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Morphological features of flowers and fruits of Valeriana stolonifera and their taxonomic significance

or other hairs in pubescence of the fruit depend-
ed on the state of maturity and is not a diagnostic 
character — unripe fruits are mostly covered by 
ribbon-like hairs (Figs 2D–F; 3C–E). The pubes-
cence on the awns is similar in all studied samples. 

The awns are covered with long, twisted, mostly 
ribbon-like hairs.

It should be noted that the use of SEM in our 
study revealed important features of the fruits 
surface microstructure. Both subsp. stolonifera 

Fig. 4. Flower of Valeriana stolonifera subsp. angustifolia (SEM) from Ukraine. A: bract and top of the pistil; B: top of 
the calyx and base of the corolla; C: corolla; D: anther with projection of the connective; E: pistil; F: trifid stigma
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and subsp. angustifolia are quite similar, having 
the small tuberculate type of fruits surface. Exo-
carp cells on the ribs are arranged in rows along 
the longitudinal axis. They are elongated and have 
slightly convex outer periclinal walls. The cells of 

the surface on the interribs areas are without clear 
orientation, boundaries between the cells of the 
exocarp are clear. The cells are with slightly con-
vex periclinal walls, angular, rounded, or in some 
areas elongated, mostly with trichomes, but closer 

Fig. 5. Flower of Valeriana stolonifera subsp. stolonifera (SEM) from Ukraine. A: bract and pistil; B: top of the calyx and 
base of the corolla; C: corolla; D: anther with projection of the connective; E: pistil; F: trifid stigma
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to the ribs, hairs are absent. The fruit surface of V. 
stolonifera subsp. stolonifera is covered with numer-
ous papillae up to 40 µm long and with rounded or 
linear cuticular formations on the cell surface. In 
fruit specimens of V. stolonifera subsp. angustifolia, 
papillae were very rare or absent. The presence of 
papillae on the fruit surface may be a result of envi-
ronmental factors or physiological processes in the 
plant. Oval stomata were found on the surface of all 
samples. The stomata are surrounded by two, more 
often five lateral cells, located radially relative to the 
stomata. The shape and cuticular sculpture of later-
al cells are the same as those of other exocarp cells. 
On some areas of the surface of the fruit, plates of 
epicuticular wax were found. As shown by our pre-
vious carpological studies of representatives of the 
genus Valeriana, the type of wax formation on the 
epidermal cell surface cannot be used as an addi-
tional diagnostic character (Tsarenko et al., 2021). 
In conclusion, no significant differences were found 
in the carpological features between both subspe-
cies. Our study also confirmed that the described 
micromorphological characteristics of the fruits are 
stable and do not differ from those described by us 
(Tsarenko et al., 2021) previously for V. stolonifera 
samples from other parts of Ukraine.

Morphological differentiation of the flower of 
Valeriana stolonifera subsp. angustifolia and 
subsp. stolonifera

Inflorescence in both subspecies is corym-
bose, multiflorous, 5(10)–30  ×  5–20 cm, branches 
of inflorescence arched. Bracts 2–4  ×  0.5–0.8 mm, 
herbaceous, greenish, paired, opposite, elongated, 
lanceolate (subsp. angustifolia) to linear (subsp. sto-
lonifera), acute at the apex, slightly fused at the base, 
with dense pubescence of bristly hairs in the form 
of spots on the sides, broadly membranous at the 
edges and with single cilia (Figs 4A; 5A).

The flowers are solely hermaphrodite, 3.5–6.0 
mm long in V. stolonifera subsp. stolonifera and up 
to 5 mm in V. stolonifera subsp. angustifolia. We 
noted that the calyx has 10–12 awns on its apex that 
wrap inward, and the calyx on the surface has scat-
tered pubescence of simple hairs. The corolla is 2.5–
4.5 mm long in both subspecies, white or pale pink 
in V. stolonifera subsp. stolonifera and pinkish-lilac 
in V. stolonifera subsp. angustifolia, in both subspe-
cies glabrous, funnel-shaped, narrowed at the base. 
The corolla above its base has a thickening on one 
side, a characteristic place for the accumulation of 

nectar (Donoghue et al., 2003). Corolla is tubiform, 
with five lobes. The lobes are different in shape: 
two lobes are inverted-ovate, 0.50–0.75 × 0.50 mm, 
third — oval, 0.75–1.00 × 0.30 mm, making the co-
rolla slightly zygomorphic (Figs 4B, C; 5B, C).

Stamens three, inside the flower, opposite to 
corolla petal lobes; their filaments are thin, fila-
mentous, exceeding the corolla, up to 5 mm long; 
anthers ellipsoidal, mobile, about 0.5 mm. We re-
corded in the stamens of both subspecies of V. sto-
lonifera the presence of an ovoid projection of the 
connective over the anthers, the average length of 
which is about 0.5 mm (Figs 4D; 5D).

Ovary 1–3 mm long, oblong-ovate, flat, with one 
rib on the adaxial side and three ribs on the abax-
ial side, in V. stolonifera subsp. stolonifera densely 
pubescent with conspicuous, short bristly hairs on 
both surfaces except the ribs (Fig. 5E), whereas in 
V. stolonifera subsp. angustifolia its pubescence was 
seen on both sides and on one side of the ovary sur-
face (Fig. 4E); the column is filamentous, exceeding 
the corolla; the trifid stigma is having three prongs 
extended from the upper part of the column (Figs 
4F; 5F).

Our analysis of flower samples from both sub-
species did not reveal significant distinguishing fea-
tures between them. The differences between these 
subspecies are only in the color shades of the peri-
anth, in a slight difference in the size of the flowers; 
we also noted the presence of carpels without pu-
bescence on the abaxial side in some specimens of 
V. stolonifera subsp. angustifolia.

Conclusions

The detailed characteristics of the fruits and flowers 
of V. stolonifera subsp. stolonifera and V. stolonife-
ra subsp. angustifolia were compiled based on the 
results of a comparative morphological study using 
SEM. No significant differences were found in the 
macro- and micromorphological features of the 
plant reproductive organs examined at the subspe-
cies level. Intraspecific differentiation of V. stoloni-
fera is likely limited to the vegetative parts of plants.

However, the data obtained made it possible to 
expand the range of possible morphological charac-
teristics of fruits and flowers. Thus, the revision of 
carpological samples showed that the pubescence 
of fruits of both subspecies can be either predom-
inantly of flattened ribbon-like hairs or predomi-
nantly tubular, depending on the degree of maturity 
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of the fruit. It was also found that the papillose for-
mations revealed on the fruit surface are developed 
to varying degrees, regardless of the subspecies and, 
possibly, are due to the physiological state of the 
plant and environmental factors. It is important to 
consider these fruit features when diagnosing other 
taxa of the genus Valeriana.

For the first time, this study revealed a feature 
of the flowers of both subspecies of V. stolonifera — 
the presence of an ovoid protrusion of the connec-
tive above the anthers of the stamens.

The identified morphological characteristics of 
generative organs are additional characters that, 
along with vegetative ones, can be used for more 
accurate identification of the species, as well as in 
solving taxonomic issues of the V. officinalis com-
plex. To better understand of the taxonomic issues 
related to the infraspecific differentiation of V. sto-
lonifera, molecular studies are needed, which are in 
our plans for the future.
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Реферат. В роботі представлені результати макро- та мікроморфологічного дослідження квіток і плодів двох під-
видів Valeriana stolonifera: subsp. stolonifera та subsp. angustifolia. Вивчено зразки з територій України та Польщі. 
Описано будову квіток і плодів та визначено їхні детальні характеристики. Морфологічні структури досліджено за 
допомогою сканувальної електронної мікроскопії. Виявлено нові мікроморфологічні ознаки поверхні плодів пред-
ставників досліджуваних таксонів, відмічено особливості поверхні — зовнішніх периклінальних і антиклінальних 
стінок клітин екзокарпію, трихом і продихів. У квітках представників обох підвидів V. stolonifera наявний яйцепо-
дібний виступ в’язальця над пиляками тичинок. Суттєвих відмінностей у макро- та мікроморфологічних ознаках 
плодів і квіток між досліджуваними таксонами не виявлено. Отримані результати в комплексі з відомими ознаками 
вегетативних органів рослин можуть бути корисними як для точнішої ідентифікації підвидів V. stolonifera, так і для 
вирішення таксономічних питань у групі V. officinalis aggr.
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