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Abstract
Aim: Typha latifolia causes serious problems in wet meadows by overgrowing and sup-
pressing other native plants. To determine suitable management for T. latifolia control, 
we addressed the following question: What are the effects of long-term cutting at dif-
ferent frequencies (once or twice per year and no management) and biomass removal 
on cover and other characteristics of T. latifolia, and on sward productivity and plant 
species composition?
Location: Malá Strana nature reserve, Jizerské hory Mountains, Czechia.
Methods: A long-term experiment arranged in a randomised block design with three 
blocks was established in 2005. Data were collected from five treatments: unman-
aged control; cutting once a year in June without biomass removal and with biomass 
removal; cutting twice per year in June and August without biomass removal and 
with biomass removal. Percentage cover of T. latifolia and other vascular plant species 
was visually estimated and T. latifolia characteristics (tiller density, height, dry-matter 
biomass [DMB] yield and litter), sward height and DMB yield were measured during 
2005–2018 at the end of June.
Results and Discussion: Regular cutting once or twice per year regardless of cut bio-
mass removal led to reductions in tiller density, height, litter and DMB yield of T. lati-
folia. Biomass removal had only a slight tendency to affect T. latifolia characteristics. 
The higher frequency of cutting significantly decreased the mean T. latifolia cover, lit-
ter and DMB yield. Cutting once or twice per year regardless of biomass removal led 
to successive changes in plant species composition but had no effect on the species 
richness and evenness.
Conclusions: Cutting at least once per year without biomass removal seems to be suf-
ficient to achieve a decrease in DMB yield and litter of T. latifolia plants, and thereby 
maintain the wet-meadow vegetation without loss of species richness and also pre-
venting the overgrowth of shrubs and trees.
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1  |  INTRODUCTION

Typha spp. are common species in wetland ecosystems, particularly 
in freshwater habitats, and occur in many parts of the world (Sale 
& Wetzel, 1983). This genus has a cosmopolitan distribution and in-
cludes species that can behave aggressively and may suppress other 
native species in their natural communities (Apfelbaum,  1985). 
Bansal et al.  (2019) summarised the extensive knowledge regard-
ing the ecological characteristics of Typha spp. and noted that the 
species can have considerable impacts on local fauna and flora, and 
also affect biogeochemical cycling, wetland hydrology and over-
all wetland functioning. Many other authors have mentioned the 
large impacts that Typha spp. have on natural wetland communi-
ties (Ball, 1990; Sharma & Kushwaha, 1990; Lishawa et al., 2017), 
but few of them have examined the effects of different manage-
ments on the characteristics of T. latifolia species by long-term 
experimentation.

Although Typha latifolia L. is a native species in Europe and North 
America, it may become a problematic weed species in many wet-
land habitats and can often significantly suppress the original veg-
etation (Murkin & Ward, 1980; Clevering & Toorn, 2000; Lishawa 
et al., 2017; Bansal et al., 2019). Reduction or total suppression of 
T. latifolia helps to increase habitat heterogeneity, the cover of other 
plant species (Apfelbaum,  1985) and species diversity (Lishawa 
et al., 2017). The harvested biomass of T. latifolia could also be used 
as a sustainable feedstock for use in renewable energy production 
or for bioremediation (Garver et al., 1988; Maddison et al.,  2009; 
Bansal et al., 2019).

Typha latifolia tolerates a broad range of climatic conditions and 
soils that remain wet or saturated by water over a major part of 
the growing season (Grace & Harrison, 1986). It has a high growth 
rate (Sale & Wetzel, 1983), especially under conditions with favour-
able nutrient supply. Further, special photosynthetic acclimation to 
flooded conditions (Li et al., 2004) and high proliferation by vegeta-
tive growth (Sale & Wetzel, 1983) enable T. latifolia to outcompete 
other vascular plant species in many wet habitats.

Management approaches based on either cutting or herbicide 
application are considered appropriate for control of Typha spp., al-
though there are other potentially suitable methods including flood-
ing, burning and physical removal (Apfelbaum,  1985). Harvesting 
during the summer is most detrimental for T. latifolia plants, be-
cause they have only a short period to translocate nutrients and 
non-structural carbohydrates from the shoots to the belowground 
organs. These belowground reserves are necessary especially for 
the initial growth of new shoots in the following spring (Maddison 
et al., 2009), and to enable the plants to overcome disturbance (Toet 
et al.,  2005). If the plants are cut below the water surface their 

ability to supply air to the rhizomes in deep water declines (Murkin 
& Ward, 1980; Grace, 1989). Other benefits of T. latifolia control by 
cutting include restricting plant growth to the immature phases and 
reducing transpiration rates (Martin et al., 2003). Cutting of shoots 
three times over the growing season is considered to be an optimal 
management technique for Typha spp. reduction (Apfelbaum, 1985; 
Sharma & Kushwaha, 1990).

The cut biomass of wet meadows should be removed to pre-
vent it affecting the growth of other species present, the impact of 
which varies according to the thickness of the mown layer and the 
rate of biomass decomposition. The decomposition rate of T. latifo-
lia is affected, as in other plants, by lignin concentrations (Murphy 
et al.,  1998) and C:N ratio of litter (Lee & Bukaveckas,  2002), 
C:N:P content in plant detritus (Enríquez et al.,  1993), pH (Batty 
& Younger, 2007) and by site-specific climatic conditions (Murphy 
et al., 1998). These include temperature and drought effects (Liski 
et al., 2003). The decomposition process also depends on microor-
ganisms (bacteria, fungi) (Álvarez & Bécares, 2006) and surface water 
and sediment nutrient concentrations (Lee & Bukaveckas, 2002), all 
of which have indirect impacts on the plant growth.

The wet meadows in Central Europe provide a wide range of 
ecosystem services including plant and animal biodiversity, water 
retention and carbon storage; however, their area and species rich-
ness have declined rapidly during the last 50 years. There are two 
contrasting management regimes that negatively affect the diver-
sity of wet meadows: (i) management intensification as a result of 
land drainage, increased fertilisation and increased mowing fre-
quency (Wesche et al., 2012); and (ii) land abandonment (Swacha 
et al.,  2018). As a result of these two contrasting but damaging 
developments, wet meadows are now among the most threatened 
grassland types (Wesche et al., 2012; Krause et al., 2015).

Although many previous studies have addressed the effects of 
regular cutting management on T. latifolia species when growing in 
deep water in different waterlogged areas, none of them have con-
sidered the long-term effect of cutting on this species when it is 
growing in wet meadows with shallow water supply. To address this 
important knowledge gap, a long-term experiment was established 
in the wet meadow alliance Calthion with T. latifolia dominance.

In the present paper we have focused on the following questions: 
(i) What is the effect of long-term cutting at different frequencies 
(once or twice per year, relative to no cutting management) on T. lat-
ifolia characteristics (cover, number and height of tillers, dry-matter 
biomass [DMB] yield and litter), and on the sward characteristics of 
wet meadow vegetation (species diversity, sward height, DMB yield, 
plant species composition and functional groups); and (ii) is there any 
effect of biomass removal after cutting on T. latifolia characteristics 
and on sward characteristics of wet meadow?

K E Y WO RD S
biomass removal, cutting frequency, dry-matter biomass yield, Ellenberg indicator values, 
functional groups, plant species composition, species diversity, sward characteristics, Typha 
latifolia characteristics, wet meadow
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2  | METHODS

2.1  |  Study site

The experiment was established in the Malá Strana nature re-
serve in the Jizerské hory Mts. (Czechia, 50°45′52″ N, 15°12′19″ E; 
722 m a.s.l.). The area lies within a shallow mountain basin with gen-
tle slopes between the brook and its surroundings. The site has a 
mean annual precipitation of 1373 mm. Average annual temperature 
is 4.4°C (Vesecký,  1961). Data for average monthly precipitation 
and temperature (meteorological station in Bedřichov, 7.5 km from 
study site) during the study period are presented in Appendix S1. 
The Rábenka brook, which is very close to the experiment (ca. 10–
15 m), provides a continuous water supply to maintain groundwater, 
and the vegetation is growing in waterlogged conditions throughout 
the year even during periods of summer drought. The original drain-
age installations have ceased to function due to vegetation growth 
and water is no longer diverted away from the area of experiment. 
There is almost no effect of spring water and as the brook has a 
relatively low flow rate there is no spillover to the surrounding basin 
and almost no inundations. However, as there is usually snow cover 
in early spring (end of March/beginning of April) snowmelt pro-
vides some additional water at the beginning of the growing season. 
Although there were agricultural activities more than 50 years ago 
at the area of experiment, there is currently no source that could 
cause eutrophication. The bedrock is a porphyritic, medium granular 
granite and granodiorite (Chaloupský et al., 1989).

At the beginning of the 20th century a large area of the nature 
reserve was under agricultural management. Land drainage was in-
stalled, and the area divided into small fields with crops. Areas of 
grassland were subsequently grazed by cattle until the end of 1970 
at places where there were small fields. Large areas of nature reserve 
were either left unmanaged for decades or were managed under ex-
tensive cutting for many years. This resulted in shrubs, young trees 
and T. latifolia encroachment and consequently the area of grassland 
was reduced. The area of this experiment had not been cut for many 
years before the experiment was established.

The vegetation of the experimental grassland is classified as 
Calthion (Chytrý et al., 2007). This alliance is also the most affected 
by T. latifolia expansion in nature reserve Malá Strana. However, de-
spite its spread, only about 10% of the reserve is affected by this 
plant. At the start of the experiment the dominant vascular plant 
species were T. latifolia, Filipendula ulmaria and Carex nigra.

2.2  |  Experimental design

The experiment was established in 2005 in three completely ran-
domised blocks (Appendix  S2). The area of each plot was 16 m2 
(4 m × 4 m) with a buffer zone row between plots of 0.5 m. This row 
was cut twice per year in June and August and the biomass was re-
moved. The following treatments were applied: unmanaged control 
(U), one cut per year in June without biomass removal (1N), one cut 

per year in June with biomass removal (1R), two cuts per year in June 
and in August without biomass removal (2N), two cuts per year in 
June and August with biomass removal (2R). The cutting frequency 
reflected traditional management in these areas, and this was ap-
proved by the nature conservation agency, which is owner of the 
research site.

2.3  | Data collection

2.3.1  |  Number and height of Typha latifolia tillers

The number of T. latifolia tillers was recorded in each experimental 
plot before the first cutting throughout the study period of 2008–
2018, and the height of all presented T. latifolia tillers was measured 
in a 30-cm wide strip (15 cm to the left and 15 cm to the right along 
the diagonal transect) in each experimental plot before the first cut-
ting throughout study period of 2008–2017.

2.3.2  |  Dry-matter biomass yield and litter of Typha 
latifolia, dry-matter biomass yield and sward height

Herbage samples were taken in the years 2008–2017 except for 
T. latifolia litter, which was collected in the years 2009–2017. Dry-
matter biomass yield of the first cut was measured in four subplots 
each with dimensions of 50 cm × 50 cm, randomly placed within each 
experimental plot. Cutting was done to a stubble height of 3 cm. To 
avoid any residual effect of herbage collection from the previous 
year in the unmanaged treatment, the biomass sampling site was 
outside of permanent plots in the surroundings and differed every 
year. The harvested herbage was sorted into T. latifolia herbage and 
litter (in the years 2009–2017), and other herbage. Separated frac-
tions were then dried at 60°C until totally desiccated and DMB yield 
(t ha−1) of all subsampled groups was then determined. The mean 
of four subsamples per experimental plot was used for statistical 
analyses.

Compressed sward height (cm) without T. latifolia was measured 
using a rising plate meter (Castle,  1976). Ten measurements were 
taken in each experimental plot before vegetation sampling in each 
vegetation season during the study period 2010–2018.

2.3.3  |  Species diversity and botanical composition

The percentage cover of all vascular plant species was visually 
estimated in each plot before the first cut in June from 2005 to 
2011, 2013, and 2017. Nomenclature of vascular plant species 
follows the regional flora (Kaplan et al., 2019). All plant species 
recorded in the experiment were classified into five functional 
groups: legumes, short graminoids (mean height less than 0.5 m), 
tall graminoids (mean height 0.5 m or more, and excluding T. lati-
folia) and similarly short and tall forbs, in accordance with the 
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regional flora (Kaplan et al., 2019). The sum cover of species in 
each functional group was used in subsequent analyses. Legumes 
were represented by a single species with negligible abundance 
and thus not analysed. Species richness was calculated from the 
data of abundance. Buzas-Gibson's evenness was calculated as 
E = eH′/S, where H′ is the Shannon index of diversity and S is spe-
cies richness.

2.3.4  |  Ellenberg indicator values

The weighted mean of Ellenberg indicator values (EIV) for soil mois-
ture and nutrients was calculated in each plot using the cover of each 
plant species (Ellenberg et al., 1992). Typha latifolia was excluded 
from these calculations to avoid trivial results caused by its very high 
cover, which is analysed separately. EIV for light was not considered, 
because its scale has limited use within a single grassland type with 
no canopy cover (Chytrý et al., 2018).

2.4  | Data analysis

Two sets of general linear mixed-effects models (GLMMs) were used 
to analyse the cover of T. latifolia, number of T. latifolia tillers, height 
of T. latifolia in transect (cm), T. latifolia DMB yield (t ha−1), T. latifolia 
litter (kg ha−1), compressed sward height (cm), DMB yield (t ha−1), spe-
cies richness, evenness index, sum cover of plant functional groups 
and mean EIV throughout the study period. All variables derived 
from species-cover data were analysed without the data from the 
first three years (2005–2007) in order to account for the delayed 
response of vegetation to the management treatments.

The first set of models included all five treatments in a single 
factor. Blocks and years were used as random factors; all interac-
tions were included in the model to estimate appropriate residual 
mean square and degrees of freedom (Satterthwaite, 1946). If nec-
essary, data were log-transformed to meet GLMM assumptions 
(Appendix  S3). Benjamini–Hochberg's procedure was applied to 
control for false-discovery rate (Verhoeven et al.,  2005). Further, 
to identify significant differences between individual treatments, a 
post-hoc comparison using Tukey's honestly significant difference 
(HSD) test was applied. The second set of models excluded the 
U treatment, thereby enabling to test for separate effects of fre-
quency, biomass removal and of frequency * biomass removal inter-
action, with all other settings being same as in the first set. For all 
univariate statistical analyses, software Statistica 13.2 was used (Dell 
Inc., Round Rock, TZ, USA; 2019).

The effect of treatment on the community composition was 
analysed using partial redundancy analysis (RDA) in Canoco 5 (ter 
Braak & Šmilauer, 2012). The effect of treatment was used as an ex-
planatory variable, while years and blocks were used as categorical 
covariates. Species cover (%) data were logarithmically transformed 
[x′ = log10 (10*x + 1)]. The data of the first three years were excluded 
from the analysis to deal with the possibility of a delayed response 

of the vegetation to the managements applied at the beginning of 
the experiment. The effect of treatment (all constrained axes) was 
tested using 9999 Monte Carlo permutations in a hierarchical design 
where whole plots comprised samples from single plots across all 
years and were permuted within blocks.

All previous analyses filtered out the effect of time to focus on 
the part of the effect of treatment, which is consistent across years, 
excluding the initial years. To disclose the temporal dynamics, we 
supplemented the main analyses by plots of means and standard er-
rors of selected parameters of T. latifolia, parameters of the sward, 
and abundance of selected dominant species (six dominant gram-
inoids and six dominant forbs) in each year including the initial years. 
To illustrate the temporal dynamics in the whole community rela-
tive to the unmanaged control treatment, we present the diagram of 
principal response curves including the initial years (PRC; ter Braak & 
Šmilauer, 2012). In PRC, the interaction of treatment * year was used 
as explanatory variable and year as covariate. The same settings of 
permutation test as in RDA was used.

3  |  RESULTS

3.1  |  Typha latifolia characteristics

All characteristics of T. latifolia were significantly affected by 
treatment. The highest mean cover of T. latifolia was 37.2 ± 2.7% 
(mean ± standard error) in the U and 25.8 ± 2.1% in the 1N treatment 
and the lowest in both treatments cut twice per year (6.7 ± 0.6% in 
the 2R; 8.0 ± 0.8% in the 2N) (Table 1), where its cover decreased 
over time (Figure 1a). The higher frequency of cutting significantly 
reduced the mean cover of T. latifolia (22.8 ± 1.5% in the first cut; 
7.3 ± 0.5% in the second cut) (Appendix S3).

The highest mean number of T. latifolia tillers was 186.3 ± 13.1 
in the U treatment and the lowest was 66.7 ± 4.2 in the 2R treat-
ment. The highest mean height of T. latifolia in the transects was 
110.5 ± 3.4 cm in the U treatment and the lowest was in the treat-
ments cut twice per year (81.1 ± 4.4 cm in the 2N; 84.2 ± 3.3 cm in 
the 2R) (Table 1; Figure 1b,c).

The mean T. latifolia DMB yield and T. latifolia litter were the 
highest (1.85 ± 0.19 t ha−1; 738.4 ± 111.3 kg ha−1) in the U treatment 
respectively (Table  1; Figure  1d,e). The higher cutting frequency 
resulted in significantly decreased mean DMB yield of T. latifolia 
(0.63 ± 0.04 t ha−1 in the one-cut; 0.33 ± 0.04 t ha−1 in the two-cut) and 
in T. latifolia litter (93.2 ± 7.8 kg ha−1 in the one-cut; 10.5 ± 2.3 kg ha−1 
in the two-cut) (Appendix S3).

3.2  |  Sward and plant community characteristics

The type of treatment significantly affected sward height (cm) and 
DMB yield (t ha−1), where U had significantly higher values than other 
treatments; however, these did not differ from each other (Table 1; 
Figure 2a,b).
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Overall, 61 plant species were identified in the experiment 
during the study period 2005–2017. This total comprised 15 tall 
graminoids, 11 short graminoids, 11 tall forbs, 23 short forbs and 
one legume (Appendix S4).

The experimental treatments had no significant effect on the 
species richness, evenness index, cover of functional groups and 
EIV (Table 1). However, marginally non-significant differences in the 
cover of short graminoids were observed; the cover was higher in 1N 
and 1R compared to U, and even higher in 2N and 2R, whereas the 
cover of tall graminoids without T. latifolia showed the opposite trend 
(Table 1; Figure 3). Additionally, species richness diverged later, with 
U being less species-rich than the cut treatments in the final years of 
the experiment (Appendix S5). The development of selected domi-
nant plant species throughout the study period of 2005–2017 also 
differed among treatments (Appendices S6 and S7).

In the RDA based on the vegetation data without observations 
from the first three years of the study period (2008–2017), the ef-
fect of the treatments on plant species composition explained 26.0% 
of the variability (F-value = 6.8, p-value = 0.014) on all constrained 
axes (Figure 4). Three groups of treatments with similar plant species 
composition were distinguished on the ordination diagram. The first 
ordination axis shows differences between U treatment (the first 
group with a single treatment only) and other cut treatments, the 
second axis shows differences between the second group of 1R and 
1N treatments and the third group of 2R and 2N treatments. The 
first group was mainly represented by T. latifolia, Bistorta officinalis, 

Holcus mollis, Scirpus sylvaticus and Myosotis nemorosa, while it was 
avoided by e.g. Carex canescens, Eriophorum angustifolium, Caltha pa-
lustris or Cardamine pratensis. The second group was characterised 
mainly by Mentha arvensis, Eriophorum angustifolium, Lychnis flos-
cuculi and Carex rostrata, but shared several species with the first 
group, e.g. T. latifolia, Juncus filiformis and Valeriana excelsa subsp. 
sambucifolia. The third group was characterised predominantly by 
Anthoxanthum odoratum, Nardus stricta, Carex nigra, and shared sev-
eral species with the second group, e.g. Carex canescens, Cardamine 
pratensis and Caltha palustris.

The first axis of the PRC diagram showed that the effect of 
interaction of treatment and year was statistically significant (F-
value = 0.3, p-value = 0.013). Principal response curves showed dif-
ferences between the U treatment and all of the cut treatments (1N, 
1R, 2N, 2R) in relation to plant species composition similar to the 
first axis of RDA, with rapid differentiation in the first three years 
and a relatively stable composition in the following years (Figure 5).

4  | DISCUSSION

4.1  |  Typha latifolia characteristics

The results of our study confirmed the findings of previous short-
term studies, that cutting is a suitable management for T. latifolia 
control; however, in terms of the frequency of cutting our results are 

TA B L E  1 Results of the general linear mixed-effects models (GLMM) of the T. latifolia characteristics and sward characteristics.

p-Value U 1N 1R 2N 2R

Typha latifolia

Cover of T. latifolia (%) <0.001 37.2 ± 2.7a 25.8 ± 2.1a 19.7 ± 1.8ab 8.0 ± 0.8bc 6.7 ± 0.6c

Number of T. latifolia tillers 0.022 186.3 ± 13.1a 177.4 ± 16.3ab 130.1 ± 6.8ab 78.7 ± 5.7ab 66.7 ± 4.2b

Height of T. latifolia in transect (cm) 0.022 110.5 ± 3.4a 91.0 ± 2.1ab 87.2 ± 1.9ab 81.1 ± 4.4b 84.2 ± 3.3b

T. latifolia DMB (t ha−1) <0.001 1.85 ± 0.19a 0.70 ± 0.08b 0.56 ± 0.06bc 0.38 ± 0.09bc 0.27 ± 0.04c

T. latifolia litter (kg ha−1) <0.001 738.4 ± 111.3a 115.4 ± 17.3b 71.0 ± 12.0bc 14.4 ± 4.7c 6.6 ± 1.5c

Sward

Sward height (cm) 0.001 22.1 ± 0.8a 17.3 ± 0.7b 16.0 ± 0.7b 15.4 ± 0.4b 15.8 ± 0.6b

DMB yield (t ha−1) 0.001 3.89 ± 0.30a 1.89 ± 0.12b 1.70 ± 0.14b 1.38 ± 0.10b 1.43 ± 0.08b

Species richness 0.520 25.6 ± 0.6 28.8 ± 0.7 29.9 ± 1.0 29.1 ± 0.6 28.6 ± 0.9

Evenness index 0.955 0.35 ± 0.02 0.35 ± 0.01 0.35 ± 0.01 0.36 ± 0.02 0.32 ± 0.03

Tall graminoids (%) 0.146 46.2 ± 1.7 26.9 ± 2.3 21.3 ± 1.9 13.4 ± 1.5 8.0 ± 1.0

Tall forbs (%) 0.342 32.6 ± 3.9 16.4 ± 1.8 16.9 ± 1.7 16.7 ± 3.3 11.8 ± 2.7

Short graminoids (%) 0.045 33.2 ± 2.4 45.7 ± 2.7 46.7 ± 3.8 53.6 ± 3.8 59.8 ± 3.2

Short forbs (%) 0.502 18.8 ± 3.0 26.2 ± 3.5 16.1 ± 2.4 17.6 ± 2.3 14.7 ± 2.1

EIV moisture 0.112 7.94 ± 0.04 8.23 ± 0.03 8.28 ± 0.06 8.17 ± 0.05 8.18 ± 0.04

EIV nutrients 0.106 4.18 ± 0.08 4.18 ± 0.09 3.90 ± 0.07 3.66 ± 0.15 3.33 ± 0.14

Note: p-Value – obtained probability value (see F- and df-values in Appendix S3). Significant p-values after controlling for a table-wise Benjamini–
Hochberg's false-discovery rate are shaded. Applied treatments were: U (unmanaged control); 1N (cut once a year without biomass removal); 1R (cut 
once a year with biomass removal); 2N (cut twice a year without biomass removal); 2R (cut twice a year with biomass removal). Numbers in columns 
of treatments represent mean ± standard error of the mean of three blocks of all years excluding the first three years of the experiment. Significant 
differences (p-value < 0.05) between treatment levels according to the Tukey's post-hoc test are indicated by different lowercase letters.
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not straightforward. Thus, although higher frequency of cutting sig-
nificantly reduced T. latifolia cover and its DMB and litter yield, the 
number and height of its tillers remained unaffected (Appendix S3). 
A possible explanation for this could be that there are changes in 
T. latifolia morphology under the different cutting frequencies, for 
example in the number of leaves or thickness of plant stems, as well 
differences in stem or leaf tissue density. An effect of cutting on 
morphological traits was also detected in another wetland species 
such as Phragmites australis (Asaeda et al., 2003).

There was only a slight tendency for the removal of cut biomass to 
affect the characteristics of T. latifolia (apart from an effect on T. lati-
folia plant height) (Table 1, Figure 1). This might be due to favourable 
moisture and temperature conditions (Enríquez et al., 1993; Murphy 
et al., 1998; Liski et al., 2003) that would have promoted easier de-
composition of above-ground biomass (including biomass of T. lati-
folia). Therefore, the undecomposed residues of above-ground cut 
biomass probably did not accumulate on the surface for sufficient 
time to adversely affect plant growth.

F IGURE  1 The mean of T. latifolia characteristics in the years 2005–2018. (a) Mean cover (%) of dominant plant species T. latifolia; (b) 
number of T. latifolia tillers; (c) height of T. latifolia in transect; (d) T. latifolia DMB yield; and (e) T. latifolia litter in investigated treatments. Error 
bars represent standard error of the mean. Note the gaps on the x-axis. Applied treatments were: U (unmanaged control); 1N (cut once a 
year without biomass removal); 1R (cut once a year with biomass removal); 2N (cut twice a year without biomass removal); 2R (cut twice a 
year with biomass removal).
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F IGURE  2 The mean of sward height 
and dry-matter biomass (DMB) yield in the 
years 2008–2018. (a) Sward height and 
(b) DMB yield in investigated treatments. 
Error bars represent standard error of 
the mean. Note the gaps on the x-axis. 
Applied treatments were: U (unmanaged 
control); 1N (cut once a year without 
biomass removal); 1R (cut once a year with 
biomass removal); 2N (cut twice a year 
without biomass removal); 2R (cut twice a 
year with biomass removal).

F IGURE  3 The mean cover (%) of main functional groups in the years 2005–2017. (a) Tall graminoids without Typha latifolia; (b) tall forbs; 
(c) short graminoids; and (d) short forbs in investigated treatments. Error bars represent standard error of the mean. Note the gaps on the 
x-axis. Applied treatments were: U (unmanaged control); 1N (cut once a year without biomass removal); 1R (cut once a year with biomass 
removal); 2N (cut twice a year without biomass removal); 2R (cut twice a year with biomass removal).
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4.2  |  Sward and plant community characteristics

The results from our experiment confirm findings from previ-
ous research on mesophilous meadows that cutting reduces the 
height and yield of the sward in the next year (Pavlů et al., 2013; 
Kassahun et al., 2021); nevertheless, the higher cutting frequency 
did not further reduce either the height or yield of the first cut in 
our experiment.

In terms of plant species composition, no significant changes in 
the cover of short or tall species were detected, but there was a visi-
ble trend in favour of tall species in the unmanaged treatment at the 
expense of short species. Although there were no significant differ-
ences in species richness, after five years of different management 
treatments a trend can be seen of slow increase in the number of 
species on all cut treatments. However, a high increase in the num-
ber of species cannot be expected as almost all species occurring in 

the vicinity are represented in the experimental plots, and thus none 
of the treatments that were applied here can be found to substan-
tially increase plant species diversity.

Due to the relatively low density of plants of T. latifolia, the 
light conditions in the sward were probably sufficient for support-
ing short and mostly competitively weak species in all treatments. 
Despite this fact, three groups with similar plant species compo-
sition that were distinguished on the ordination diagram were as-
sociated with the different cutting intensities (Figure 4). This was 
not only a result of light availability (Jensen & Meyer, 2001; Borer 
et al., 2014) but also as a direct response of individual species to 
the cutting management, as tall species are damaged by defolia-
tion more than short ones (Gaisler et al., 2019; Pavlů et al., 2022). 
Biomass removal after cutting, compared with leaving the cut bio-
mass on the sward surface, had no effect on plant species com-
position and this was probably because of rapid decomposition 
processes of the cut biomass on the sward surface under the envi-
ronmental conditions of the site.

Dominant species of tall forbs such as highly productive 
Filipendula ulmaria (Merunková & Chytrý, 2012), Bistorta officinalis 
and Angelica sylvestris had a tendency to prefer unmanaged plots 
in our experiment (Appendix S7). Bistorta officinalis is able to sup-
press the surrounding vegetation by its above-ground cover of 
leaves, large amount of litter and depletion of nitrogen from the soil 
(Pecháčková & Krahulec, 1995) especially on meadows with an ab-
sence of cutting. The preference of Filipendula ulmaria in unmanaged 
plots is consistent with the life strategy of this species in wet mead-
ows (e.g.Čop et al., 2009; Tatarenko et al., 2020; George et al., 2021).

Dominant species of short graminoids and short forbs showed 
no straightforward response to cutting management. This was 
probably because of their different adaptations to defoliation 
management. The positive effect of cutting on the cover of Carex 
nigra, Carex canescens and Eriophorum angustifolium (Appendix S6), 
is consistent with results of previous defoliation experiments (e.g. 
Marrs et al., 1988; Jungerius et al., 1995; Hedberg et al., 2012; 
Sienkiewicz-Paderewska et al.,  2020). Similarly, the positive re-
sponse of Caltha palustris to cutting reflects its preference for 
unshaded places at higher altitudes (Grime et al., 1988). Although 
short grass Juncus filiformis usually prefers sufficient availability of 
light (Poptcheva et al., 2009; Schrautzer et al., 2013), it was pres-
ent at a high cover in the unmanaged treatment in our experiment 
(Appendix  S6). Its occurrence in abandoned plots was probably 
positively influenced by the absence of cutting and at the same 
time by quite low density of T. latifolia that enabled light to pene-
trate into the lower layers of the sward.

4.3  | Management implications

Practical management should not be focused only on reduction of 
T. latifolia, but it should also take into account the requirements for 
nature conservation in terms of the target state of the whole plant 
community and the rarity and endangered status of individual plant 

F IGURE  4 Redundancy analysis (RDA) ordination diagram. 
Results of RDA of plant species composition data collected in 
the years 2008–2017. Applied treatments were: U (unmanaged 
control); 1N (cut once a year without biomass removal); 1R (cut 
once a year with biomass removal); 2N (cut twice a year without 
biomass removal); 2R (cut twice a year with biomass removal). The 
25 best fitting species are shown. Species abbreviations: Agrsp, 
Agrostis sp.; Alopra, Alopecurus pratensis; Angsyl, Angelica sylvestris; 
Antodo, Anthoxanthum odoratum; Bisoff, Bistorta officinalis; Brimed, 
Briza media; Calpal, Caltha palustris; Carcan, Carex canescens; Carnig, 
Carex nigra; Carpra, Cardamine pratensis; Carros, Carex rostrata; 
Epipal, Epilobium palustre; Eriang, Eriophorum angustifolium; Galiuli, 
Galium uliginosum; Geuriv, Geum rivulare; Holmol, Holcus mollis; Junfil, 
Juncus filiformis; Junsp, Juncus sp.; Lycflo, Lychnis flos-cuculi; Menarv, 
Mentha arvensis; Myonem, Myosotis nemorosa; Narstr, Nardus stricta; 
Scisyl, Scirpus sylvaticus; Typlat, Typha latifolia; Valsam, Valeriana 
excelsa subsp. sambucifolia. The first and second constrained axes 
explained 13.7% and 8.2% of the variability in species composition 
respectively.

 1654109x, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/avsc.12740 by C

zech A
gricultural U

niversity, W
iley O

nline L
ibrary on [03/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    | 9 of 12Applied Vegetation Science
TITĚRA et al.

species in the region. As the application of a higher frequency of 
cutting did not show a straightforward effect on T. latifolia control 
(Table  1, Appendix  S3), the response of the whole community to 
the cutting frequency appears to be a very important factor in the 
choice of appropriate management.

Another factor that is important for plant species composition 
is biomass removal. The results from the present experiment led us 
to suggest that biomass removal does not necessarily have a signif-
icant effect on vegetation under certain conditions. It seems that 
wet edaphic conditions, as in our experiment, can probably accel-
erate the decomposition of unremoved cut biomass, and thereby 
preserve conditions of sufficient light penetration required for vege-
tation growth. Moreover, the issue of biomass removal is also closely 
linked to the soil nutrient status, as regular and long-term removal of 
biomass can result in oligotrophication (Hejcman et al., 2014; Titěra 
et al., 2020).

In wet meadows where there is a dominancy of T. latifolia we con-
sider that extensive management (with cutting once per year with-
out biomass removal) can be sufficient to maintain the plant species 
community in a desirable state. Furthermore, as a management tech-
nique, this is a relatively low-cost option compared with multiple 
cutting and biomass removal. Nevertheless, there are some types of 

plant species community that require a more intensive management 
regime (Sale & Wetzel,  1983; Apfelbaum,  1985), mostly in places 
with greater concentrations of nutrients in the soil. In these condi-
tions it may be appropriate to apply different management regimes 
in one locality and thereby create a diverse vegetation structure.

5  |  CONCLUSION

Regular cutting has been shown to be a suitable management for 
T. latifolia reduction; however, in this long-term experiment T. latifo-
lia characteristics did not show a straightforward relationship with 
higher cutting frequency. Biomass removal had only a slight ten-
dency to affect T. latifolia characteristics. Defoliation management 
cutting once or twice per year, regardless of whether or not the cut 
biomass was removed, led to the successive changes in plant spe-
cies composition but had no effect on species richness and species 
evenness index.

In light of these results, we suggest that cutting at least once 
per year in early summer without biomass removal seems to be 
sufficient for control of T. latifolia in wet meadows and to protect 
the meadow vegetation from overgrowth by shrubs and trees. This 

F IGURE  5 Principal response curves (PRC). Result of partial redundancy analysis (RDA) — PRC — first axis of plant species composition 
data collected in the years 2005–2017. Applied treatments were: U (unmanaged control); 1N (cut once a year without biomass removal); 
1R (cut once a year with biomass removal); 2N (cut twice a year without biomass removal); 2R (cut twice a year with biomass removal). 
The 20 best-fitting species are shown. Species abbreviations: Agrsp, Agrostis sp.; Alopra, Alopecurus pratensis; Angsyl, Angelica sylvestris; 
Antodo, Anthoxanthum odoratum; Avefle, Avenella flexuosa; Bisoff, Bistorta officinalis; Calpal, Caltha palustris; Carcan, Carex canescens; Carpra, 
Cardamine pratensis; Eriang, Eriophorum angustifolium; Galuli, Galium uliginosum; Geuriv, Geum rivulare; Holmol, Holcus mollis; Lycflo, Lychnis flos-
cuculi; Menarv, Mentha arvensis; Myonem, Myosotis nemorosa; Ranacr, Ranunculus acris; Scisyl, Scirpus sylvaticus; Typlat, Typha latifolia; Valsam, 
Valeriana excelsa subsp. sambucifolia.
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extensive management is a relatively low-cost solution compared 
with annual multiple cutting and biomass removal. The results have 
relevance for the development and implementation of wet meadow 
nature conservation and sustainable management strategies for 
meadows with T. latifolia dominance.
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