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Aim. To compare the eco-trophic structure of soil nematode communities in the ecosystems of the eu-meso-
phytic meadows in plots non-invaded and invaded by Solidago canadensis L. Methods. Soil samples from the
rhizosphere of native meadow plants and those with S. canadensis were collected in September 2021 in two
meadow ecosystems located on the outskirts of the villages Shostovytsia and Ladinka of the Chernihiv region.
The nematodes were extracted by a modified Baermann’s method from the 20 g samples. The exposure time
was 48 h. The extracted nematodes were fixed in the triecthanolamine—formalin (TAF, 2 % triethanolamine, 7 %
formaldehyde solution, 91 % water), and mounted on the temporary hydroglyceric slides. The nematode abun-
dance was expressed as specimens per 100 g of dry soil. The following parameters were analysed: abundance,
taxonomic composition, dominance, trophic structure of soil nematode communities. The taxonomic wealth index,
Menbhinick’s, Berger—Parker indexes, Jaccarda’s index of similarity, and the maturity index were also calculated.
Results. The average abundance of nematodes in the soil nematode communities was 1,075 individuals/100 g in
the rhizosphere of native meadow plants and 636 individuals/100 g in the rhizosphere of S. canadensis. A total
of 52 species were identified in the soil of meadow ecosystems: 44 — in the non-invaded plots and 29 — in
the invaded plots; Menhinick’s diversity index was 1.34 and 1.15, respectively. The taxonomic wealth index of
nematode communities in the rhizosphere of native plants was also higher — ST=116; in the rhizosphere of Ca-
nadian goldenrod — ST=84. Such families as Tylenchidae, Cephalobidae, Tylencholaimidae and Panagrolaimidae
were more numerous in the soil samples of the native meadow plants (25 %, 18.4%, 12.9 %, 10.3 % of the total
number, respectively). Paratylenchidae, Tylenchidae, Cephalobidae and Aphelenchidae were more numerous
in the plots with S. canadensis (37.1 %, 15.1%, 14.3 %, 10.1 %, respectively). The taxonomic wealth index was
higher in non-invaded plots (2.98) than those, invaded by Canadian goldenrod (2.75). The bacterivores and fun-
givores predominated quantitatively in nematode communities in the rhizosphere of native meadow plants. The
proportion in the community amounted to 76.4 %. The plant parasites and fungivores were the most numerous
in the plots with S. canadensis. The abundance of nematodes in other tropic groups were limited or not affected.
Conclusions. It was determined that the species wealth and abundance, the taxonomic and trophic diversity of
soil nematode communities were lower in the plots with the invasion by Canadian goldenrod. The abundance of
plant parasites was higher (2.3 times); the ratio of fungivores to bacterivores was also higher in the invaded plots
(1.2 times). The maturity index was lower in the invaded plots compared to the non-invaded ones (2.1 and 2.4)
which demonstrates a more disturbed environmental conditions in the plots of the meadow with the invasion of
the S. canadensis. The studies emphasize the need to monitor invasive species and develop strategies for their
control in order to preserve soil biodiversity and support sustainable grassland management.
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INTRODUCTION

Invasions of adventive plants are among the most
relevant threats to biological biodiversity (Protopo-
pova et al., 2002; EPPO, 2024). The European and
Mediterranean Plant Protection Organization (EPPO)
recommends control measures regarding such plants
due to their high potential to disrupt ecosystems,
change the composition and structure of phytoceno-
ses, and replace ecosystem services (EPPO, 2024).
In 2004, the list of invasive foreign plants of EPPO
was added two species of Solidago L. genus — S. ca-
nadensis L. (Canadian goldenrod) and S. gigantea
Aiton (tall goldenrod). According to our observa-
tions, initiated in 2005, in Ukraine, S. gigantea is
sometimes as common as a wild plant. It has not
been mentioned in the list of foreign plants that have
actively spread in Ukraine in the 19"-215t centuries
(Zavialova et al., 2021). As for S. canadensis, this
invasive plant is common in Ukraine; it quickly estab-
lishes itself in meadows, pastures, reclaimed marshes,
wastelands, forests, forest glades, clearings, fallow
lands, and along roads (Zavialova, 2017). S. cana-
densis contains compounds that can change soil struc-
ture and its nutrients and thus affect the growth, ger-
mination, and survival of local species (Poljuha et al.,
2024). Goldenrods are stable regardless of the rate
of soil humidity, illumination, the content of nutri-
ents, temperature, and pH of the soil (Jakobs et al.,
2004). These plants produce a large amount of bio-
mass, decrease the pH of soil and the number of soil
bacteria, and increase the C: N ratio (Chapuis-Lardy
et al., 2006; Scharfy et al., 2010; Bobul’ska et al.,
2019; Jakubcsikova et al., 2023). It may affect not
only the phytodiversity but the biodiversity of the
ecosystems in general.

The problem of the impact of invasive plants on
the soil biota structure has attracted considerable
attention in recent times. It was reported that under
the impact of S. gigantea, observable changes have
occurred within Collembola accumulations and their
density in some parts of riparian wet meadows in
Poland (Sterzynska et al., 2017). In wet meadows,
located in southern-eastern suburbs of Krakow, a
negative impact on the species wealth and composi-
tion of genus Myrmica was noted in the parts with
goldenrods (S. canadensis and S. gigantea) (Kajzer-
Bonk et al., 2016; Trigos-Peral et al., 2018). There
was a noted decrease in the taxonomic wealth of
Carabidae in the meadow fields, which were invaded
by goldenrods (S. canadensis and S. gigantea) (Ba-
ranova et al., 2014).
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The most numerous group of soil microfauna is
comprised of nematodes, which occupy all the trophic
levels in the food network of soil (De Ruiter et al.,
2005; Ferris, 2010). Due to a large number, diversity,
and sensitivity to changes in the environment, nema-
tode communities are considered to be valuable indi-
cators of soil ecosystem state (Bongers, 1990; Neher,
2001; Yeates, 2003; Lu et al., 2020; Du Preez et al.,
2022). The studies, conducted in natural conditions,
demonstrated that the invasion of S. canadensis and
S. gigantea was changing the structure of the commu-
nities of soil nematodes. Xiangqi et al. (2011) found
that, first of all, the invasion of S. canadensis affected
the trophic diversity of soil nematodes and the ratio
of trophic groups. Quist et al. (2014) noted that under
the impact of S. gigantea, there was an increase in
the density of soil nematodes from Aphelenchoididae
family. Cerevkova et al. (2019b) demonstrated that
S. gigantea decreased the species diversity of nema-
todes in both meadow and forest ecosystems and in-
creased the number of plant parasitic nematodes.

S. canadensis is among a few invasive species,
which are believed to be both a threat to biodiversity
and to potential producers of economic and ecosys-
tem services. For instance, in the late phase after the
Chornobyl accident, in order to obtain products with
standardized content of heavy metals and radionuc-
lides, it is possible to use S. canadensis as a honey
resource of meadow ecosystems of Polissia invaded
with this species (Lukash et al., 2021). Poljuha et al.
(2024) consider the invasive specificities of S. cana-
densis and highlight the chemical characteristics and
potential of this species for ecosystem services. In
our opinion, the objective evaluation of the use of
S. canadensis in bioeconomy should consider the
entire spectrum of the effects of S. canadensis on
ecosystems, including the eco-trophic structure of
soil nematode communities.

S. canadensis, as an invasive species, is widely
common in Ukraine: it is present in Polissia, the Fo-
rest-Steppe, Prykarpattia, and Zakarpattia. The inva-
sions of this species change the structure of communi-
ties of the class of Molinio-Arrhenatheretea Tx. 1937
completely, causing a reduction in the meadow area
(Zavialova et al., 2021). True mesophytic meadows
(union of Arrhenatherion elatioris Luquet 1926),
which belong to the class of Molinio-Arrhenatheretea
Tx, are not just the feeding foundation for the field
and meadow-pasture feed production, they also play
a relevant role in preserving the habitat of many plant
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and animal species (Myklestad and Setersdal, 2004).
In terms of composition and structure, the true meso-
phytic meadows in the Chernihiv region without the
invasion of S. canadensis are communities of the
union of Arrhenatherion elatioris, typical for Ukraine
(Kuzemko, 2019). The mesophytic riparian meadows,
invaded by S. canadensis, represent the stage of tran-
sit community formation (Danko et al., 2021).

One of the tasks of meadow formation is to in-
crease the performance of natural fodder fields, their
rational use, and improvement. This task cannot be
solved without considering many factors, including
determining the role of pedobionts. Nematodes are
an integral component of microfauna, as are their
numbers and biomass. They are involved in main-
taining the circulation of nutrients and regulating
the amount of soil microflora; phytoparasitic species
may cause a decrease in meadow productivity. Soil
nematode communities are sensitive to any changes,
including the invasion of invasive plant species into
the meadow ecosystems.

The impact of the invasive species, S. canadensis,
on the structure of soil nematode fauna in Ukraine
has not been studied sufficiently enough.

The aim of the study was to compare the ecotrophic
structure of soil nematode communities in the eco-
systems of mesophytic meadows in the non-invaded
parts and in the ones invaded by S. canadensis, in the
context of determining one of the factors, affecting
the productivity of fodder meadows.

MATERIALS AND METHODS

The study was conducted on September 5 and 24,
2021, in two meadow ecosystems, located near the
villages of Shestovytsia and Ladynka, the Chernihiv
region. Both ecosystems had even landscapes. The
soil in the investigated land plots was turf-medium
podzolic, light clay. The soil was defined using the
“Field Guide for Soils” (Polupan et al., 1981). The
horizon (Ho) was presented with turf, it was 3—5 cm
deep, the humus-eluvial horizon (HE) was 5-25 cm,
of gray color and lumpy structure, and pierced with
the roots of plants. The true mesophytic meadows
were formed in both fields. The phytocenoses of
the studied ecosystems belong to the association of
Festucetum pratensis So6 1938. Twenty-nine plant
species take part in the formation of standing grass,
which accounts for approximately 95 % of the total.
The dominating species are Lolium pratense (Huds.)
Darbysh. (35 %), Alopecurus pratensis L. (30 %) and

48 AGRICULTURAL SCIENCE AND PRACTICE Vol. 12 No. 1

Agrostis capillaris L. (25%). In the areas with 6-year-
old invasions, S. canadensis covers about 20 % and is
sometimes found in flowerbeds of 100—200 productive
plants per one sq. m (Fig.1) (Danko et al., 2021).

Three experimental plots (10 x 10 m) were selected
in the ecosystems. At each test site, 10 point (indi-
vidual) soil samples were taken at a depth of 20 cm
in the rhizosphere of natural meadow plants and
in the rhizosphere of S. canadensis, with a volume
of 200-300 g. After thorough mixing, two average
samples of 300-500 g were formed. Soil was placed
into plastic bags and delivered to the laboratory. The
acidity of the soil solution in the experimental plots
was determined using the portable pH-meter, ADWA
AD12 (Hungary). In terms of acidity, these soils were
mostly close to the neutral ones, pH 5.5-6.1. The
humus content was 1.77 % on average (Yatsuk et
Lishchuk, 2014).

The nematodes were isolated on the following day,
using the common Baermann funnel technique and
the weighed quantity of 20 g in two repeats. The
exposure lasted 48 h, after which nematodes were
fixed with TAF (triethanolamine + formalin + water
in the 2:7:91 ratio) (Courtney et al., 1955). Tempo-
rary water-glycerine micropreparations were made.
The nematodes were counted in the sample under
the MBS-1 microscope. If the sample contained less
than 100 nematodes, all of them were transferred to
the specimen slide into the drop of water-glycerine
mixture with the blue using the preparation needle.
If the samples contained over 100 nematodes, 100
of them were taken, others were counted (Southey,
1986). The species composition of nematodes was
determined using the guides (Goodey, 1963; Jairaj-

Fig. 1. The plot of mesophytic meadow with the invasion
of Solidago canadensis L.
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puri and Ahmad, 1992; Siddiqi, 2000). The biologi-
cal microscope Delta Optical Genetic Pro was used
(Poland). The number of nematodes was calculated
as per 100 g of absolutely dry soil.

The number of nematodes (N) and the total num-
ber of species (S) were determined. The taxonomic
wealth (ST) was evaluated as the sum of taxa of the
communities (Emelyanov et al., 1999). The analysis
of the species diversity involved the Menhinick index
M=S/ VN ). To characterize the structure of nematode
fauna, we calculated the domination coefficient (the
share of involvement) of each species in the fauna
composition (D) as a ratio (%) between the number
of representatives of this species and the total num-
ber of nematodes. According to this trait, nematodes
were united into five groups: eudominant (ed) — over
10% from all the detected ones, dominant (d) — 5.1—
10.0 %, subdominant (sd) — (2.1-5.0%), recedent
(r) — 1.1-2.0 %, subrecedent (sr) — below 1.1 %
(Tischler, 1949). The relative significance of the most
abundant species was calculated by the Berger-Parker
index: d=1/(N,.«/N), where N,.. — the number of
nematodes of the most abundant species (Berger
et al., 1970). The similarity coefficient of Jaccarda
was determined by the formula: J=c/a+b—c, where
a and b — the number of species in the compared
communities; ¢ — the number of common species.

Soil nematodes were divided into five trophic
groups: bacterivores, fungivores, plant parasites,
predators, and omnivores (Wasilewska, 1971; Yeates
et al., 1993; Wasilewska, 1997; McSorley and Frede-
rick, 1999). The index of trophic diversity was used:

Td=1/Zp?, where p; — relative number of the trophic
group i in the community (Yeates and Bongers, 1999);
the ratio between the number of fungivores and bac-
terivores f/ b in the communities, where f— the rela-
tive number of fungivores; b — the relative number
of bacterivores (Ruess, 2003). A relevant index to
characterize fauna is the Bongers’ maturity index for
nematode communities: MI=Xv(7)- A7), where v(i) —
the c-p value for the taxon 7, and f{i) — the taxon
share in the sampling (Bongers, 1999). According
to the life strategy, the author arranged nematode
species within the five-point scale. Typical coloni-
zers, i.e. species with short life cycles, are capable
of rapid population increase, resistant to unfavorable
environmental conditions, and their c-p value on the
scale is 1. Typical persistent ones have low reproduc-
tion ability and a long life cycle; they are sensitive
to environmental conditions and located on the c-p
scale with an index value of 5.

The statistical analysis involved the Statistica 13.3
package (TIBCO Software, Palo Alto, CA, the USA),
the results were expressed as the average value +
standard deviation. The significance of differen-
ces between variants was evaluated using Student’s
t-test.

RESULTS

The average number and species wealth of soil
nematodes were different (Table 1). In the rhizosphere
of natural meadow plants, the number of nematodes
in 100 g of soil was 1,075+163, and in the rhizosphere
of Canadian goldenrod — 636+146. A total of 52 spe-

Table 1. The taxonomic diversity of soil nematodes in meadow ecosystems with the invasion of Solidago canadensis

(Sc) and without the invasion (K)

Characteristics K Sc Significance, Student’s 7-test
Species 44 £ 16 29 + 14 *
Genus 39+ 11 27+ 12 ok
Families 25+4 21+£3 —
Orders 8 7 —
Abundance in ind./100 g of soil 1075 + 163 636 + 146 *E
ST (taxonomic wealth index) 116 £ 25 84 £ 18 *E
M (Menhinick’s diversity index) 1.34 £0.10 1.15+£0.15 *
d (Berger-Parker diversity index) 4.5 +£0.58 2.7+0.33 *

* P<0.05; ** P<0.01.
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cies were registered: 44 species in the non-invaded
plots, and 29 in the plots with goldenrod.

The taxonomic wealth of nematode communities
was found to be lower in the rhizosphere of Canadian
goldenrod (ST=284). In general, their diversity in the
invaded plots decreased, and the dominance index
increased, which was confirmed by the values of Men-
hinick’s and Berger-Parker diversity indexes.

Nineteen species were common for the compared
nematode communities. The Jaccarda similarity index
was 0.4. Eight species were noted only in the soil
of the plots, invaded by S. canadensis: T. mirabilis,
E. filiformis, C. symmetricus, P. pseudoparietinus,
T. arcuatus, B. thylactus, D. dipsaci, Macropostho-
nia sp.

In terms of species diversity, three orders were
presented more abundantly in the soil of the meadow
ecosystem: Tylenchida, Rhabditida, and Dorylaimida
(Fig. 2).

The rhizosphere of goldenrod contained 12 spe-
cies from Tylenchida order (41.4 % of the total spe-
cies list), Rhabditida — 7 species (24.1 %), Dory-
laimida — 5 species (17.2 %). The species diversity
of Tylenchida in the rhizosphere of rooted meadow
plants was almost not different — 11 species, but in
the percentage ratio, they were only 25 % of all the
species, detected here. Rhabditida and Dorylaimida
were represented in 10 species (22.7 %) and 8 species
(18.2 %), respectively.
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It should be noted that for species of Plectida order,
the best habitat was found in the soil of non-invaded
plots: 7 species were detected (15.9 %), whereas in
the invaded plots, there was one species (3.4 %). The
species diversity of Aphelenchida, Enoplida, Mon-
chysterida, and Triplonchida was insignificant in the
studied plots and did not exceed 6.9 %. The species of
Enoplida order were detected only in the rhizosphere
of natural meadow plants.

In the nematode communities of the meadow
ecosystem, the most numerous ones were the rep-
resentatives of two orders, namely, Tylenchida and
Rhabditida (Fig. 3). It was found that in the non-
invaded plots with natural meadow plants, Tylenchida
representatives were 1.5 times more numerous than
Rhabditida. In the plots, invaded by S. canadensis,
Tylenchida nematodes had exceeding numbers, and
this ratio was 3:4.

The number of nematodes from orders Monhys-
terida, Plectida and Triplonchida in 100 g of soil
was insignificant (fewer than 10 nematodes/100 g
of soil).

The registered species of soil nematodes belonged
to 29 families: 25 families in the non-invaded plots
and 21 families in the plots, invaded by S. canadensis.
The representatives of 18 families occurred every-
where (Table 2).

The total number of nematodes in the soil of non-
invaded plots was formed by four families: Tv/enchi-
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Fig. 2. The share of species of different orders in soil nematode communities of meadow ecosystems: invaded by
Solidago canadensis (Sc) and not invaded by S. canadensis (K)
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Fig. 3. The share of involvement of different orders in the soil nematode communities of the meadow ecosystems with
the invasion of Solidago canadensis (Sc) and without the invasion of S. canadensis (K)

Table 2. The share of involvement (%) of the representatives of different families in soil nematode communities in
the meadow ecosystems with the invasion of Solidago canadensis (Sc) and without the invasion of S. cana-

densis (K)
Share in the community, %
No Family
Sc K
1 Alaimidae 0 0.2
2 Anguinidae 2 0.2
3 Aphelenchidae 10.1 1.5
4 Aphelenchoididae 0 1.3
5 Aporcelaimidae 0.3 1.8
6 Belonolaimidae 1.3 1.6
7 Cephalobidae 14.3 18.4
8 Criconematidae 0.5 0
9 Diphterophoridae 0.5 0.3
10 Dorylaimidae 0 0.3
11 Heteroderidae 3.5 2.9
12 Hoplolaimidae 0.9 1
13 Leptolaimidae 0 0.3
14 Monhysteridae 0.3 0.2
15 Neotylenchidae 1.9 0
16 Nordiidae 0.6 0.2

AGRICULTURAL SCIENCE AND PRACTICE Vol. 12 No.1 2025 51



ZHYLINA| et al.

End of the Table 2

Share in the community, %
No Family
Sc K
17 Nygolaimidae 0 0.1
18 Trichodoridae 0 0.2
19 Panagrolaimidae 0.9 10.3
20 Paraphelenchidae 0.3 0
21 Paratylenchidae 37.1 7.3
22 Plectidae 1.7 4.3
23 Pratylenchidae 2.4 7.3
24 Prismatolaimidae 0 0.4
25 Qudsianematidae 0.3 0.7
26 Rhabditidae 3.8 1.3
27 Tylenchidae 15.1 25
28 Teratocephalidae 0 0
29 Tylencholaimidae 2.2 12.9
Total 100 100

dae (25 % of all detected nematodes), Cephalobidae
(18.4%), Tylencholaimidae (12.9 %) and Panagro-
laimidae (10.3 %). In the rhizosphere of S. canadensis,
these were such families as Paratylenchidae (37.1 %),
Tylenchidae (15.1 %), Cephalobidae (14.3 %) and
Aphelenchidae (10.1%).

The analysis of species by the criterion of domi-
nance demonstrated that the main number of spe-
cies belonged to the recedent and subrecedent groups
(D<2.0%) (Table 3). These species amounted to
almost 80 % in the nematode communities of natural
meadow plants, and 66 % — in plots with Canadian
goldenrod. The living conditions in the rhizosphere
of meadow plants may be more favorable for a larger
number of nematode species than those in the rhizo-
sphere of goldenrod.

In the investigated meadow ecosystems, only six
species reached a considerable number and entered
the eudominant group (D>10%). Only four such
species were present in the non-invaded plots (9 %):
T. teres (12.9 %), A. biitschlii (14.8%), P. rigidus
(10.3%), A. agricola (22 %). In the plots, invaded
with S. canadensis, there were three eudominant spe-
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cies (10%): A. avenae (10.1 %), A. agricola (10.7 %),
P. nanus (37.1 %). Therefore, only one species,
A. agricola, occurred in large numbers regardless of
plant species.

Five species (11 %) in the plots of natural meadow
plants and seven species (24 %) in the invaded plots
belonged to the dominant and subdominant groups
(D=2.1...10.0%). There were no common dominant
species in the investigated plots, and only one sub-
dominant species was registered — Heterodera sp.

In terms of trophic characteristics, soil nematode
communities of the meadow ecosystems were pre-
sented with five trophic groups: bacterivores, fun-
givores, plant parasites, predators, and omnivores
(Fig. 4).

Among the nematodes in the rhizosphere of the
natural meadow plants, the bactivores showed the
most remarkable species diversity — 20 species
(or 45.5% from all the detected ones), the fungivores
were twice fewer — ten species (22.7 %), there were
seven species of plant parasites (15.8 %), five species
of omnivores (11.4 %), and two species of predators
(4.6%).
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Table 3. The ecotrophic structure of the nematode fauna in the soil of meadow ecosystems with the invasion of Soli-
dago canadensis (Sc) and without the invasion of S. canadensis (K)

No. Nematode species and trophic groups c-p ?

K Sc
BACTERIVORES
1 Acrobeles ciliatus von Linstow, 1877 2 ST 0
2 Acrobeloides biitschlii (de Man, 1884) Steiner et Buhrer, 1933 2 ed sd
3 Alaimus primitivus de Man, 1880 4 st 0
4 Anaplectus granulosus (Bastian, 1865) De Coninck et Sch. Stekhoven, 1933 2 sd 0
5 Bastiania sp. 3 ST 0
6 Cephalobus persegnis Bastian, 1865 2 st d
7 Cervidellus cervus Thorne, 1925 2 ST ST
8 Chiloplacus symmetricus (Thorne, 1925) Thorne, 1937 2 0 r
9 Eucephalobus mucronatus (Kozlowska et Roguska-Wasilewska, 1963) 3 r 0
Andrassy, 1967
10 Eucephalobus oxyuroides (de Man, 1880) Steiner, 1936 3 sr sd
11 Heterocephalobus elongatus (de Man, 1880) Andrassy, 1967 2 st 0
12 Mesorhabditis monhystera (Biitschli, 1873) Dougherty, 1955 1 r 0
13 Monhystera fliformis Bastian, 1865 1 0 sr
14 Monhystrella bulbifera (de Man, 1880) Schneider, 1939 1 st 0
15 Panagrolaimus rigidus (Schneider, 1866) Thorne, 1937 1 ed sr
16 Rhabditis sp. 1 sr sd
17 Rhabdolaimus terrestris de Man, 1880 3 Ssr 0
18 Plectus parietinus Bastian, 1865 2 st r
19 Plectus parvus (Bastian, 1865) Paramonov, 1964 2 sr 0
20 Plectus rhizophilus (de Man, 1880) Paramonov, 1964 2 st 0
21 Tylocephalus auriculatus (Bltschli, 1873) Anderson, 1966 2 sr 0
22 Wilsonema otophorum (de Man, 1880) Cobb, 1913 2 ST 0
FUNGIVORES
23 Aglenchus agricola (de Man, 1921) Andrassy, 1954 2 ed ed
24 Aphelenchoides composticola Franklin, 1957 2 ST 0
25 Aphelenchoides bicaudatus (Immamura, 1931) Filipjev 2 sr 0
et Sch. Stekhoven, 1941

26 Aphelenchus avenae Bastian, 1865 2 T ed
27 Boleodorus thylactus Thorne, 1941 0 r
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End of the Table 3

No. Nematode species and trophic groups c-p 2

K Sc
28 Diphtherophora communis de Man, 1880 3 st st
29 Ditylenchus sp. 2 st 0
30 Filenchus filiformis (Butschli, 1873) Andrassy, 1954 2 st sd
31 Paraphelenchus pseudoparietinus (Micoletzky, 1922) Micoletzky, 1925 2 0 sr
32 Psilencus sp. 2 sr 0
33 Tylencholaimus mirabilis (Biitschli, 1873) de Man, 1876 4 0 ST
34 Tylencholaimus teres Thorne, 1939 4 ed r
35 Tylenchus arcuatus sp. 2 0 sr
36 Tylenchus sp. 2 sd st

OMNIVORES
37 Dorylaimus sp. 4 sr 0
38 Eudorylaimus centrocercus de Mann, 1880 4 sr 0
39 Eudorylaimus sp. 4 sr sr
40 Longidorella parva Thorne, 1939 4 st st
41 Mesodorylaimus bastiani Biitschli, 1873 4 sr 0
PREDATORS
42 Aporcelaimellus obtusicaudatus (Bastian, 1865) Heyns, 1965 5 r st
43 Nygolaimus sp. 5 sr 0
PLANT PARASITES

44 Ditylenchus dipsaci (Kuhn, 1857) Filipjev, 1935 2 r
45 Helicotylenchus dihystera (Cobb, 1893) Sher, 1961 3 sr sr
46 Heterodera sp. 3 sd sd
47 Hirschmaniella sp. 3 sr 0
48 Macroposthonia sp. 3 0 sr
49 Paratylenchus nanus Cobb, 1923 2 d ed
50 Pratylenchus pratensis (De Man, 1880) Filipjev, 1936 3 d sd
51 Trichodorus primitivus (de Man, 1880) Micoletzky, 1922 4 sr 0
52 Tylenchorhynchus dubius (Butschli, 1873) Filipjev, 1936 3 r r

Note: c-p — five-point scale, corresponding to the life strategy of the species. D — dominance: ed — eudominant ; d — dominant;
sd — subdominant; r — recedent; sr — subrecedent.
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d e

Fig. 4. Anterior ends of soil nematodes from different feeding groups in the meadow ecosystem: a — bacterivores
(Acrobeles); b — fungivores (Aphelenchoides); ¢ — plant parasites (Helycotylenchus); d — predators (Apor-

celaimellus); e — omnivores (Mesodorylaimus)

Two trophic groups were notable in the rhizosphere
of S. canadensis in terms of their species wealth,
namely, fungivores and bacterivores (10 and 9 spe-
cies or 34.5% and 31.1 %, respectively, from all the
detected ones). There were seven species of plant
parasites but their percentage was higher in the total

Sc
AO
Sc
B ’

Bl Bacterivores [ Fungivores

[0 Omnivores

fauna of nematodes as compared to the non-invaded
plots of meadow plants, which made up 24.1 % of
all the detected species.

The omnivores and predators were presented with
two and one species (6.9 % and 3.4 %, respectively)

(Fig. 5).
K
K

[ Predators

Bl Plant parasites

Fig. 5. The trophic structure of the soil nematode fauna of the plots in the meadow ecosystems with the invasion by
Solidago canadensis (Sc) and without the invasion by S. canadensis (K): A — in terms of species representa-

tion (%), B — in terms of numbers (%)
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Table 4. The ecotrophic indices of soil nematode fauna in the meadow ecosystems with the invasion by Solidago
canadensis (Sc) and without the invasion by S. canadensis (K)

Index K Sc
f/b 1.16+£0.6%* 1.43+1.1%*
Td 2.98+0.18* 2.75+£0.15%*
MI 2.4+0.15% 2.1+0.14*

Structure of domination

Fungivores — Bacterivores — Plant
parasites — Predators — Omnivores

Plant parasites — Fungivores —
Bacterivores — Omnivores — Predators

* P<0.05; ** P<0.01.

Bacterivores and fungivores had predominant num-
bers in the rhizosphere of natural meadow plants.
The share of the involvement of these two groups in
nematode communities was 76.4%. The f/b index
was 1.16 (Table 4). The number of plant parasites
was 20.5 % of the total number, which was 3.7 times
fewer than that of bacterivores and fungivores. The
most numerous parasitic species were P. nanus and
P. pratensis. The shares for the involvement of these
two species did not differ considerably, approximating
7 %. Other species of plant parasites were less nu-
merous (2.9 %—0.3 %). Only the rhizosphere of natu-
ral meadow plants was found to have such parasitic
species as 1. primitivus and Hirschmaniella sp. The
group of nematodes-predators was larger in number
than that of omnivores (1.9 % against 1.2 %).

In the plots of meadow ecosystems with S. cana-
densis, the share of plant parasites increased con-
siderably (2.3 times), their number in the nematode
communities reached 47.7 % of the total number. This
group was composed of D. dipsaci, H. dihystera,
Heterodera sp., Macroposthonia sp., P. nanus, P. pra-
tensis, T. dubius. It was found that the abundant spe-
cies was P. nanus, and its share of involvement was
37.1%. The percentage of other species of phytopara-
sitic nematodes in the invaded plots fluctuated from
0.5% to 3.5 %.

The second and third-ranked trophic groups in
terms of numbers were fungivores and bacterivores
(the cumulative share of involvement was 51.1 %), the
b ratio was 1.43 (Table 4). In general, the trophic
diversity index (Td) was higher for nematode com-
munities inhabiting non-invaded sites (2.98) than for
sites with invasion (2.75).

The analysis of soil nematodes by life strategy
showed that in terms of species representation and
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abundance in the studied areas of meadow ecosys-
tems, colonizers (c-p on scales 1 and 2), i.e. species
with short life cycles that are resistant to adverse
habitat conditions, prevailed (24 species or 54.5 %
of all detected species in non-invaded meadow plots
and 17 species or 58.6 % in plots with S. canaden-
sis). It should be noted that in the soil with natural
meadow plants, these are nematodes from the bacte-
rivores group, and in the rhizosphere of the invasive
plant S. canadensis — fungivores. The percentage of
persistent species (c-p on the scales 4 and 5) in soil
nematode communities of the natural meadow plants
was 22.7%. Only 17.2 % of such species were found
in the invaded areas.

The maturity index of soil nematode communities
in the studied ecosystems was generally low. The MI
was 2.4 for the nematode communities in the plots
with native flora and 2.1 for the nematode communi-
ties of invaded plots.

DISCUSSION

Nematodes are an important component of soil
biota (Neher, 2010; Ferris, 2010). This is proven by
their wide spreading, diversity, high abundance, bio-
mass, and diverse biological relations with all the
groups of the soil biota. Every change in the soil
habitat of nematodes is reflected in the biodiversity of
their communities (Bongers, 1990; Bongers and Fer-
ris, 1999; Zhang et al., 2007; Mahboob et al., 2023).
This group is widely used for soil state indication.
The nematode species differ in their sensitivity to
pollutants and disruptions in the environment. This
information was used to develop indices, integrating
the reactions of different taxa and trophic groups on
disruptions. Therefore, the analysis of soil nematode
fauna may serve as a systemic evaluation of the en-
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vironment (Yeates, 2003; Mulder et al., 2005; Lu Q
et al., 2020; Du Preez et al., 2022).

The impact of invasive plants on the soil environ-
ment may be evaluated by the changes in the taxo-
nomic, trophic, and functional structure of the nema-
tode communities. This was demonstrated in studies
of different invasive plants. Fitoussi et al. (2016)
determined that the trophic diversity and composition
of taxa in nematode communities, inhabiting Israel’s
Mediterranean coastal dunes, changed considerably
under the impact of the invasive plant Heterotheca
subaxillaris (Lam.) Britton & Rusby. There was an
increase in the number of bacterivores and fungivores,
whereas the number of predators and omnivores did
not change. Renco and Balezentiené (2015) studied
the composition of soil nematodes in central Lat-
via, in three environments, inhabited by Heracleum
sosnowskyi Manden. It was shown that this invasive
species reduced the number and species diversity
of nematodes; the populations of bacterivores and
fungivores were significantly higher in hogweed-
infested habitats. In Slovakia, it was also found that
the invasion of Reynoutria japonica Houtt. changed
the structure of roundworm communities; their total
number, number of species and biomass were signifi-
cantly lower in areas infested by R. japonica (Renco
et al., 2021). At the same time, Jurova et al. (2020)
reported that the invasion by 4sclepias syriaca L. did
not have a negative impact on soil nematode popula-
tions in the south of the Slovak Republic.

The eco-biological impact of goldenrod on soil
nematode communities is also a subject of research
by scientists from different countries. The results are
not always unambiguous. This is largely due to the
fact that the nematode fauna was studied in different
natural and climatic zones and different ecological
and cenotic conditions. According to Cerevkova et al.
(2019b), the number of nematodes was higher, and
the number of identified species and their diversity
were lower in areas with S. gigantea invasion than in
uninhabited meadows. Xiangqi et al. (2011) reported
that the number of genera and diversity of phytone-
matodes did not differ under S. canadensis and the
natural species Phragmites australis (Cav.) Trin. ex
Steud. In our study, the number, species diversity,
and taxonomic wealth of soil nematodes in the rhizo-
sphere of S. canadensis decreased by 1.4—1.7 times
compared to the natural phytocoenosis.

Regarding the trophic structure of nematode com-
munities, scientists unanimously noted that under the
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influence of the invasive species, there were changes
in the diversity of trophic groups, their composi-
tion and number, especially in plant parasites and
fungivores.

In the study by Cerevkova et al. (2019b), the num-
ber of plant parasites in the soil was higher under
S. gigantea invasion than in uninhabited areas of
meadows. The authors explain it by the characteris-
tics of this plant. S. gigantea often grows in bumps,
forming mainly single-species stands. Therefore, the
number of some plant parasite species will be higher,
as nutrient use efficiency and biomass production are
high in these areas. The plant has a well-developed
root system, where some phytoparasitic nematodes
can find their food. On the contrary, Xiangqin et al.
(2011), based on their observations, claim that
S. canadensis is less vulnerable to parasitic nema-
todes than the local species P. australis. The authors
note a decrease in the share of plant parasites in the
soil dominated by S. canadensis. In the investigated
meadow ecosystems, the number of plant parasites
increased 2.3 times under the influence of S. cana-
densis. Thus, our results are in line with the reports
of Slovak scientists (Cerevkova et al., 2019b). We
agree with their opinion that this phenomenon is re-
lated to the characteristics of the plant, which has
a well-developed root system with fibrous creeping
rhizomes. This creates conditions for the develop-
ment and feeding of endoparasitic, ectoparasitic and
semi-endoparasitic root-feeding nematodes. In areas,
invaded by S. canadensis, we have recorded 7 spe-
cies of plant parasites. According to the type of their
feeding, four species belonged to ectoparasites (Ma-
cropostonia sp., T. dubius, P. nanus, H. dihystera),
2 species — to endoparasites (P. pratensis, D. dip-
saci), and one species — to semiendoparasites (Hete-
rodera sp.). The recorded species are polyphagous.
P. nanus was a particularly abundant parasitic spe-
cies. Its number in 100 g of soil was 236 nematodes
(37.1%). This trophic group can complicate the func-
tioning of meadow ecosystems and contribute to the
replacement of meadow species (Verschoor et al.,
2002).

It is known that bacterivores and fungivores are in-
volved in nitrogen mineralization, and their ratio is an
indicator of the pathway via which organic material
decomposes (Ruess, 2003; Ruess and Ferris, 2004).
Scharfy et al. (2010) observed a significant decrease
in bacterial biomass and an increase in fungal biomass
in plant communities dominated by S. gigantea. Quist
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et al. (2014) and Harkes et al. (2021) attributed the
high abundance of fungivores to an increase in the
number of soil myxomycetes that fungivores feed on.
A similar trend toward an increase in the number of
fungivores in the soil under Canadian goldenrod was
observed by Xiangqin et al. (2011). S. gigantea inva-
sion significantly affected the number of fungivores
in the studies conducted in meadow ecosystems in
Slovakia (Cerevkova et al., 2019b).

We found that in the meadow ecosystems in non-
invaded plots and the ones, invaded by S. canadensis,
the representatives of the trophic group of fungi-
vores were more numerous in nematode communities
(41.1% and 30.1 %, respectively) than bacterivores
(35.3% and 21 %, respectively). The ratio of these
groups (f/b) was higher in the invaded plots (1.43)
than in the plots of natural meadow plants (1.16).
Based on the works of Ruess and Ferris (2004);
Scharfy et al. (2010) and our own results, it can be
assumed that fungi play a significant role in the de-
composition of organic material in the soil of meso-
phytic meadows under Canadian goldenrod.

The quantitative indicators of trophic groups of
predators and omnivores in soil nematode communi-
ties differ in the invasion by different plant species.
Cerevkova et al. (2019a) indicate that the number of
omnivores was significantly higher in plots, uninha-
bited by Fallopia japonica (Houtt.) Ronse Decr., than
in the invaded ones; no differences in predator abun-
dance were found. S. gigantea invasion in meadow
ecosystems in Slovakia did not affect the density of
nematode omnivores and predators (Cerevkova et al.,
2019b). Our results show that the invasion by S. cana-
densis reduced the number of predators and omni-
vores compared to non-invaded areas (by 6.3 and
1.3 times, respectively). This is consistent with the
data published by Renco et al., 2021, who studied
the impact of R. japonica invasion on soil nematode
communities.

The nematode community maturity index (MI) was
proposed to assess soil condition by the composition
of the free-living nematode community (Bongers,
1990). Higher index values are characteristic of a
less disturbed and stable environment. The maturity
index in the investigated ecosystems was lower in
areas with invasion (2.1 vs. 2.4).

Similar results were obtained in areas, invaded
by H. sosnowskyi, in central Lithuania (Renco et al.,
2015). In the invaded areas of meadow ecosystems
of roadside slopes, the MI was 2.40, while in the
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control, it was 2.85. With R. japonica invasion, the
MI was lower (1.99 on average) than in non-invaded
plots (2.27), regardless of the years of study (Renco
et al., 2021). MI values in plots with S. gigantea
invasion in meadow ecosystems in Slovakia did not
differ significantly, averaging 2.0-2.4 (Cerevkova
et al., 2019b). Lower values of the maturity index
indicate impaired conditions of the invaded ecosys-
tems (Ferris et al., 2001).

Low MI values also indicate the predominance
of colonizer species (c-p on scales 1 and 2), which
are more adapted to unfavorable habitat conditions
and have short life cycles. In the meadow plots with
S. canadensis invasion in our study, such species
accounted for 58.6 % of the total species list, and by
number they made up 84 %. This is 1.1 times more in
terms of the number of species and 1.2 times more in
terms of the number of species than in non-invaded
areas.

Thus, the results of our study indicate that the in-
vasion of S. canadensis in the ecosystems of true
mesophytic meadows had negative consequences on
the structure of soil nematode communities. Com-
pared to the areas of natural meadow plants, there
was a decrease in their number, species, and trophic
diversity; the number of two trophic groups increased,
namely, plant parasites and fungivores. Indicators of
trophic wealth and maturity of the nematode com-
munity decreased during the invasion of Canadian
goldenrod.

Due to the fact that S. canadensis is widespread
in meadows, pastures, reclaimed marshes, forests,
forest glades, and clearings of Polissia, further study
of its impact on the soil environment of different
ecosystems is needed, depending on many factors
(soil, season, climate, and species composition of
local plant communities). Soil nematode communi-
ties can serve as an indicator group of general trends
in changes in soil processes during the invasion of
Canadian goldenrod. Therefore, phytonematological
studies are a promising direction.

CONCLUSIONS

The obtained results give an idea of the influence
of the invasive species of Canadian goldenrod on
the structure of soil nematode communities in the
ecosystem of true mesophytic meadows of the asso-
ciation Festucetum pratensis So6 1938, which were
formed on turf-medium podzolic light clay soils of
Ukrainian Polissia.
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A total of 52 species of soil nematodes were regis-
tered in the meadow ecosystems. The index of taxo-
nomic wealth of nematode communities in plots,
invaded by S. canadensis, was 1.4 times lower. On
the plots of natural meadow plants, 44 species were
registered, on the invaded ones — 29, which is 1.5
times less. The core of the soil nematode communi-
ties of the meadow ecosystem in both non-invaded
plots and plots with S. canadensis invasion was made
up of representatives of the orders Tylenchida and
Rhabditida, but their proportion in the communities
was different. In the invaded plots, Tylenchida sig-
nificantly prevailed in the number of detected species
(1.7 times) and in number (3.4 times).

In the areas with S. canadensis invasion, three spe-
cies belonged to the eudominant group: A. avenae
(proportion in the community — 10.1 %), 4. agri-
cola (10.7%), P. nanus (37.1 %). Only four such spe-
cies were present in the non-invaded plots: 7. teres
(12.9%), A. biitschlii (14.8%), P. rigidus (10.3 %),
A. agricola (22 %).

The trophic structure of nematode communities
in the plots with Canadian goldenrod also had its
own peculiarities. The index of trophic diversity was
higher for nematode communities inhabiting non-
invaded plots (2.98) than for plots with invasion
(2.75). In terms of species wealth, bacterivores and
fungivores dominated the plots of natural meadow
plants and plots with invasion. These two groups
were also more numerous in non-invaded areas of
the meadow ecosystem. The cumulative share of the
involvement of bacterivores and fungivores in the
nematode communities was 76.4 %. The /b index was
1.16. While plant parasites dominated in the areas of
meadow ecosystems with S. canadensis infestation,
their number in the nematode communities reached
47.7% of the total. Fungivores and bacterivores were
the next most abundant (the share of participation
was 51.1%), with an f/b ratio of 1.43.

The Bongers maturity index (MI) of the nematode
community was lower in plots with S. canadensis
(2.1) than in plots with natural meadow plants (2.4).
In the areas with goldenrod invasion, the species
with short life cycles and more adapted to unfavor-
able habitat conditions prevailed in terms of species
representation and abundance. Such species accoun-
ted for 58.6 % of the detected ones, and their number
was 84 % of the total. These indicators demonstrate
the instability of soil conditions in areas with Ca-
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nadian goldenrod invasion for nematode commu-
nities.

The results emphasize the importance of moni-
toring the impact of invasive plant species on the
functioning of soil biocenoses, as such changes can
have long-term consequences for biodiversity and
ecosystem services of grasslands. Further research
should be aimed at establishing the mechanisms by
which S. canadensis affects the structure of nematode
communities, in particular, via possible changes in
soil chemistry, the release of allelopathic compounds,
or changes in the microbial composition of the rhizo-
sphere.

These studies emphasize the need to monitor inva-
sive species and develop strategies for their control
in order to preserve soil biodiversity and maintain
sustainable grassland management.
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Merta. IlopiBHATH eKO-TpO(diUHY CTPYKTYpy YIPyHOBaHb
I'PYHTOBUX HEMAaTO]] €KOCHCTEM CIIPaBXHiX Me30(iTHUX
JYKiB Ha HEIHBA30BaHUX JAUISHKAX 1 3 iHBaziew Solidago
canadensis L. Metoau. 3pa3ku IpyHTy 3 puzochepu npu-
POIHUX TYYHUX POCHHH Ta S. canadensis Oynu 310paHi
y BepecHi 2021 poky y JIBOX JIy9HHX €KOCHCTEMax, poO3-
TamoBaHuX Ha okonuisx cin llocroBuus ta Jlagunka
UYepwirisebkoi obsacti. BuaineHHss HeMaToa MPOBOIHIN
niikoBuM MetonoMm bepmana 3 HaBaxkku 20 1. Excno3un-

ist cTaHOBMIIA 48 TOJ., MIC/IS 4Oro HemaTo (iKCyBaH
TA®owm (Tpuetanonamia+dopmaiain+Boaa y CIiBBigHO-
menHHi 2:7:91). [lepepaxyHOK YHCENBHOCTI 3MIHCHIOBAIN
Ha 100 r aOCoIIOTHO CYXOTO IPYyHTY. AHAJI3yBaIH YHCEITb-
HICTh, TAKCOHOMIYHUHU CKJIaJa, TOMIHYyBaHHS, TpOdiuHy
CTPYKTYpPY YI'pyloBaHb HeMaToJl. Po3paxoByBaiu iHAEKCH
TaKCOHOMIYHOTO OaraTcTBa, pi3HOMaHITHOCTI MeHXiHIKa,
Beprepa—Ilapkepa, ingexc moxibHocTi Kakkapa Ta iHAEKC
3piiocTi yrpynoBaHHs Hematox bonrepca. Pesyabrarm.
Cepennst uncensHicTh HeMaroq y 100 T rpyHTY cTaHOBHMIIA
1075 ocobuH y puzocdepi NpUpOJHUX JTYYHHX POCIUH
Ta 636 ocobuH y pusochepi S. canadensis. Beporo 3a-
peectpoBano 52 Buau: 44 — Ha AIIAHKAX 3 MICHEBUMU
pocnmuHaMH, 29 — B KynuHaX 30JI0TYITHHKA KaHAJICHKOTO;
ingexc MeHxiHika BiAmoBigHO mopiBHIOBaB 1,34 Ta 1,15.
TakconoMiuHe OaraTcTBO yrpyrnoBaHb HEMATO/ y pu3ocde-
pi MicueBux pocnuH takox Buie; ST=116; y pusocdepi
30JI0TYIIHKKA KaHajacbkoro ST=84. 3arajgbHa YHCEIbHICTh
HEMaTo/i MPUPOJHHUX JTYYHUX pOCIUH (popmyBanacs 3a
paxyHOK 9OoTHpPHOX pomuH: Tvlenchidae, Cephalobidae,
Tvlencholaimidae ta Panagrolaimidae (25 %; 18,4 %;
12,9 %; 10,3 % Bcix BHSABJICHUX OCOOWH BiJMOBIJIHO).
B pusocdepi S. canadensis nepesaxxanu: Paratylenchidae,
Tylenchidae, Cephalobidae ta Aphelenchidae (37,1 %;
15,1 %; 14,3%; 10,1 % BinmoBiguo). IHaekc Tpodiunoi
PI3HOMAaHITHOCT] BUSBHUBCS BUIIHUM JJIs yTPyHOBaHb He-
MaToJ, SKi HaceJsUTM HeiHBa30oBaHI IUISHKHU (2,98), Hix
JUISTHKY 3 1HBa31€10 30JI0TYITHUKOM KaHAACHKUM (2,75).
B yrpynoBanHsix HemaroJ] puzochepu KOPIHHUX JTyUHHX
POCJIMH KUIBKICHO MepeBaXkalid CalpoOOIOHTH Ta MIKOTEJIb-
MiHTH. YacTka ydacTi MX JBOX TPyl pa3oM CTaHOBHU-
na 76.4%. Ha ninsgHKax Ty4YHUX €KOCHCTEM 3 iHBa3i€l0
S. canadensis HaiiO1IBII YNCENPHUMU BUSABHIHCS PiTO-
reJILMIHTH Ta MIKOreJbMIHTH. YHcenpHICTh HEMATOL 1H-
X TPOQIYHUX Ipyn Oylia HEBETUKOIO 1 HE 3a3Haja 3MiH.
BucHoBkuH. BcTaHoBeHo, 1110 Ha AiASHKAX 3 iHBa31€10 30-
JIOTYITHUKA KaHa/IChKOTO BUJI0BE 0araTcTBO, YUCEIbHICTD,
TaKCOHOMIYHA Ta TpodidHa PI3HOMAHITHICTH YIPyIOBaHb
I'PYHTOBHX HEMAaTOJ 3MEHIIMINCH. 3pOCiia YHCEIbHICTh
¢itorensMiHTIB (B 2,3 pasa); criBBIJHONICHHS MiKOTEIb-
MIHTIB 1 canipoOiOHTIB Ha IHBA30BAHUX JIITHKAX OYyJIO BHIIE
(B 1,2 paza). Inaexc 3pisiocTi yrpynoBanHs Hematosa boH-
repca HM)KY€ Ha IHBa30BAaHUX JIJIIHKAaX y MOPIBHSIHHI 3
HeiHBa3oBaHUMH (2,1 i 2,4) i BKa3ye Ha MOTIPIICHHS YMOB
CepeIOBUINA Ha JIYYHUX JUITHKAX 3 iHBa3i€ro S. canadensis.
[IpoBepeHi MOCHIMKEHHS TiIKPECIIOIOTh HEOOX1THICTh
MOHITOPUHT'Y 1HBa3WBHHUX BHUIIB 1 pO3poOKHU cTpaTerii
TXHBOT'O KOHTPOIIIO 3 METOI 30€pEKCHHSI IPYHTOBOTO 010-
PI3HOMAHITTS Ta MIATPUMKH CTAJIOTO JYKIBHHUIITBA.

Kurouosi cioBa: cripasxui mezoditHi nyku, Solidago
canadensis, 1HBa3is, yrpynoBaHHsI IDYHTOBUX HEMaTo/l,
TaKCOHOMIYHA Pi3HOMaHITHICTh, TPOQiuHa rpyna.
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