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The variability of population and individual traits of
medicinal plant Valeriana officinalis L. var. officinalis
Mikan under different site conditions

Abstract

Purpose: The purpose of investigations was to evaluate the effect of flo-
ristic composition, soil moisture and pH on the variability of traits of Vale-
riana officinalis L. var. officinalis.

Materials and methods: The studies were carried out in the years 2014—
2016 in two study areas consisting of patches of community dominated by
Filipendula ulmaria with a substantial share of low- and medium-growing
perennials (Patch 1), tall-growing perennials (Patch II), as well as tall-
growing perennials and shrubs (Patch IIT).

Results: Similar tendencies were observed in both study areas. The plant
and cryprogam cover showed neither spatial nor temporal variability, while
the height of neighbouring plants, as well as the pH and moisture of soil,
augmented in subsequent patches. The lowest abundance of subpopulation
Valeriana officinalis was noted in Patch I1I. During the study period seed-
lings and juveniles were not found in any of the patches, whilst the share of
vegetative genets diminished gradually at the cost of generative individuals
and ramet clusters. The majority of individual traits (e.g. number of ramerts,
radical leaves and flowers, number and height of flowering stems) aug-
mented in successive patches, while the number of radical leaves in generative
individuals and ramet clusters, as well as the height of flowering stems and
number of flowers, additionally augmented in consecutive years.

Conclusions: The considerable share of vegetative individuals in sites
dominated by low-statured plants contributes to rejuvenation of subpopula-
tions. The clonal growth might protect all subpopulations from regression.
The substantial production and dimensions of flowering stems in vicinity of
tall-growing perennials enlarges the chances for successful pollination and

seed dispersal.

INTRODUCTION

I cultures from ancient times to the present day have used plants

as a source of medicines (Z,2). As reported by Chen et al. (3), more
than one-tenth of plant species are the chief source of active compounds
for drugs to cure diseases of man and his livestock. The majority of the
population of developing countries depends on traditional remedies in
primary health care, while many people from industrialised countries
consider traditional medicine as complementary or an alternative to
conventional therapy. The increasing demand for herbal drugs and
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natural health products throughout the world has con-
tributed to exhausting 20% of wild resources of medicinal
species (4). Another serious cause of the accelerated loss
of the natural resources of therapeutic plants is the de-
struction of their habitats. Such a phenomenon is par-
ticularly widespread in Asia, Africa, Latin America and
the Middle East, where numerous medicinal plants are
threatened primarily due to uncontrolled logging of for-
ests, as well as rapid agricultural and urban development
(5). Simultaneously, it should be pointed out that also in
Europe, secondary succession and habitat degradation has
increased the risk of extinction of numerous therapeutic
plants. According to the Anonymous (6), the best means
of conservation of medicinal species is to ensure their per-
sistence in natural habitats. Furthermore, the role of the
conservation 7 situ also has been emphasised by other
authors (7,8), who highlighted that monitoring of popu-
lations is neglected and demographic studies are still
strongly desirable.

Currently, one of medicinal taxa suffering the progres-
sive loss of populations as a result of habitat degradation
is Valeriana officinalis L. To date, the ecological investiga-
tions of the aforementioned taxon have focused on stud-
ies of the relation among yield quality and: date of sowing
(9), planting density (10,11), fertiliser application (12),
weed control methods use (/3), inoculation of roots with
bacteria strains (14,15), planting method (16), and devel-

opmental stage (17). As a result of the scarcity of studies
conducted in natural localities, the present investigations
were carried out, aimed at an evaluation of the impact of
habitat conditions on population and individual traits of
Valeriana officinalis L. var. officinalis. The specific aims
were to assess the variability of: (i) number of ramets,
number of leaves in rosettes and the length of the longest
leaf in vegetative and generative individuals and ramet
clusters, (ii) number of flowering stems in generative in-
dividuals and ramet clusters, (iii) height of the highest
flowering stem, (iv) number of flowers per generative
stem.

Study species

Common valerian (syn. Garden heliotrope) Valeriana
officinalis L. var. officinalis Mikan considered as synonym
of Valeriana officinalis (18) or Valeriana officinalis L. subsp.
officinalis (19) is a rhizomatous rosette-forming clonal
plant (20). The blade of the long-stalked rosette (basal,
radical) leaves is pinnate, lance-shaped and serrate. The
cylindrical, furrowed stems reach up to 200 cm and bear
dichasial clusters of sweetly scented pink or white flowers
developing on the branches. In Poland flowers bloom
from June to August and are frequently visited by many
fly species, especially hoverflies of the genus Eristalis. The
lanceolate-oblong achenes are wind-dispersed (21). After
a successful germination of light-demanding seeds lasting

Table 1. Zhe composition of dominant and subdominant species within permanent study plots established in Patches with considerable share by
low- and medium-growing perennials (), tall-growing perennials (II), as well as tall-growing perennials and shrubs (II1) in study areas A and
B areas. The Arabic numbers mean the cover-abundance degree visually estimated for particular species according to the Braun—Blanquet scale.

Study area A Study area B
Patch I Patch II Patch IIT Patch I Patch II Patch III
Area (m?) 700 1300 700 600 900 800
The number of species 36 27 29 38 32 25
Dominant and subdominant species
Galium uliginosum 11 - - - - -
Galium verum 11T - - - - -
Low-growing Lathyrus pratensis 111 - - - - -
herbaceous Lotus corniculatus - - - I - -
perennials Lychnis flos-cuculi I - - - - -
Mentha longifolia - - - III - -
Ranunculus acris - - - II - -
Carex gracilis - - II - - -
Deschampsia caespitosa - 11T - - - -
Epilobium hirsutum - - - III - -
Tall-growing Filipendula ulmaria 11 v v 11 v v
herbaceous Geranium palustre 11 11 111 - 11T -
perennials Lysimachia vulgaris - - III - 11T -
Lythrum salicaria - 111 - - I 111
Sanguisorba officinalis - I - - - 111
Serratula tinctoria - I - - - -
Crategus sp. - - II - - II
Shrubs Salix cinerea - - - - - II
Salix rosmarinifolia - - 11 - - II
42 Period biol, Vol 120, No 1, 2018.



The variability of traits of Valeriana officinalis L. var. officinalis Mikan

Kinga Kostrakiewicz-Gieralt

from 10-20 days and occurring usually in spring, the
seedling appears (22). The following developmental stage
might be distinguished: juvenile (individual with a rosette
of non-divided leaves), vegetative (individual with a basal
rosette with pinnate leaves), generative (individual with
at least one flowering stem created around the second year
of growth). Over the following years the rhizome grows
and the number of ramets multiplies.

Common valerian represents an Holarctic element,
euro-temperate sub-element (23); native to Europe and
parts of Asia. Individuals can grow in a variety of different
habitats ranging from water banks, through wet meadows
and low peat bogs, to moist forests (mainly alder forests).
They are also used in the treatment of hypertension and
cardiac arthythmia (24). According to Anonymous (22),
the leaves and flowers also contain some of the roots’
properties. Common valerian is listed in the European
Red List of Medicinal Plants (25), as well as in many
national Red Books and Lists (26—29).

Study area

'The investigations were carried out in the south-west-
ern part of Krakow (southern Poland) in the Kostrze dis-
trict (N 50°1°26”; E 19°50°1”) at ca. 210 m a.s.l., on the
low flood terrace of the Vistula River where the limestone
hills (Jurassic-Cretaceous) and tectonic depressions of the
Brama Krakowska gate occur. The greatest area is covered
by abandoned meadows from alliance Molinion caeruleae
Koch 1926. In its vicinity numerous plant communities
have formed, from the deciduous forests covering the
slopes of the Vistula valley, through the xerothermic cal-
careous grasslands occurring on limestone and chalk hill
slopes, to the ruderal communities appearing near build-
ings and along the edges of roads (30).
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Figure 1. 7he localities Patches with considerable share low- and
medium-growing perennials (1), tall-growing perennials (II), as
well as tall-growing perennials and shrubs (1) in study areas A
and B.
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In order to confirm the repeatability of the results, the
investigations were conducted in two study areas ca. 2 km
apart (named A and B). Each of them consisted of three
neighbouring patches of community dominated by Fi/i-
pendula ulmaria with considerable share of: low- and
medium-growing perennials (Patch I), tall-growing pe-
rennials (Patch II) and tall-growing perennials and shrubs
(Patch I11). The locality of Patches is presented in Figure 1,
whilst their detailed characteristics is given in Table 1.

MATERIAL AND METHODS
Studies of habitat conditions

In every Patch one representative, permanent study
plot (15 m x 15 m) was established and fenced. In each
plot all dominant species (with cover exceeding 25 % of
study plot) and subdominant species (with cover ranged
from 5% to 25%) were identified, while their cover-abun-
dance degree was visually estimated according to Braun-
Blanquet approach. Within each plot, 20 measuring
points were chosen and marked with plastic pegs. Four
points were placed systematically in the corners of the
permanent plots, while the remaining points were chosen
randomly. The marked points served as centres for setting
iron rims, 30 cm in diameter, used for the evaluation of
biotic (plant and cryptogam cover, height of the vascular
plants) and abiotic habitat conditions (moisture and pH
of the soil). The plant and cryptogam cover was measured
as a percentage of ground surface (706.5 cm) covered by
vascular plants and cryptogams (moss and lichens). The
average height of the neighbouring plants was received on
the basis of measurements of length (from soil level to the
top) of the lowest and highest stems (excluding Valeriana
officinalis var. officinalis) growing within the rim, using a
folding tape measure. Soil humidity and pH value was
measured using a BIOWIN soil sensor (range 1-10) in
the 5 cm deep upper soil layer. Soil humidity range: 1-3
— dry, 4-7 — moist, 8-10 — wet; pH range: 1-6 — acid,
7-10 — alkaline. The survey of the habitat conditions was
performed on 12 July 2014, 8 July 2015 and 10 July 2016.

Studies of population and individual
traits

Considering that Valeriana officinalis var. officinalis
belongs to clonal plants, the terms ‘an individual’ (genet)
and ‘ramet cluster’ were adopted as the basic demograph-
ic units. An individual is a plant originating from a zy-
gote. This term was applied to plants creating a single
ramet such as a leaf rosette or generative stem. The ramet
cluster was understood as an aggregation of ramets
formed in the course of vegetative proliferation of a genet.
Therefore, the ramet cluster might be either a genet or a
group of independent units emerging as a result of the
fragmentation of a genet or several genets.
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Table 2. 7he mean values (range) of plant and cryptogam cover, height of neighboring plants, soil reaction (pH) and moisture in permanent plots
located in Patches with considerable share of low- and medium-growing perennials (1), tall-growing perennials (II), as well as tall-growing
perennials and shrubs (I11) in study areas A and B in the years 2014—2016. Symbols of the level of statistical significance of values of the
Kruskal-Wallis H test: —not significant, *~P<0.05, **~P<0.01, ***~P<0.001.

Study area A Study area B
Year Patch Patch Patch H val Patch Patch Patch H
I i 111 VAe I i I value
96.6 98.0 98.7 . 97.1 98.2 99.0 .
gﬁ 2014 (90-100)  (90-100)  (97-100) 09 (90-100)  (90-100)  (97-100) e
]
2 97.3 99.2 99.0 " 97.8 99.0 99.1 .
g g AU (90-100)  (98-100)  (97-100) 1.6 (90-100)  (90-100)  (97-100) 06
=
7 o 98.0 99.3 99.3 g 98.5 99.4 99.3 0,00
E (95-100)  (98-100)  (97-100) : (95-100)  (98-100)  (97-100) :
~
H value 0.8 0.4 3.4 (0) A48 0.03" 0.7
— 40.4 54.2 77.2 8.1 387 47.5 84.3 9.4
o (12-67) (14-105)  (21-178) * (10-72) (13-101)  (22-183) .
8 - 42.9 58.3 79.6 8.0 42.0 51.8 90.1 13.2
L 25-69)  (14-119)  (11-178) . ©-77) (17-112)  (42-178) =
c &
2% o 45.1 61.1 84.2 9.8 453 58.4 93.6 13.6
Ct (21-72) (18-121)  (23-186) o (15-83) (21-214)  (34-186) ok
g
H value 0.9 0.3 0.7 1.3m 2.7 1.6
. 5.8 8.2 7.8 347 5.6 8.1 7.8 36.9
(3-7) (7-9) (5-9) o (3-7) (7-9) (5-9) e
(o]
= e 5.9 8.3 7.9 32.2 5.8 8.2 7.9 35.8
g (3-7) (7-9) (5-9) o (4-7) (7-9) (5-9) o
& 2016 6.3 8.3 8.2 35.0 6.0 8.3 8.0 35.0
. (5-7) (8-9) (7-9) 3-7) (7-9) (5-9)
H value 2.4 0.6 110 1.4 0.9 1.3m
- 6.5 8.0 8.1 33.1 6.8 8.3 7.6 40.7
o) (6-7) (7-9) (7-9) o (6-7) (8-9) (7-8) o
o,
= 2015 6.4 8.3 8.2 40.7 6.9 8.5 7.7 37.3
2 (6-7) (8-9) (7-9) (6-8) (8-9) (7-8)
LI 68 8.2 8.0 27.2 73 8.5 7.9 244
3 (6-8) (7-9) (7-9) (6-8) (8-9) (7-9)
H value 3.4 3.6 0.6™ 6.9 1.70 2.8m

In 2014, the abundance of individuals and ramet clus-
ters of Valeriana officinalis var. officinalis was studied in
all the study patches. In the years 2014-2016, the number
of individuals and ramet clusters were inventoried and
labelled with plastic pegs in the permanent plots measur-
ing 100m?. The following traits were investigated in the
marked individuals and ramet clusters: (i) the number of
leaves per rosette and total length of petiole and blade of
the longest leaf; (ii) the number of flowering stems; (iii)
the height of all the flowering stems (from ground level
to basis of inflorescence); and (iv) the estimated number
of flowers per flowering stem calculated by multiplication
of the number of flowers recorded on an average branch
by the number of branches in inflorescence.

44

Statistical analysis

The normal distribution of each group of the untrans-
formed data (from a particular Patch and year) was tested
using the Kolmogorov-Smirnov test, while homogeneity
of variance was tested using the Levene test at the sig-
nificance level of P<0.05. As the values in some groups
were not consistent with normal distribution, and the
variance was not homogeneous, the analysis was based
mainly on non-parametric tests. The Kruskal-Wallis H
test was applied to check whether there were any signifi-
cant differences among the patches located within each
study area and among consecutive years in: (i) plant and
cryptogam cover, height of standing vegetation, soil hu-
midity and soil pH; (ii) number of aboveground units in

Period biol, Vol 120, No 1, 2018.
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individuals/ramet clusters; (iii) number of radical leaves
in individuals and ramet clusters; (iv) the length of the
longest radical leaf; (v) the number of flowering stems in
the generative individuals and ramet clusters, (vi) the
height of the flowering stems; and (vii) the number of
flowers. The aforementioned analyses were performed us-
ing the STATISTICA 12 software package. The interac-
tive chi square test calculator (31) was applied to check
whether there were significant differences among the
patches and years regarding the share of vegetative and
generative individuals and ramet clusters.

RESULTS

Habitat conditions

The plant and cryptogam cover did not differ among
the patches within each study area, as well as among con-
secutive years. The height of the neighbouring plants, soil

reaction and soil moisture did not show temporal vari-
ability, while they presented spatial diversity and aug-
mented from Patch I, via Patch II, to Patch III (Table 2).

Population traits

In the study area A the total abundance of populations
of Valeriana officinalis var. officinalis occurring in subse-
quent patches reached 143, 172 and 118, respectively,
whereas in the study area B it achieved 152, 193 and 107.
The constant abundance of individuals and ramet clusters
within study plots during the whole study period reached
46, 49 and 16 in successive patches located within study
area A, and respectively 37, 38 and 21 in study area B.
Seedlings and juveniles were not found within both study
areas, the share of vegetative individuals diminished,
while the percentage of generative individuals and ramet
clusters augmented gradually in successive patches and in
consecutive years (Figure 2).

Study area A
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54 3***

2016. .
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Figure 2. 7he share of vegetative (white) and generative (grey) individuals and ramet clusters of Valeriana officinalis var. officinalis occurring
in permanent plots located in Patches dominated by low- and medium-growing perennials (1), tall-growing perennials (II), as well as tall-
growing perennials and shrubs (II1) in study areas A and B in the years 2014-2016. Symbols mean the level of statistical significance (the y°
test): *~P<0.05, **~P<0.01, **~P<0.001; the not significant values were omitted. The values in frames mean the differences among Patches
in particular study area, while underlined values mean the differences among consecutive years.

Period biol, Vol 120, No 1, 2018.
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Table 3. Zhe mean values (range) of number of leaves in rosettes and length (cm) of the longest rosette leaf in vegetative individuals of Valeriana
officinalis var. officinalis occurring in permanent plots located in Patches with considerable share of low— and medium-growing perennials
(D), tall-growing perennials (II), as well as tall-growing perennials and shrubs (II1) in study areas A and B in the years 2014—2016. The meaning
of symbols of the level of statistical significance (the Mann-Whitney U test, the Kruskal-Wallis H test) as in Table 2.

Study area A U test Study area B H test
Trait Year
Patch [ Patch II Patch 111 Patch [ Patch II Patch II1
45 7.5 . 5.0 9.2 8.6 .
24 (1-10) (1-15) - = (1-10) (3-15) (6-12) L5
Number of 5.4 Dall - 59 8.6 10.0 N
Jeaves e (2-10) (3-20) - 2t/ (2-10) (5-12) (8-11) 2
7.5 10.1 . 63 8.6 6.3 N
2L 2-13)  (10-22) - 1.5 (1-12) (5-12) (4-8) &7
Tl e 4.8m 5.6 3.90 410 6.7m
323 36.1 R 347 408 446 N
014 74 (16-52) - L5 (17-52)  (@7-51)  (39-51) a2
The length of
theeloelzlggetst S s Sl 25 - _1.63" o7 (S0 AL 3.0
e (14-45)  (18-55) (19-51)  (35-51)  (32-48)
31.8 418 . 37.0 44.4 36.8 5
2016 1646 (33-56) - 1 22-49)  (37-51)  (32-44) o
Tt 0.4 127 0.4 1.6 3.3m

Table 4. The mean values (range) of number of ramets, number of leaves in rosettes and length (cm) of the longest rosette leaf in in generative
individuals and ramet clusters of Valeriana officinalis var. officinalis occurring in permanent plots located in Patches with considerable share
of low- and medinm-growing perennials (1), tall-growing perennials (I1), as well as tall-growing perennials and shrubs (II1) in study areas A
and B in the years 2014-2016. The meaning of symbols of the level of statistical significance (the Kruskal-Wallis H test) as in Table 2.

Study area A H test Study area B H test
Trait Year
Patch [ Patch I1 Patch 111 Patch [ Patch II Patch 111
2.0 25 2.7 . 18 2.5 2.9
2014 (1-3) (1-4) (1-5) 76 (1-3) (1-4) o4
Number 2.3 2.8 3.0 . 1.9 2.5 2.7 ok
of ramets A0 (1-4) (2-4) (2-5) 7 (1-3) (1-4) (2-3) 2
24 26 3.3 . 21 24 2.8 .
2016 (2-5) @-5) (2-4) 79 (1-4) (1-4) (1-4) ’9
181 s 4.9 0.6™ 41m 0.4 0.6™ 0.5
52 8.4 45 . 44 7.5 6.8 .
A (1-15) (2-18) (1-12) G (1-11) (2-14) (2-11) 62
Number 6.0 9.7 5.8 . 3.4 8.7 9.0
of leaves 205 (1-16) (1-22)  (3-13) 2 2-10)  (2-16) (5-13 28
7.1 10.9 8.4 . 55 8.6 8.5 »
AL (1-18) (3-23) (2-15) 10 (2-12) (2-12) (4-12) R
T o 5.9 4.8 11.0%* 3.8m 400 5.6+
38.6 48.6 53.4 . 313 440 49.0 i
AU 24-60)  (36-66)  (17-68) 10. (24-53)  (23-66)  (17-68) 62
Z?fhlj‘ff;hest 5015 39.1 51.2 55.4 L6 35.5 45.0 47.2 -
o (24-63)  (32-58)  (39-64) : (24-48)  (26-56)  (23-60) :
£33 432 58.6 424 437 482 "
2l (24-63)  (35-60)  (42-64) 9 (22-51)  (28-69)  (20-58) 1
1ol s 5 4m 530 4.7ms 6.0 0.77 3.7m
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Individual traits

In both study areas similar tendencies were observed.
All vegetative individuals created one ramet (rosette of
leaves) during the whole study period. The number of
basal leaves did not show temporal variability, but it pre-
sented remarkable spatial variability, achieving much
lower values in Patch I, than in Patch II and Patch IIL
The length of the longest leaf did not show any spatial or
temporal variability (Table 3).

The number of ramets in generative individuals and
ramet clusters was similar in consecutive years, whereas it
differed substantially among the patches and augmented
from Patch I, via Patch II, to Patch III (Table 4). In all the
subpopulations during the whole study period, the gen-
erative individuals and ramet clusters created solely one
leaf rosette. The greatest number of radical leaves was
observed in Patch II or in Patch III. Furthermore, in Patch
111 the gradual temporal increase of the number of rosette
leaves was observed (Table 4). The length of the longest
radical leaf (Table 4), number of flowering stems (Table
5), height of the longest flowering stems (Table 5) and the

number of flowers (Table 5) reached substantially lower

values in Patch I than in the other patches. Moreover, the
two latter traits showed a remarkable temporal variability
in Patch III.

DISCUSSION

The observed lack of temporal changes of the investi-
gated habitat conditions might be caused by the short
study period. The similar, substantial plant and crypto-
gam cover within all the studied patches within both
study areas might be an effect of an abundant occurrence
of successfully spreading clonal species (32, and literature
cited therein), as well as the lack of animal- or man-made
disturbances to the continuous plant canopy such as tram-
pling, grazing, browsing, wallowing, raking and many
others (cf. 33). Of note is the full plant cover also observed
in other communities belonging to the Molinietalia order,
namely abandoned meadows representing different stages
of the secondary succession and various floristic composi-
tion classified to the alliance Calthion palustris Tx. 1937
(34) and Molinion caeruleae Koch 1926 (35).

The observed much lower height of neighbouring
plants in Patch I than in the other ones is linked to the

Table 5. 7he mean values (range) of number of flowering stems, height (cm) of the longest flowering stems and estimated number of flowers cre-
ated per generative individuals and ramet clusters of Valeriana officinalis var. officinalis occurring in permanent plots located in Patches with
considerable share of low- and medium-growing perennials (1), tall-growing perennials (II), as well as tall-growing perennials and shrubs (I111)
in study areas A and B in the years 2014—2016. The meaning of symbols of the level of statistical significance (the Kruskal-Wallis H test) as in

Table 2.
Study area A H test Study area B H test
Trait Year
Patch I Patch II Patch III Patch I Patch II Patch III
12 17 14 8.4 1.1 1.6 1.9 »
W1y (1-3) (1-8) (1-2) (1-3) (1-3) 13:6
Number 13 28 2.0 78 12 17 18 »
ofstems 2P (123 (2-8) (1-4) (1-2) (1-3) (1-3) 108
14 1.6 23 X 1.3 15 1.9 ”
2016 (1-4) (1-3) (1-3) 15.1 (1-3) (1-2) (1-4) 27.6
H test 2.7ms 3.8 3.9 3.7ms 1.5 0.5
89.8 108.7 103.4 iz 83.3 108.7 104.1 o
004 oo 103) 87132 80132 20 (57-100)  (84-136)  (80-133)  °2©
Length
90.9 111.2 109.4 e 83.7 110.6 100.8 o
ofthelon- 2015 ) 112)  @7-130)  (87-129) 423 (71-100)  (80-227)  (75-126) ‘04
gest stem
94.4 114.7 111.4 " 88.4 118.9 112.8
016 oo 112)  (s-142)  (83-142) 468 (75-108)  (76-132)  (78-142) 08
- 4.8 3.0m 8.3* 1.9 3.6m 4.9+
199.1 382.9 260.7 " 190.6 382.4 328.7 -
2014 60460)  (140-860)  (60-890) 73 (40-380)  (190-780) (120-1000) /3
Number
2116 383.8 301.6 " 2183 375.9 341.4 "
;ﬁ Howers 2015 (Go460)  (220-860)  (80-1000) 7 (60-490)  (190-780) (120-780) o4
241.4 360.0 313.9 . 222.8 370.0 432.7 "
2016 150-780)  (150-740)  (60-1000) > (60-560)  (180-780)  (60-780) >
TSl 2,50 5.3m 27.9° 6.9 1.0 4117
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character of the species prevailing in the plant canopy.
The augmentation of the mean height of standing vegeta-
tion in respect of different dominants was already found
in meadows from the alliance Molinion (36—38).

Previous observations have shown that communities
with domination of Filipendula ulmaria might develop
on soil with moderate humidity (39), as well as in highly
silty soils (40). The presented studies also proved the sub-
stantial variability of ground moisture among the patches
within both study area (5.6—6.3 in Patch I, 8.1-8.3 in
Patch I and 7.8—8.2 in Patch III), which might be shaped
by the architecture of the plants existing in the standing
vegetation. The tall-growing macroforbs (i.e. Filipendula
ulmaria, Lythrum salicaria), large-tussock grasses (e.g. De-
schampsia caespitosa) and shrubs such as Salix cinerea and
Salix rosmarionofolia, occurring abundantly in Patches IT
and III might contribute to an increase of soil moisture
through the creation of numerous stems, with the dense
leaf canopy limiting water evaporation and/or production
of substantial amount of litter leading to water retention.
Such a scenario was already found in abandoned meadows

from the alliance Molinion (41).

The performed studies, showing much lower values of
soil pH in Patch I than in Patches IT and III, seem to cor-
respond with the findings of Haynes (42), who found that
the occurrence of leguminous crops in standing vegeta-
tion might contribute to a decrease of soil pH. The per-
formed investigations are in contrast to the observations
of other authors (43,44) demonstrating the decrease of
soil reaction in the course of succession in abandoned
meadows. A similar phenomenon was also recorded in
experimentally fenced, non-grazed meadows (45) and
grasslands (46). According to Singh and Gupta (47), the
decrease of soil pH beneath the litter is caused by the
carbonic and weak organic acids liberated as an effect of
decomposition of necromass and soil organic matter.

The similar patterns of trait variability among the
study patches situated in both study areas indicate the
repeatability of the observed scenarios. The observed
greater abundance of Valeriana officinalis var. officinalis
populations in patches dominated by low- and medium-
statured species might suggest the former occurrence of
safe sites for seedling recruitment. Such a scenario was
observed by Alyemeni, Sher (48) in populations of Vale-
riana jatamansi, in which the abundance augments in
more grazed and trampled areas near a temporary shep-
herd’s hut and on areas with cattle dung manure.

The lack of individuals in pre-reproductive stages and
the increasing share of generative individuals and ramet
clusters at the expense of vegetative genets in consecutive
study sites and in subsequent years observed in subpopu-
lations of Valeriana officinalis var. officinalis, was also no-
ticed in several other species inhabiting humid and wet
meadows in the course of secondary succession. Such a
phenomenon was observed in populations of Carex cespitosa
(49), Gentiana pneumonanthe (50-52), Succisa pratensis
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(37) and Gladiolus imbricatus (36). A comparison of the
structure of the developmental stages of V. officinals in
consecutive years suggests that vegetative individuals
might retard maturation. Such a phenomenon is named
“Oskar syndrome” (53), triggered by unfavourable site
conditions, was observed in several tree species, in which
seedlings delay the production of branches, flowers and
seed until the canopy becomes open due to death of oth-
er trees. This delay of maturation was also noticed in her-
baceous species inhabiting meadows in the course of suc-
cession, such as Cirsium palustre (54).

The performed observations support the findings of
Ford (55), who reported that the surrounding environ-
ment shapes the architecture of an individual. The lower
dimensions of leaf rosettes of V. officinalis var. officinalis
noted in sites dominated by low- and medium-statured
perennials than in places prevailed by tall-growing species
correspond with the investigations conducted in popula-
tions of other congeners. Rather et al. (56), as well as
Mukherjee and Chakraborty (57) argued that in forests
with dense plant canopy, individuals of V. jatamansi cre-
ate larger radical leaves than plants growing under open
sunny conditions on rocky slopes.

The observed greater number of ramets per cluster in
sites overgrown by tall-growing perennials and shrubs
might be the result of successful vegetative growth. The
effective multiplication of the aboveground units and en-
largement of underground organs, despite the proximity
of strong competitors, was found in populations of nu-
merous macroforbs such as Cirsium oleraceum and C.
rivulare (58), Filipendula ulmaria (59—61), as well as
Lythrum salicaria (61). The aforementioned authors em-
phasise that the effective vegetative growth contributes to
the persistence of populations in a colonised site.

The obtained results proving that the number and
length of flowering stems, as well as the number of flowers
augments in subsequent study sites, is in contrast to previ-
ous findings (13), proving that number of flowering stems
in Valeriana officinalis var. officinalis augments with di-
minishing plant density. On the other hand, Rather et al.
(56) added that in shady dense habitats, individuals of V.

Jjatamansi create longer flowering stems.

The observed substantial rise in the number of rosette
leaves, height of flowering stems and number of flowers
in generative individuals and ramet clusters in consecutive
years, recorded mostly in Patch III, might be a response
to augmenting competitive pressure of tall-growing plants
occurring in close vicinity. The temporal differences of
individual traits especially within sites in advanced sec-
ondary succession level were also observed in populations
of Succisa pratensis (38).

CONCLUSIONS

In light of the performed studies, it can be stated that
despite the advanced signs of senescence found in all the
studied subpopulations of Valeriana officinalis var. offici-
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nalis, their condition seems to be satisfactory. The sub-
stantial share of vegetative individuals in sites dominated
by low- or medium-statured plants increases the chances
for the maintenance of subpopulations in occupied sites.
Moreover, the vegetative growth enables the spreading
and protection from regression from the colonised loca-
tions, especially those overgrown by strong competitors.
Furthermore, the substantial dimensions of the flowering
stems and the considerable flower production noted in
places dominated by tall-growing perennials and shrubs
might contribute to successful pollination and, in conse-
quence, to the production of seeds that might also be
dispersed into safe sites for seedling recruitment such as

gaps (62) or nurse plants (63).
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