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Abstract. The wide geographical distribution of willows, their rapid growth, and variability of their morphological
characteristics ensure their adaptability to various ecological conditions and a significant diversity of willow life
forms. The aim of this study is to investigate the polyvariance of the development of boreal willow species in the
European part of Russia, which belong to two ecological groups: alluvial and non-alluvial. The research was con-
ducted in the center of the European part of Russia, in its most developed regions: the Moscow, Vladimir, Nizhny Nov-
gorod, and Penza regions. The ontogenetic states of trees and shrubs were determined using conventional methods.
The ontogenesis of alluvial species was studied in 2 tree species and 5 shrub species, of non-alluvial species —in 2 tree
species and 7 shrub species. Depending on the ecological and coenotic conditions of growth, 11 life forms are
formed. The most common life forms are single-stemmed trees, epigeogenic-geoxyl, and hypogeogenic-geoxyl.
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AHHoTaums. LLinpokoe reorpaduyeckoe pacnpocTpaHeHue 1B, ObICTPbIA POCT M U3MEHYUBOCTb UX MOPO/I0rMye-
CKMX MPU3HaKOB 0HecrnevnBatoT NpUCrnoco6/1€HHOCTb K Pas/IMiHbIM 3KO/I0MMYECKUM YC/I0BUAM U 3Ha4YUTe/IbHOE pas-
Hoobpasue XunsHeHHbIX GopM uB. Llenbto paboTbl ABNAETCA U3yYeHUe MO/MBAPUAHTHOCTM Pa3BUTUA BOopeasibHbIX
BMAOB 1B EBponeiickom 4actu Poccmm, OTHOCALLMXCA K ABYM 3KO/I0rMYECKMM FPYyNnam — a/I/IlOBUA/IbHBIM U HEA/I0-
BUa/IbHbIM. Mccef0BaHMA NpoBOANAM B LieHTpe EBporneiickon Tepputopum Poccun B Hanbo/iee 0CBOEHHOM ee 4acTu —
B MOCKOBCKOW, Bragummpckoin, Huxkeropoackoit 1 MeHseHckol o61actax. OnpegesnieHne OHTOreHeTUHeCKUX COCTO-
AHWIA fepeBbeB U KYCTapHUKOB NPOBOAW/IN OBLLENPUHATLIMU MeTodamu. OHTOreHes ocobeit a//1toBUa/IbHBIX BUAOB
U3y4yeH y 2 BUAOB AEPEBbEB U 5 BUAOB KYCTapHUKOB, HEa/I/It0BUa/IbHbIX BUAOB — Y 2 BUAOB AepeBbeB M 7 BUAOB
KYCTapHMKOB. B 3aBMCMMOCTU OT 3KO/I0rO-LeHOTUYECKUX YC/I0BUI NPOM3PacTaHMA GOPMUPYETCA 11 MMU3HEHHbIX
dopm. Hambosee yacto 06pasytoTcA KU3HEHHbIE POPMbI OAHOCTBO/IbHOE AEepeBO, 3MUreoreHHO-reOKCU/IbHBIN,
TMMNOreoreHHO-TeOKCU/IbHbIN M a3POKCH/IBHBIN KYCTapHUKM.
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Introduction considerably in their biological properties [20]. The

wide geographical distribution of willows, their rapid

Willows constitute a fairly large group of plants growth and variability in morphological characteris-

and are found in Europe, Asia, America and Africa, tics ensure their adaptability to various ecological
from the tundra to the tropics [1]. They vary conditions and a significant diversity of life forms.
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According to the literature [2, 4-6, 11-13, 22] and
previous studies [14—16, 20-21], the genus Salix is
characterised by a wide range of life forms, including:
single-stemmed, few- or multi-stemmed trees of aer-
oxyl and geooxyl origin, aeroxyl and geooxyl shrubs,
dwarf shrubs, elfin, and herbaceous perennials.

In the Arctic and subarctic regions of the North-
east, the most common life form among willows is
a prostrate shrub with aerial branches and woody
epigeal rhizomes (xylorhizomes) [5, 6]; in the Ko-
lyma Highlands, cushion-like life forms predomi-
nate among willows of the subgenus Chamaetia
[10]; among willows of the Southern Urals, the
shrub life form is most common [4].

However, there is no complete information on
the polyvariance of the development of boreal
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willow species in the European part of Russia be-
longing to two ecological groups — alluvial and non-
alluvial.

Materials and methods

Field studies were conducted in the Vladimir,
Moscow, Nizhny Novgorod, and Penza regions. De-
tailed characteristics of the study region and climate
are described elsewhere [21].

To identify and characterise the ontogenetic
states of willow species, we used Rabotnov's classi-
fication [24], supplemented by Uranov [26] and
other authors. The ontogenetic states of trees and
shrubs were determined using generally accepted
methods [3, 7-9, 22, 26-28, etc.] (Table 1).

Table 1

Periodisation of the ontogenesis of trees and shrubs

The ontogenetic period The ontogenetic stage Index
1. Latent (1) Seed se
(2) Sprout p
2. Pregenerative (Elfs))l.rlrlllr\gltﬂ:e zin
(5) Virginile v
(6) Young gl
3. Generative (7) Middle-aged g2
(8) Old g3
4. Post-generative (9) Senile s

Results

The ontogeny of the alluvial group has been
studied in seven species, including two tree species
(S. alba and S. euxina) and five shrub species
(S. triandra, S. vinogradovii, S. acutifolia, S. vimi-
nalis, S. gmelinii).

The ontogenesis of non-alluvial species has been
studied in two tree species (S. caprea and S. pentan-
dra) and seven shrub species (S. cinerea, S. rosma-
rinifolia, S. aurita, S. starkeana, S. myrsinifolia,
S. myrtilloides, S. lapponum).

In adults of alluvial willow species, nine life
forms are formed: 1 — single-stemmed tree, 2 — few-
and multi-stemmed tree of aeroxyl origin, 3 — few-
and multi-stemmed tree of geoxyl origin, 4 — facul-
tative elfin, 5 — epigeogenic-geoxyl shrub, 6 — hy-
pogeogenic-geoxyl shrub, 7 — aeroxyl shrub, 8 —
sapling, 9 — facultative elfin.

In non-alluvial species of willow, nine life forms
are formed in the adult stage: 1 — single-stemmed
tree, 2 — few- and multi-stemmed trees of aeroxyl
origin, 3 — few- and multi-stemmed trees of geoxyl
origin, 4 — epigeogenic-geoxyl shrub, 5 -

hypogeogenic-geoxyl shrub, 6 —sapling, 7 — aeroxyl
shrub, 8 — low long-xylorhizous hypogeogenic-ge-
oxylous shrub, 9 — semi-aquatic long-xylorhizous
dwarf shrub. The last two life forms are not found
in alluvial willow species. The life forms — aeroxy-
lous tree-shrub and semi-aquatic long-xylorhizous
elfin, identified in non-alluvial species, are de-
scribed for the first time [14, 17-19].

The selected life forms are found in various
habitats: river banks and floodplains, the shores of
water bodies, the bottoms of wet ravines and
ditches, and also far from the riverbed on drier sub-
strates.

A detailed study of the ontogenesis of willow
species has revealed that most species exhibit mor-
phological variability in their development, result-
ing in the formation of two or more (up to four) life
forms in adulthood.

In S. lapponum and S. myrtilloides, this type of
polyvariation has not been detected, which is due to
the similar growing conditions of these species.

A total of 39 ontogenetic variants have been de-
scribed, leading to the formation of 11 life forms
(Table 2, Fig. 1).
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Table 2
Life forms of boreal willow species in the European part of Russia
Types of willows 1 > [ 3 | 4 | 5 e gorms 7 8 o [ 10 | 1
S. alba + + + +
S. euxina + + + +
S. caprea + + +
S. pentandra + + +
S. aurita + + +
S. starkeana +
S. myrsinifolia + +
S. acutifolia + + + +
S. triandra + + + +
S. viminalis + +
S. gmelinii + +
S. vinogradovii + +
S. cinerea + + +
S. rosmarinifolia + +
S. lapponum +
S. myrtilloides +
n 5 4 4 2 4 6 7 5 2 1 3
% | 11,6 9,3 9,3 4,7 9,3 14 16,2 11,6 4,7 2,3 7

Life forms 1- single—stemmed tree, 2 — few- and multi-stemmed aeroxyl tree, 3 — facultative elfin and multi—stemmed
geoxyl tree, 4 — facultative elfin, 5 — sapling, 6 — aeroxyl shrub, 7 — epigeogenic-geoxyl shrub, 8 — hypogeogenic-geoxyl
shrub, 9 — low long-stem hypogeogenic-geoxyl shrub, 10 — semiaquatic long-xylorizome elfin wood, 11 — elfin
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@ stemmed
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o
@
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Fig. 1. Life forms of willow trees and shrubs in the European part of Russia. Life forms:
1-single-stemmed tree; 2 - few- and multi-stemmed tree of aeroxyl origin;
3 - small- and multi-stemmed tree of geoxyl origin; 4 — facultative elfin; 5 — sapling;
6 — aeroxyl shrub; 7 — epigeogenic-geoxyl shrub; 8 — hypogeogenic-geoxyl shrub; 9 — low long-stem
hypogeogenic-geoxylic shrub; 10 — semi-aquatic long-xylorizome elfin wood; 11 - elfin
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Thus, the selected life forms belong to two major
types: trees (S. alba, S. euxina, S. caprea, S. pentan-
dra) and shrubs (S. cinerea, S. aurita, S. starkeana,
S. myrsinifolia, S. rosmarinifolia, S. triandra,
S. acutifolia, S. viminalis, S. gmelinii., S. vinogra-
dovii, S. myrtilloides, S. lapponum). For some spe-
cies of trees (S. alba, S. euxina) and shrubs (S. acuti-
folia, S. triandra, S. cinerea, S. viminalis), elfin life
forms are also described.

All the studied species exhibit dimensional
polyvariance, which is expressed in changes in the
size and vital state (normal and reduced vitality) of
an individual within the same ontogenetic state. In-
dividuals with normal vitality are characterized by
more powerful shoot and root systems; they deter-
mine the position of the species in the phytocenosis
and ensure the self-maintenance of the population.
Individuals with reduced vitality in each ontoge-
netic state constitute a certain reserve and serve to
maintain the territory.

Therefore, the presence of individuals with two
levels of vitality (normal and reduced) is an im-
portant adaptation mechanism in willow popula-
tions. The identified types of polyvariance in devel-
opment are caused by different phytocenotic
conditions for plants of various life forms.

The analysis of the life forms of boreal willow
species allows us to identify parallel series of life
forms of trees and shrubs in the sense of Serebry-
akov [25]: they contain single-stemmed forms —
few- and multi-stemmed aeroxyl forms — few- and
multi-stemmed geoxyl forms — elfin forms of
growth (Fig. 1).

The most common life forms are epigeogenic-
geoxyl and aeroxyl shrubs (16.2 % and 14 %), hy-
pogeogenic-geoxyl shrubs, and single-stemmed
trees (11.6 % each). Less common are the semi-
aquatic long-xylorhizome elfin shrub (2.3 %), the
facultative elfin and the low long-xylorhizome hy-
pogeogenic-geoxile shrub (4.7 % each). In total,
34 % of the trees have different life forms, while
65.1 % of the shrubs do.

The ontogenesis of individuals of the single-
stem tree life form is described in S. alba, S. euxina,
S. caprea and S. pentandra, which are found away
from river floodplains, on drier soils, and in the
presence of apical and lateral shading. These condi-
tions are not optimal for willows, so they cannot
form more than one skeletal axis due to a lack of
light and moisture. The trees grow from 17.5-18 m
(S. caprea, S. pentandra) to 22.5-25.5 m (S. alba,
S. euxina), and have a lifespan of 80 (S. euxina)
to 100 years (S. caprea, S. pentandra, S. alba).

The ontogenesis of individuals of the life form
a few- or multi-stemmed tree of aerobic origin
has been studied in S. alba, S. euxina, S. caprea
and S. pentandra. Individuals of this life form
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in S. caprea and S. pentandra are found in more
open areas (edge zones, clearings, and embank-
ments), which are characterized by significantly
lower crown density [14-16]. S. alba and S. euxina
are found in open, dry areas of river floodplains and
along the banks of water bodies. This life form is
formed in the early stages of ontogenesis (im, v) as
a result of the formation of new skeletal axes from
above-ground dormant buds. Compared to single-
stemmed trees, aeroxyl trees have a shorter height
and lifespan of the main skeletal axes.

The ontogenesis of individuals of the life form
of a few- or multi-stemmed tree of geoxile origin
has been studied in S. alba, S. euxina, S. caprea and
S. pentandra. Individuals of this life form, S. caprea
and S. pentandra, are found within the same plant
community as the life forms of aeroxile trees (on
forest edges, clearings, and embankments), but they
tend to be found in more dense areas of similar coe-
noses, characterized by significantly higher crown
density. Geoxile trees S. alba, S. euxina are found in
the same habitats as aeroxile trees (river floodplains,
water bodies), but mainly in more humid areas of
similar coenoses. This life form is formed in the
early stages of ontogenesis (im, v) as a result of the
formation of new skeletal axes from underground
dormant buds. Compared to single-stemmed trees,
geoxile trees have lower heights and shorter
lifespans of their trunks.

The ontogenesis of individuals of the life form
of the facultative elfin has been studied in the allu-
vial species S. alba, S. euxina, which grow on the
banks of large rivers. The individuals experience an-
nual flooding by high water, so all the shoots of the
formation (future skeletal axes) lie down in the di-
rection of the water flow, are covered with sand, and
take root. During the flood, the skeletal axes are
flooded with water up to a depth of 1.5 m, which
causes the formation of adventitious roots. These
roots, along with the remnants of vegetation carried
by the flood, can be observed on the trunks even in
the summer. At the point where the lateral branches
(skeletal axes) branch off from the trunk buried in
the sand, long adventitious roots develop, spreading
out in different directions (up to 2.5 m) and anchor-
ing themselves in the mobile substrate. The main
skeletal axes have a short lifespan of up to 30 years
and reach a trunk diameter of up to 25 cm. When the
skeletal axes die, new shoots develop from dormant
buds on their basal sections (at the boundary be-
tween the soil and the stem).

The ontogenesis of individuals of the sapling life
form is described in S. aurita, S. starkeana, S. myr-
sinifolia, and S. acutifolia. Individuals of non-allu-
vial species (S. aurita, S. starkeana, S. myrsinifolia)
are found on dry soils in forests with shading; indi-
viduals of the alluvial species S. acutifolia are found
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on a variety of substrates (clay, gravel), most often
within populated areas near houses. The biomorpho-
logical life form of the sapling consists of a single
main skeletal axis with a lifespan of up to 20 years
(S. aurita, S. starkeana) or 30 years (S. myrsinifolia),
reaching a height of 1.5 m (S. aurita), 2.4 m
(S. starkeana), or 6.0 m (S. myrsinifolia). The lack
of light and dryness of the substrate are environmen-
tal factors that prevent individuals of this life form
from forming more than one stem.

The ontogenesis of individuals of the aeroxy
shrub life form has been studied in S. myrsinifolia,
S. triandra, S. acutifolia, S. viminalis, S. gmelinii,
and S. vinogradovii, which are found in elevated ar-
eas of river floodplains and in drier areas with lat-
eral and apical shading. The life form of an aero-
shrub is formed in the early stages of ontogenesis
(immaturity, virginal ontogenetic state) as a result of
the formation of new stems from above-ground
dormant buds. Compared to aero-trees, aero-shrubs
have a lower total height and a shorter lifespan of
the main skeletal axes. Morphologically, the aeroxyl
bush is a system of alternating skeletal axes (up to
80) with a lifespan from 25-27 years (S. myr-
sinifolia, S. triandra, S. vinogradovii) to 30-33 years
(S. acutifolia, S. viminalis, S. gmelinii) years and
a height of 5 m (S. triandra, S. myrsinifolia), 7.0 m
(S. viminalis, S. gmelinii), 8.0 m (S. vinogradovii),
10 m (S. acutifolia).

The ontogenesis of individuals of the epige-
ogenic-geoxile shrub life form (Fig. 1) has been
studied in S. cinerea, S. rosmarinifolia, S. aurita,
S. acutifolia, S. starkeana, S. triandra, and S. vinogra-
dovii, which grow in sufficiently moist secondary
habitats on a variety of substrates: in open areas of
swampy or flooded meadows, and on forest edges
in the absence of the upper layer of vegetation. Mor-
phologically, an epigeogenic-geoxile shrub is an
above-ground system of main skeletal axes that are
subsequently drawn into the soil, forming their own
system of accessory stem roots each time. Lifespan
up to 20-25 years (S. aurita, S. rosmarinifolia,
S. starkeana), 27-30 years (S. acutifolia, S. cinerea,
S. triandra, S. vinogradovii), height 2.5-3.4 m
(S. aurita, S. rosmarinifolia, S. starkeana), 5.0-7.5 m
(8. acutifolia, S. cinerea, S. triandra, S. vinogradovii).

The ontogenesis of individuals of the hypogeo-
genic-geoxile shrub life form is described in S. ci-
nerea, S. rosmarinifolia, S. aurita, S. starkeana, and
S. triandra. Individuals of this life form grow along
sandy riverbanks on well-aerated substrates (S. ci-
nerea, S. triandra), and along forest edges with an
upper and lateral layer of vegetation (S. rosma-
rinifolia, S. aurita, S. starkeana). Morphologically,
a hypogeogenic-geoxile bush is a small number of
underground-forming main skeletal axes of approx-
imately the same age, which do not change their
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several orders, which is probably due to a lack
of light. Skeletal axes reach a height of 3.2-4.0 m
(S. aurita, S. rosmarinifolia, S. starkeana), 5.5 m
(S. cinerea), and 8.5 m (S. triandra), with a lifespan
of 25-28 years (S. aurita, S. rosmarinifolia, S. star-
keana) or 35 years (S. cinerea, S. triandra).

The ontogenesis of individuals of the low-length
xylorhizome hypogeogenic-geoxile shrub life form
is described in S. lapponum and S. myrtilloides,
which grow on the outskirts of sedge and sphagnum
bogs with an upper layer of herbaceous and woody
vegetation. Morphologically, the low-length xy-
lorhizome hypogeogenic-geoxile shrub is a small
number of main skeletal axes of approximately the
same age, which are formed on the underground xy-
lorhizome. Skeletal axes reach a height of 1.0-1.7 m,
and their lifespan is 13—15 years.

The ontogenesis of individuals of the semi-
aquatic long-xylorhizome life form has been studied
in the ashen willow, whose basal part constantly
grows in water at a depth of up to 1 m, at a short
distance from the shore (2—7 m). In plants of this life
form, the long xylorhizome is located at the bottom
of the water body, and its rooting occurs through ad-
ventitious roots that can reach up to 30—45 cm in
length. Stolons branch off from the xylorhizome,
and their ontogenesis lasts up to 15 years, growing
up to 2 m.

The ontogenesis of the elfin species of shrubs
S. acutifolia, S. triandra, and S. viminalis has been
described. This life form develops under the influ-
ence of spring floods in the floodplain banks of large
rivers. The main skeletal axis formed at the begin-
ning of ontogenesis lies in the direction of the flow
of water, and in subsequent years it becomes buried
by alluvial deposits. From this buried part, short-
lived skeletal axes of small diameter and height de-
velop. Adjunct bone axes extend from the buried part.

Conclusions

The selected life forms of the boreal willow spe-
cies are determined by ecological-biological and
morphological features: 1) great light-loving, which
contributes to the formation of the initial alluvial
species near the riverbed; 2) the lying of the trunks
under the pressure of flood water, which contributes
to the survival of the shoot system; 3) the saber-like
bending of the basal parts of the trunks, which con-
tributes to further rooting and spatial fixation of the
territory; 4) active adventitious root formation on
the lower part of the trunks and xylorhizomes.

An analysis of the ontogenesis of boreal willow
species showed that 11 life forms are formed in the
studied willow species, depending on the ecological
and coenotic conditions of growth. The selected life
forms include trees (S. alba, S. euxina, S. caprea,
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S. pentandra) and shrubs (S. cinerea, S. aurita,
S. starkeana, S. myrsinifolia, S. rosmarinifolia,
S. triandra, S. acutifolia, S. gmelinii, S. viminalis,
S. vinogradovii, S. lapponum, S. myrtilloid).

For some species of trees (S. alba, S. euxina) and
shrubs (S. triandra, S. acutifolia, S. cinerea, S. vim-
inalis), the life forms of elfin are also described.

In boreal willow species, the most common life
forms are single-stemmed trees, epigeogenic-
geoxyl shrubs, hypogeogenic-geoxyl shrubs, and
aeroxyl shrubs.

The populations of all studied willow species are
polymorphic in terms of their life forms. Among the
studied species, some alluvial species exhibit the
greatest variability, while non-alluvial species ex-
hibit the least variability.

Vol. 10 (4), 2025

The analysis of literature and own research al-
lowed to allocate parallel series of variability in
woody life forms. The studied series of life forms of
shrubs and trees contain: single-stemmed forms —
few- and multi-stemmed forms of aeroxylic and ge-
oxylic origin — stoloniferous forms of growth.
In elfin life forms, the missing link — semi-water
long-xylorizomous elfin is described.

This study details the idea of the diversity of life
forms of trees and shrubs in general and further
smoothes the difference between shrubs and trees in
the traditional view. The main differences between
trees and shrubs in the studied willow species are:
1) height and 2) age of the skeletal axes of the life
forms. At the same time, the change of trunks dur-
ing ontogenetic development may not always be

The diverse conditions of existence determine
the ontogenetic development of trees and shrubs and
lead to the formation of various life forms within the
same species.

a distinguishing feature of shrubs, as the life form
of the sapling and the hypogeogenic-geoxyl shrub
do not experience such a change of trunks during
ontogenesis.
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