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abstract 

Baranová B., Fazekašová D., Manko P.: variations of selected soil properties in the grass fields 
invaded and uninvaded by invasive goldenrod (Solidago canadensis L.). Ekológia (Bratislava), vol. 
36, no. 2, p. 101–111, 2017.

although the invasion of exotic plants has been recognised as the serious cause of the biodiver-
sity loss and natural habitats degradation and threat to the ecosystems functions, just the little 
attention has been paid to the potential impacts of the goldenrod invasion on the soil proper-
ties. Equally, currently obtained results are contrary and ambiguous. We tested whether the grass 
fields invaded and uninvaded by canadian goldenrod (Solidago canadensis L.) differ in pH, soil 
moisture, organic carbon (cox), humus and P, k and Mg contents and related the variations to 
the chosen environmental variables. We did not find significant distinctions of the studied types 
of habitats in the selected physico-chemical soil properties as well as the relation between the 
goldenrod invasion and the changes in soil properties. nevertheless, whereas the soil reaction, soil 
moisture and Mg content were higher in the invaded soils, the cox, humus and P and k contents 
were higher in the uninvaded ones. Doubtless, further attention need to be paid to this problem.
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Introduction

Plant invasion is a significant component of global changes. Economic globalisation and in-
tercontinental transport contribute to the increase in number of new, non-native neophytes. 
Some of them were able to establish and spread rapidly within countries out of their origin, 
occupying mostly disturbed, anthropic, slowly renewed or eutrophicated habitats. Pollution, 
lack of nutrition, water and light, natural plant cover removal, anthropogenic interventions 
or soil cover disturbances make the native plant cover more susceptible to the invasive neo-
phytes introduction. over the past two decades, exotic plants invasion has been regognised 
as the serious cause of the biodiversity loss and natural habitats degradation (cvachová, 
Gojdičová, 2003; Jakobs et al., 2004; chapuis-Lardy et al., 2006; Gális et al., 2016). 
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The non-indigenous invasive goldenrod, Solidago canadensis L. (asteraceae), is the perennial 
herb native to the north america which got into the middle of Europe as an ornamental, 
schizanthus and melliferous plant and unintentionally spread from the gardens to the natural 
environment between the 1850 and 1889. nowadays, goldenrod is widespread, crowd out 
the native plant species and generated the characteristic dense and monospecific coenoses. 
Whilst in the Europe, invasive goldenrod occur in the wide range of soil conditions, in north 
america, it grows typically on the wet soils (cvachová, Gojdičová, 2003; Jakobs et al., 2004; 
Weber, Jakobs, 2005; koutika et al., 2011; Pauková, 2013). Human impact and changes in 
vegetation cover are considered to be the important factors affecting the soil formation and 
development (Penížek, zádorová, 2012). owing to the large amount of space that was occu-
pied by the invasive plants and because of the abandonment of invaded habitats, it could be 
expected that environment changes connected with plant invasion will affect the soil proper-
ties. Studies of kourtev et al. (2003), chapuis-Lardy et al. (2006), vanderhoeven et al. (2006), 
Herr et al. (2007), zhang et al. (2009) and Scharfy et al. (2009) focus on the pH; organic carbon 
(cox); total c, n and caco3 contents; available nitrate and ammonium; soil c:n ratio; avail-
able nutrients such as P, k, Mg, nH4-n and no3; P and n availability; bulk density; water hold-
ing capacity; soil moisture; enzymes activity; and soil co2 release changes in the S. canadensis 
and second of invasive goldenrod, S. gigantea (aiton), plots. comparing the invaded plots with 
uninvaded ones, authors assessed  if the goldenrod invasion alters the selected soil properties. 
Soil reaction and ca, cu, zn, Mg, P, k, al, Mn and na contents were studied for the other alien 
plants too (kourtev et al., 1998; Scott et al., 2001; Duda et al., 2003; vanderhoeven et al., 2005; 
Li et al., 2006; koutika et al., 2007). in opposite, the impact of selected soil properties on the 
exotic plants success was also discussed (Hill et al., 2005). it appears that not just the invasion 
affect the soil properties but that the soil properties on their own could support and contribute 
to the spread of the non-native neophytes. Summarised data review of the effect of invasive 
exotic plants on the soil properties was done by Ehrenfeld (2003) and koutika et al. (2011). 
However, obtained results are contrary and ambiguous, and the conclusions about the impact 
of invasion on the soil parameters are still not absolutely clear. 

Despite the increasing interest of the scientific community for the impact of exotic neo-
phytes invasion on the ecosystem properties, very few studied concerning the European sub-
continent have been published (Ehrenfeld, 2003; vanderhoeven et al., 2005). to our knowl-
edge, no similar study has been published in the Slovakia. 

The aim of our study was (a) to evaluate theselected physico-chemical soil properties of 
uninvaded grass fields (UiGF) and grass fields invaded by invasive goldenrod (S. canadensis L.), 
(b) to assess the distinctions of studied types of habitats in the selected soil properties and (c) 
to correlate the properties to each other and relate them to the chosen environmental variables. 

Material and methods

Study stands and soil samples

Soil samples were taken in spring 2012 from the depth of 5−15 cm at six UiGF and six Solidago-invaded grass 
fields (SiGF) (Fig. 1) localised in the urban and suburban zone of Prešov town and surrounding villages, Eastern 
Slovakia. as the goldenrod invaded stands, grass fields with dominance (>80% mean cover) of invasive goldenrod, 
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S. canadensis L., were studied. The stands varied in the disturbances history. chosen areas are registered as the grass 
fields in the national register of Soil; they used to be managed in the past. today they represent abandoned habitats 
without regular agrotechnical interventions. as the comparative biotope, uninvaded, managed (harvested, grazed) 
grass fields with a dominance of Poaceae family were chosen. Managed grass fields were chosen as the comparative 
biotope because of the lack of native, non-managed grass fields. Equally, most of the native, non-managed grass 
fields are just due to ‘‚hands-free’ management already partially invaded by invasive neophytes. Every soil sample 
consisted of 3 sub-samples taken randomly within the stands, but at least in the 25-m spacing to each other. Soil 
moisture was determined gravimetrically in the fresh soil samples. consequently, samples were homogenised, large 
particles were broken down and air dried at room temperature (20−25 °c/7−14 days). Soil was sieved to 2 mm and 
large particles were ground. Samples were stored in the plastic bags until analysis. to measure the pH, a mixture (1:5 
ratio) of one part of soil (5 g) and five parts of 0.01 M cacl2 solution (25 ml) were agitated and tested using inoLab 
pH 720-WtW probe. cox and available nutrients were determined at the oddelenie agrochémie a výživy rastlín 
(avr) košice, ÚkSUP Bratislava. cox content was measured by the Joblbauer method (Peterburskij, 1963) and 
converted into humus content using Welte’s coefficient (1.724). contents of available P, k and Mg were evaluated 
using the Mehlich iii (Fiala et al., 1999). 

Environmental variables

Three variables were chosen to represent invasion. invasive goldenrods are known to cause the decrease in the 
native-plants species richness, because of the clonal growth, they generated characteristic, dense and monospecific 

Fig. 1. Uninvaded and Solidago-invaded grass field stands in the urban and suburban zone of Prešov town and sur-
rounding villages, Eastern Slovakia.
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coenoses (cvachová, Gojdičová, 2003; Jakobs et al., 2004). Thus, as the first criterion, the type of vegetation was eval-
uated as the polyspecific within uninvaded (UiGF) and as the monospecific within Solidago-invaded (SiGF) stands. 
canadian goldenrod individuals achieve as adults the mean height of more than 1 m (cvachová, Gojdičová, 2003); 
Poaceae members, which dominate the UiGF, usually do not overlap this height. Thus, as the second criterion, 
the height of vegetation was take into account, which is evaluated as <100 cm within uninvaded (UiGF) and >100 
cm within Solidago-invaded (SiGF) stands. Solidago invaders usually occupy abandoned, non-farmed habitats that 
are, when compared to the uninvaded, managed ones, without the regular agrotechnical interventions such as the 
harvesting or grazing throughout the most part of the year. ‘Hands-free’ management, that is, no harvesting regime, 
is also reflected with the presence of trees and shrubs pioneer vegetation randomly occurring within the chosen 
goldenrod-invaded stands. The stands remain non-managed just because they are invaded (cvachová, Gojdičová, 
2003; Jakobs et al., 2004). Thus, the measure of agrotechnical interventions was taken into account as the third 
criterion and evaluated as follows: no interventions per season(p.s.) (0), one intervention p.s. (1), two interventions 
p.s. (2) and three interventions p.s. (3). Each stand was also characterised by the following soil parameters: soil type, 
compaction, skeletal and soil grain size according to ‘Partial soil monitoring, cMSP database, vÚPoP Bratislava’ 
and BPEJ (Linkeš et al., 1996). Soils were catagorised as pseudogleys (1), regosols (2), cambisols (3), luvisols (4) and 
fluvisols (5); soil compaction as soil without compaction (0), primary compaction (1), secondary compaction (2) 
and primary + secondary compaction (3); soil skeletal as soil without skeletal (0), slightly skeletal soils (2), middle 
skeletal soils (2) and strongly skeletal soils (3); grain size as light soils (1), middle heavy soils (2), heavy soils (3) and 
very heavy soils (4).

Data analysis

one-way analysis of variance (anova) was used to test the significance of distinctions between the studied types 
of habitats in the selected soil properties. The data were log-transformed before statistical analysis. Mean values and 
standard deviations were evaluated using univariate statistics. The differences between the studied types of habitats 
in the soil properties were displayed using descriptive statistic. The mutual dependences of the soil and soil proper-
ties with the environmental variables were visualised by linear models (ordinary least-squares  regression). analysis 
were done in PaSt 2.17c (Hammer et al., 2001). to assess correlations between the environmental variables and 
selected soil properties, as well as the soil properties with one other, Spearman correlation coefficient determined 
in StatiStica 10 by p < 0.01 and p < 0.05 was used. Because the length of the longest gradient analysed using dif-
ferential correlation analysis  did not overpass value 3 (Lepš, šmilauer, 2000), to test and evaluate the effect and sig-
nificance of environmental variables on the variability of selected soil properties, we used regularised discriminate 
analysis (linear ordinal method) (Herben, Münzbergová, 2003) with the application of Forward Selection Function 
in canoco software (ter Braak, šmilauer, 2002). The data were log-transformed before statistical analysis. 

Results and discussion

The results obtained by the regular soil sampling across the UiGF and grass fields invaded by 
invasive goldenrods and samples processing, were given in table 1. 

Soil moisture

in accordance with our exceptions, invaded plots revealed higher mean soil moisture when 
compared uninvaded ones; however, this distinction was not significant what is in accord-
ance with Scharfy et al. (2009). in association with exotic plants, lower water extraction from 
the soil because of shallower and smaller root system is expected (Ehrenfeld, 2003). culti-
vated grass fields, as mown meadows, are characterised by higher surface temperature and 
low humidity because of removal of plant cover and thus reducing the shadow (Brom et al., 
2009). in opposite, abandoned invaded plots without regular cultivation support the more 
efficient shadowing and thus reduce the soil heating and evapo-transpiration. The higher 
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environment humidity is reflected, for example, in the increasing number of ground beetles 
(coleoptera:carabidae) highly perceptive to soil moisture and decreasing number of xero-
philous species within the invaded stands (kappes et al., 2007; topp et al., 2008; Hansen et 
al., 2009). 

Soil reaction

Equally, we did not observe any significant distinction between uninvaded and Solidago-
invaded stands in soil reaction as well as any correlations between soil reactions and any of 
the other selected soil properties. our results are in accordance with Duda et al. (2003), Herr 
et al. (2007) and Scharfy et al. (2009), who also did not observe any significant distinction 
between invaded and uninvaded plots in the soil reaction. in opposite, zhang et al. (2009) 
and chapuis-Lardy et al. (2006) confirmed distinctions between the invaded and uninvaded 
plots in the pH as significant. our results are also in contrary to the findings of Herr et al. 
(2007) and chapuis-Lardy et al. (2006), that is, the soil pH is consistently lower and signifi-
cantly decrease in the goldenrod-invaded plots, as well as to that of kourtev et al. (1998), Li 
et al. (2006) and zhang et al. (2009) who observed that soil pH significantly increased with 
the invasion of Solidago spp., whilst pH between studied types of habitats was pretty balanced 
in our study.

Organic carbon and humus content

in contrary to our expectation, neither organic carbon nor humus content were higher across 
the invaded plots; equally, the distinctions were not confirmed as significant. We observed 

Mean SD min max

W (%)
UiGF 28.2 12.3 14.1 28.6 31.0 22.0 22.70 7.96 12.3 31.0
SiGF 25.6 17.6 23.8 19.3 29.4 31.6 24.55 5.49 17.6 31.6

pH (CaCl2)
UiGF 4.6 6.2 6.9 6.6 6.8 5.0 6.02 0.98 4.6 6.9
SiGF 5.7 6.9 7.3 5.6 4.9 6.2 6.1 0.89 4.9 7.3

Cox (%)
UiGF 4.00 1.77 1.71 2.24 2.54 1.50 2.29 0.92 1.5 4.0
SiGF 2.26 1.74 1.09 1.41 2.15 2.08 1.79 0.46 1.09 2.26

Humus  (%)
UiGF 6.89 3.06 2.95 3.87 4.39 2.59 3.96 1.58 2.59 6.89
SiGF 3.89 3.00 1.88 2.43 3.71 3.58 3.08 0.80 1.88 3.89

P  [mg kg−1]
UiGF 20 88 55 459 23 63 118 169 20 459
SiGF 173 79 55 37 20 232 99.3 84.36 20 232

K  [mg kg−1]
UiGF 378 295 247 383 331 168 300.3 82.69 168 383
SiGF 1038 217 187 265 184 523 402.3 336.4 184 1038

Mg [mg kg−1]
UiGF 381 479 349 292 528 155 364 133.8 155 528
SiGF 296 357 238 355 186 205 272.8 74.47 186 357

t a b l e  1. Selected physico-chemical soil properties of the topsoil (5−15 cm) in UiGF and SiGF stands.

notes: pH − soil reaction; W − soil moisture; cox − organic carbon; P − phosphorus; k − potassium; Mg − mag-
nesium. 
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significant (p < 0.05) positive correlation between cox and humus content with the soil 
moisture (Fig. 2), as the carbon dynamics is strongly affected by the soil humidity (Ehren-
feld, 2003). The another of invasive representatives of Solidago genus in the middle Europe 
S. gigantea has a  greater mean concentration of carbon. Because the litter decomposition 
rates is strongly influenced by the c:n ratio (Herr et al., 2007), goldenrod tissues supposed 
to decompose slower. together with the increased biomass production and leaves litter fall, 
it partially explains the increase in cox under stands of invasive plants (Scott et al., 2001). 
recent studies suggest that the biomass of detritophagous soil fauna groups, which contrib-
ute to humification process, increase in invaded habitats. Greater biomass production is one 
of the effects most frequently associated with the plant invasion; stands not cultivated by 
man reveal high amount of detritus and organic matter. Then, the groups feeding upon dead 
and decaying plant organic matter profit from the permanent presence of a huge amount of 
plant litter. The invaded plots point the higher decomposition rates, food chain change from 
plant based to detritus based (Ehrenfeld, 2003; Ernst, cappuccino, 2005; chapuis-Lardy et 
al.,  2006; Frouz et al., 2007; de Groot et al., 2007; Herr et al., 2007; topp et al., 2008; Brom 
et al., 2009). accordingly, the higher humus content could be expected in the invaded plots. 
But, in our study, neither cox nor humus contents were higher in the invaded plots; equally, 
the distinctions were not confirmed as significant. our findings are in contrary to Duda et al. 
(2003), koutika et al. (2007) and zhang et al. (2009), that cox increase significantly in con-
nection with Solidago invasion. according to Scharfy et al. (2009), the total c concentration 
increase by 6% in goldenrod-invaded soils. The cox might be used even as indicator of S. 
canadensis density (zhang et al., 2009). in opposite, according to kourtev et al. (2003) and 
Li et al. (2006), cox significantly decrease in the invaded sites because of the high nitrogen 
uptake by exotic plants and their competition with the soil community. 

Fig. 2. Linear dependence of (a) the soil moisture and organic carbon content (p = 0.095) and (b) the soil moisture 
and humus content (p = 0.095).

(a)                                                                                                (b)
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Phosphorus, kalium, magnesium content

although the mean value of phosphorus was higher within uninvaded stands, according to 
descriptive statistic (Fig. 3), P content was higher in the invaded plots. The highest P content 
was assigned for the uninvaded stand n.4. Excluding this value, the mean P content of unin-
vaded soils would be 49.8 mg kg−1. We did not confirm the correlations of phosphorus with 
any of the other selected soil properties; equally, the distinction between UiGF and SiGF 
in phosphorus content was not significant. according to zhang et al. (2009), S. canadensis 
invasion results in significant decrease of available phosphorus content. Duda et al. (2003), 
chapuis-Lardy et al. (2006), Herr et al. (2007) and Scharfy et al. (2009) obtained the contrary 
findings. S. canadensis as the mycotrophic species efficiently uptake the phosphorus from 
the soil with the help of arbuscular myc-
orrhizal fungi (Bagayoko et al., 2000; Jin 
et al., 2004). Dead goldenrod leaves have 
higher concentration of phosphorus; then, 
litter quality can influence the soil P sta-
tus within invaded soils. P concentration 
can also increase due to active acidification 
or rapid turnover of the fine roots in the 
winter time (Herr et al., 2007). That is why 
the P dynamics is enhanced in the soils 
invaded by Solidago spp. (chapuis-Lardy 
et al., 2006). Scharfy et al. (2009) did not 
confirm the significant effect of the S. gi-
gantea on the phosphate concentration or 

Fig. 3. contents of the available nutrients in the invaded and uninvaded stands. 
notes: UiGF, uninvaded grass fields; SiGF, Solidago-invaded grass fields.
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P availability. But, the significant interaction between the P availability and the soil c:n ratio 
was observed, as the c:n ratio is reduced when the P availability is lower and vice versa.

We determined higher mean value of potassium content in the invaded stands. But, ac-
cording to the descriptive statistic (Fig. 3), mean k content was higher in the uninvaded one, 
whilst, for example, Herr et al. (2007) observed higher k content under the S. gigantea stands. 
Potassium content assigned for the Solidago-invaded stand n.1 exceeded more than two times 
the mean value. Excluding this value, the average k content of invaded soils would be 275.2 mg 
kg−1 and so lower, or pretty balanced with uninvaded plots. k content did not differ significantly 
between the UiGF and SiGF what is in contrary to vanderhoeven et al. (2005).

We observed lower mean value of magnesium content in the Solidago-invaded plots 
when compared to uninvaded ones. our findings are inconsistent with Herr et al. (2007), 
who observed that the Solidago-invaded stands revealed higher Mg content, also in contrary 
to vanderhoeven et al. (2005), as the distinction between invaded and uninvaded plots in 
Mg content was not significant. Magnesium did not correlate with any of the other selected 
soil properties. 

We observed the significant (p < 0.05) and positive correlations between k and cox as 
well as k and humus contents (Fig. 4).  

Fig. 4.  Linear dependence of (a) the potassium and organic carbon content (p = 0.26) and (b) the potassium and 
humus content (p = 0.26).

(a)                                                                                                (b)

Environmental variables

We observed significant (p < 0.01) positive correlations between soil reaction and soil com-
paction as well as pH and soil type (p < 0.05). The relation of selected soil properties to envi-
ronmental variables is shown in the biplot (Fig. 5). However, our study did not find any effect 
of any of the environmental variables on the variation of selected soil properties within the 
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studied types of habitats. Thus, we did not confirm clear, unambiguous significant impact of 
the S. canadensis invasion on the selected physico-chemical soil properties. 

Conclusion

although we did not confirm the significant impact of the neophyte invader S. canadensis on 
the selected soil properties, our results do not imply that the goldenrod invasion is unprob-
lematic for nature conservation. Doubtless, the biomass and the litter production of Solidago 
should be reduced as much as possible, for example, through harvesting (Skórka et al., 2010). 
rather, our results highlight the need to pay more attention to study of this problematic, 
wider spectrum of invaded habitats should be considered  (Herr et al., 2007). Quantitative 
evaluation of the ecological impact of plant invasion is necessary in order to optimise the 
management of invaded habitats (Ernst, cappuccino, 2005; Gerber et al., 2008).

Acknowledgements

The research was supported by the University of Prešov grant agency for PhD students and young researchers, 
vEGa 1/0627/12 and kEGa 012PU-4/2012.

Fig. 5. First two axes of rDa biplot of selected soil properties and eight environmental variables. 
abbreviations and notes: W − soil moisture; pH – soil reaction; humus − humus content; cox − organic carbon con-
tent; P − phosphorus content; k − potassium content; Mg − magnesium content; St − soil type; cMP − compaction; 
Sk − skeletal; GS − grain size; vG-h − vegetation high; vG-t − vegetation type; int − interventions; SEa − season.
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