea were harvested on south-western slope from Ruzaevka
district. Rosa rugosa was harvested near the abandoned garden from urban dis-
trict Saransk. Rosa canina s. lato was harvested on meadow at the deciduous
forest edge from Romodanovo district. Rosa rubiginosa was harvested on the
meadow along the slope of ravine in the locality recently founded within Romo-
danovo district (Buzunova et al., 2012).

Most ripe and undamaged rosehips were selected among total number of
those within populations. From 45 (Rosa rubiginosa) to 399 (Rosa glauca) rose-
hips were be harvested for further investigations. Harvesting was carried out
from different plants (Table 1).

Table 1
Origin and number of harvested rosehips

Number of harvested

Species of I\Zgre dlzjf; u]t;liisctrict Coordinates rosehips /studiec'l plants

per population
Rosa cinnamomea Ruzaevka district 54.095365 N, 45.110753 E 151/23
Rosa spinosissima Ruzaevka district 54.094996 N, 45.110408 E 153/5
Rosa rugosa Saransk urban district 54.156703 N, 45.131834 E 50/11
Rosa canina Romodanovo district 54.411045 N, 45.139198 E 305/13
Rosa glauca Romodanovo district 54.417635 N, 45.147878 E 399/8
Rosa rubiginosa Romodanovo district 54.468696 N, 45.333849 E 45/17

Average values of seed mass and seed yield were measured on base of the
Laboratory of Plant Systematics and Phytogeography. For detecting of the seed
mass, samples of 50 achenes were randomly selected and weighted to the near-
est 0.1 mg.

Achieved results were statistically processed by using R packages (R Core
Team, 2014) and Microsoft Excel.

RESULTS

Seed yield

Large values of seed yield were shown for roses from section Caninae DC.
compared to other studied species (Table 2). It is shown at Fig. 1, where graphic
of density parameter have a strongly pronounced spike for each of dog-rose spe-
cies.
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Fig. 1. Probability density function for the seed yield using a Gaussian distribution

Among dog-roses, average seed yield was varied from 16.4 (Rosa glauca) to
24.6 (Rosa rubiginosa) achenes per rosehip. In general, this parameter was
similar for all dog-roses species independently from their origin. For example,
similar values of seed yield were shown both for alien species Rosa glauca and
for rare native species Rosa rubiginosa (Fig. 1). In contrast, seed yields of Rosa
cinnamomea and R. spinosissima were the smallest and non-stable among other
rose species. Among them, the seed yield of R. spinosissima was widely ranged
(from 1 to 31 achenes per rosehip). Main part of rosehips contains 3—6 seeds
(Fig. 1). The highest seed yield was shown for Rosa rugosa. It was widely
ranged (from 38 to 104 achenes per rosechip).
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Seed mass

Maximal value of the seed mass (mass of one achene was 20.3 mg) was
shown for R. spinosissima (Table 2, Fig. 2). In contrast, minimal value of the
seed mass was shown for R. rugosa (mass of one achene was 5.8 mg).

Average values of the seed mass and the seed yield for species of genus Rosa L. feble
Species Seed yield (M+m) Seed mass, g' (M=m)

Rosa cinnamomea 3.9+0.3 0.6828+0.0119°

Rosa spinosissima 8.4+0.5 1.0141£0.0112°

Rosa rugosa 76.3+2.3 0.29204+0.0037¢

Rosa rubiginosa 24.6+0.8 0.8996+0.0080°¢

Rosa glauca 16.4+0.2 0.6253+0.0058¢

Rosa canina 18.6+0.3 0.6997+0.0037¢

e

"Based on a sample of 50 randomly selected seeds from each target, where n* = 13 n® =25, n°=21,n*=31,n
= 61; M — average value, m — error of the mean

Intermediate values of the seed mass were shown for dog-roses. There are R.
glauca (mass of one achene was 12.5 mg), Rosa canina (mass of one achene
was 14.0 mg) and R. rubiginosa (mass of one achene was 18.0 mg).
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Fig. 2. Seed mass of Rosa studied. R.can — Rosa canina, R.glauca — R. glauca, R.rubi — R. rubiginosa,
R.cinn — R. cinnamomea, R.rug — R. rugosa
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DISCUSSION

The present study showed that all detected values of the seed yield of Rosa
rugosa were into the limits noted by H.H. Brrun (2005) for this species. Simi-
larly, the seed mass of R. rugosa was similar to data (6.6 mg; ranging from < 4
mg to > 10 mg) shown by H.H. Bruun (2005: from Junttila, 1974). However,
studies of the seed mass were carried out by Najda and Buczkowska (2013) and
Avdeyev and Minayeva (2005). But they have been measured the total mass of
achenes per rosehip. That’s why we can not to compare our data with those ob-
tained by authors listed above. Thus, Rosa rugosa is characterized by both the
smallest the seed mass and the highest the seed yield. It is known that achenes
of Rosa rugosa have the floating ability (Jessen, 1958). As a result of Jessen’s
experiments, it was conducted that over-ripe hips of Rosa rugosa have
a maximal floating time (time until the last hip sank) of 26, 40 and 42 weeks.
Individual achenes were able to float up to 46 weeks (Jessen, 1958). That’s
why, in our opinion, combination of the smallest the seed mass and the highest
the seed yield is a manifestation of the floating ability of achenes of Rosa
rugosa.

The seed mass of R. spinosissima was most large among rose’s species se-
lected. However, obtained data are near the lower limit of the values range (18—
50 mg) shown by Schroeder and Braun (1945). Similarly, they are less, than
value shown by Kovécs, Toth and Facsar (2004) for this species (35.5 mg). In
contrast, the average seed yield of Rosa spinosissima was rather low among
studied roses. Its value was similar to the data (4.5 achenes per rosehip) shown
by Kovacs, Téth and Facsar (2004). However, automatic autogamy, geitonog-
amy, geitonogamy and xenogamy are typical for this species (Mayland-
Quellhorst ef al., 2012). Taking into account such diversity of pollination ways,
the low seed yield may be the proof of hybrid origin of investigated population.
Moreover, this is supported by results of Schroeder and Braun (1945) which
have shown that seed yield of R. spinosissima is 10-15 and 2-3 achenes per
rosehip for wild and nursery plants, respectively. Due to this, average seed yield
of R. spinosissima in our study was between these ranges. Thereby, we suppose
that origin of this R. spinosissima population should consider as uncertain, as it
was assumed earlier (Mayorov, 1993; Kurtto et al., 2004).

Low value of the seed yield of Rosa cinnamomea is explained by direct cross
-pollination in ontogenesis of this rose (Schanzer and Vagina, 2007). Thereby
different ecological factors are often influenced and limited the seed productiv-
ity of this rose’s species.

All species of section Caninae (Rosa canina, R. glauca, R. rubiginosa) form
stable large number of achenes. This fact is largely explained by a combination
of cross-pollination with apomixis, which was shown in several works
(Werlemark, 2000; Schanzer and Vagina, 2007). It should be noted that the seed
mass of Rosa canina is comparable only with data of Verma et al., Lal, Ahmed
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and Sagoo (2013). They have revealed that mass of R. canina seeds in North
Western Himalayan region of Kashmir is equal 23.96+2.42. This value is
slightly more than it was revealed in our study. In any case, at present, there are
little data about weighted indexes of seeds from different places of the wide
range of Rosa canina. Usually, researchers measure total weight of seeds per
fruits or weight of fruit, but mass of one seed is not measured. And it is
a problem for revealing and comparing of the mass of a single seed of different
roses.

Comparison of the seed yield and the seed mass of Rosa cinnamomea,
R. glauca and R. rubiginosa is not possible due to lack of published comparable
data. That’s why our data on the seed mass and the seed yield for these species
will the first step to study of seed ecology of roses in Central Russia. In future,
study of the seed germination is needed.
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