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Abstract

Aims: The nutrient concentration in herbage and biomass productivity analyses are
dependent on the vertical distribution of different sward layers where the sampling is
done. Notably, a majority of studies indicate clipping biomass to the ground level with-
out any consideration of the vertical distribution. This study examined the effect of
cutting and grazing intensities on the vertical distribution of plant functional groups.
Location: Oldfichov Grazing Experiment, northern Czechia.

Methods: During a 15-year experiment: (a) intensive and (b) extensive grazing with-
out cutting; (c) cutting in June followed by intensive and (d) extensive grazing; and
(e) undefoliated treatment were applied throughout the vegetation season. Biomass
data were collected at two layers in the sward (below and above 3 cm) and separated
into five functional groups. Biomass data were analysed to examine the succession
and effects of treatments on vertical distribution of functional groups.

Results: Treatment effects were differentiated after 2-3 years from the introduction of
management, but the composition of functional groups fluctuated over time. Treatments
significantly affected total biomass of all functional groups and the vertical distribution
within swards of most groups. Particularly intensive grazing significantly decreased the
total biomass of graminoids, forbs, and dead biomass in favour of legumes (which in-
creased). This led to a shift in the relative biomass distribution from the upper sward
layer to the lower layer for most functional groups except for legumes and mosses.
Conclusion: The high proportion of dead biomass in the lower sward layer sug-
gests the need for a methodological approach that considers clipping of biomass
only above 3 cm when sampling for productivity and forage quality analysis. This
approach would avoid including biomass from below 3 cm or the lower layer, which
would be ungrazed by cattle. Many previous studies may have reported a distorted

or inflated value in herbage productivity or forage quality results.
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1 | INTRODUCTION

Although the relationship between biodiversity and grassland pro-
ductivity remains a passionately contested topic (Adler et al., 2011;
Grace et al., 2012), it is still assumed that in agricultural settings
higher plant diversity has lower economical value for farmers as
it is often associated with lower forage quality and biomass yield
(Bruinenberg et al., 2002; Isselstein et al., 2005). Therefore, several
studies have been conducted focusing on grassland productivity and
forage quality. However, accurate measurement with a clear meth-
odology is critical when it comes to productivity and forage qual-
ity assessments. Unfortunately, which layer to incorporate during
sampling and analysis of data from grazing or cutting experiment
remains vague or largely unanswered.

Grazing management is a highly complex process that affects the
grazers as well as the sward structure. Vegetation structure (where
height of the sward is the main criterion determining structure)
is one of the main factors that affects the quantity as well as the
quality of available forage resources for grazing animals. Therefore,
the performance of the grazers is directly affected by their nutri-
ent intake from the vegetation structures (Fleurance et al., 2016).
In mixed-species swards, the vertical structure also affects graz-
ing intake as well as influencing inter-species competition for light
(Schulte & Lantinga, 2002). For instance, in temperate grasslands the
biomass intake by cattle is significantly influenced by sward struc-
ture through several factors of grazing behaviour including bite mass
(Casey et al., 2004), intake rate (Barrett et al., 2003) and amount of
energy utilized during grazing (lllius et al., 1995). Intake and grazing
behaviour are also influenced by morphological changes in sward
structure, which was observed as having a direct relationship be-
tween grazing activity and sward structure of lucerne (Medicago
sativa) and cocksfoot (Dactylis glomerata) in a New Zealand silvopas-
tural site (Peri et al., 2001). Hence, greater emphasis on the man-
agement of sward structure has increasing relevance in the context
of grassland utilization, as the direct influence of sward structure
on herbage intake ultimately affects animal production (Gordon &
Benvenutti, 2006).

The promotion of certain managements such as grazing or long-
term exclusion of grazing could lead to a change in dominance of
above-ground biomass (different plant functional groups) ultimately
affecting the proportion of palatable grasses and unpalatable forbs
in temperate ecosystems (Zhao et al., 2019). However, plant com-
petition (del-Val & Crawley, 2005), and grazing behaviour of the
animals also influence the composition and perenniality of plant
communities (Matches, 1992), the functional groups and the spatial
heterogeneity of vegetation (Adler et al., 2001; Bullock et al., 2001;
Diaz et al., 2007; Fernandez-Lugo et al., 2013) as well as soil physical
and chemical properties (Augustine and Frank, 2001; Steffens et al.,
2008).

Grassland managers often consider grazing to be one of the
most important management tools for manipulating the vegeta-
tion, yet the respective management decisions should always

be based on a clear set of criteria that includes sward structure.

According to Hodgson and Maxwell (1981), sward measurements
such as height and growth stage are important for managing graz-
ing systems, and can greatly improve grassland productivity and
utilization as well as improving the sward structure (Milchunas &
Lauenroth, 1993), by matching sward condition and herbage avail-
ability to the requirements of animals. For instance, the relative
proportion of flowers, stems and dead material in the different
horizons (vertical structure) is one of the main components of
structural variation that is open to manipulation (Tallowin et al.,
2005). However, sward structure could be very different depend-
ing on the types of plant species present. For example, Hodgson
(1985), described the vertical structure for a legume (white clo-
ver, Trifolium repens) and grass (perennial ryegrass, Lolium perenne),
and observed that the upper horizons of the sward canopy are
made up primarily of living leaves, whereas leaf sheaths, stems and
dead biomass are concentrated in the lower horizons. In a sub-
humid grassland type in Argentina, Sala et al. (1986) investigated
the effect of grazing management on plant community structure
in seven sward layers and found that in grazed grassland most of
the plant material was concentrated in the bottom layer, whereas
in undefoliated plots the largest proportion of the leaf area was in
the upper layer.

Previous studies and documentation of the vertical structure of
swards in temperate areas have mainly considered homogeneous
swards of legumes and grasses, such as perennial ryegrass and white
clover. The structure of these swards has been shown to consist
typically of leaves in the upper layer, while the lower layer mostly
comprises stems and dead biomass (Hodgson, 1985). However,
grasslands of central Europe, which often have a high species diver-
sity, have been very little studied, and particularly long-term data
of mixed-species swards composed of graminoids, forbs, mosses
and legumes are lacking. In this paper, we present the results of a
long-term study that started in 1998 in the Jizera Mountains (Czech
Republic) with the main objective of investigating the effects of
different levels of grazing intensity on different functional groups
of grassland species at two vertical sward layers. Against this back-
ground, and using long-term data, we seek to answer the following
questions:

1. What is the successional development of functional groups in
different layers of the sward under contrasting grazing intensity
and cutting management?

2. What is the effect of treatments on the vertical distribution of
functional groups? Is grazing intensity or cutting management the

key driver?

2 | METHODS
2.1 | Study site

The study was conducted at the site of the “Oldfichov Grazing

Experiment” in the Jizera Mountains, northern Czech Republic
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(50°50.34" N, 15°05.36' E; elevation 420 m a.s.l.). The site has an
average annual precipitation of 803 mm, and a mean annual temper-
ature of 7.2°C (Liberec Meteorological Station). For monthly rainfall
and mean monthly temperatures, see Appendix S1.

The geological substratum is granite underlying a low, deep,
brown soil (cambisol). The content of plant-available P, K, and Mg
at the start of the experiment analysed according to the Mehlich
Il method (Mehlich, 1984) was 64, 95 and 92 mg/kg respectively
(Pavl( et al., 2006a). For plant-available P, K, Mg, Ca and pH/CaCl,
under each treatment for the year 2016 see Appendix S2. In the
early 1980s, the area was drained, ploughed and reseeded with pro-
ductive grasses, namely Dactylis glomerata, Festuca pratensis, Lolium
perenne, and Phleum pratense. Between 1987 and 1992, rotational
grazing was introduced, and fertilizer was applied over the entire ex-
perimental site as follows: N (40-140 kg/ha as NH,NO,), P (40 kg/
haas Ca(H,PO,),), and K (120 kg/ha as KCI). No fertilizers have been
applied since 1992 (Pavlu et al., 2003), and the site remained aban-
doned until 1998.

The botanical diversity at the experimental site can be consid-
ered as high with up to 24 vascular plant species per m?. The dom-
inant species are Agrostis capillaris, Festuca rubra aggr., Trifolium

repens and Taraxacum spp. (Ludvikova et al., 2015).

2.2 | Experimental layout and grazing trial

The experiment was established in two adjacent completely rand-
omized blocks in 1998 (Pavlu et al., 2007). Each block consisted of
five treatment paddocks, each of 0.35 ha, except the undefoliated
plot, which was 0.12 ha. Different management regimes were ap-
plied in each paddock. The treatments were (Table 1): (a) extensive
grazing (EG), where the stocking rate (SR) was adjusted to achieve a
mean target sward surface height >10 cm; (b) intensive grazing (IG), in
which SR was adjusted to achieve a mean target sward surface height
<5 cm; (c) cutting in June followed by extensive grazing (ECG) for the
rest of the growing season; (d) cutting in June followed by intensive
grazing for the rest of the growing season (ICG); and (e) the undefoli-
ated control (U). The percentage cover (%) of the graminoids, forbs
and legumes under different treatments for the years 2001-2012 are

shown in Appendix S3.

TABLE 1 Description of treatments at the study site

Start of
Treatment description Sward height cutting
Extensive grazing >10cm No cut
First cut followed by extensive grazing ~ >10cm Early June
Intensive grazing <5cm No cut
First cut followed by intensive grazing <5cm Early June
Undefoliated Uncontrolled No cut

§ Applied Vegetation Science SELE:

In order to adjust the stocking density for IG and EG treatments,
while also keeping the stock numbers constant, the size of grazed
areas was adjusted by moving the fences continuously throughout
the grazing season. Since its establishment, the design of the ex-
periment, its layout and SR remained unchanged. All paddocks of
treatments (a) and (b) were continuously stocked with young heifers
with initial live weights of about 200 kg from early May until late
October, and from mid-June to late October in the case of treat-

ments (c) and (d).

2.3 | Measurements and sward structure

In early May (before cutting or the start of grazing) from 1998 to
2012 (15 years), six samples were collected from a 50 cm x 25 cm
steel frame randomly placed within each treatment plot (pad-
dock). In each, the biomass from two vertical sward layers was
collected using electric clippers within the area of the steel frame:
(a) lower 0-3 cm (stable non-grazed layer) and (b) upper >3 cm
(grazed layer). Experimental evidence (Laca et al., 1994; Ungar,
1998) indicated that animals favourably graze the highest or
upper part of the sward. For instance, in our experimental site
under IG treatment, the average sward during the grazing season
is typically between 3 cm and 4 cm, which was identified from
weekly measurements of compressed sward heights across the
experiment’s plots (100 measurements per plot). Hence, the low-
est layer, which is left ungrazed in our experiment, is considered
under 3 cm in all plots.

Accordingly, the plant material that were collected from the two
layers was then sorted into different functional groups: living bio-
mass, separated into forbs (without legumes), graminoids, legumes
and mosses, and undifferentiated dead material. Total living biomass
of vascular plants was calculated as the sum of graminoids, forbs and
legumes (hereafter referred to as living biomass). Finally, the sam-
ples were oven-dried for 48 hr at 70°C and weighed. In total, 1,800
samples (120 samples per year) were analysed over the 15-year ex-
perimental period. The experimental site can be classified as a low-
productive site with herbage biomass production in the years 1998
to 2001 ranging from 3.33 t/ha to 3.90 t/ha under IG and 2.20 t/ha
to 3.35 t/ha under EG (Pavli et al., 2006a).

One-way design Two-way design

Start of

grazing Treatment Intensity Management
Mid-May EG E N

Late June ECG E C

Early May IG | N

Mid-June ICG | C

No grazing U - -

Abbreviations: C, Cut; E, Extensive; G, grazing; |, Intensive; N, No cut; U, Undefoliated.
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2.4 | Data analysis

The succession in the composition of functional groups in the two
vertical layers was analysed using a partial principal components
analysis (pPCA) with blocks as covariate and excluding the variable
living biomass, as it is the sum of other variables. pPCA was per-
formed using Canoco 5 (ter Braak & Smilauer, 2012).

To investigate the effects of the treatments on differences be-
tween the vertical sward layers, the ratio of the biomass in the upper
layer to the sum of the biomass in both layers was calculated for each
functional group. The effects of the treatments on total biomass and
on the upper biomass of each functional group, and their ratios were
analysed using two sets of general linear models (GLMs). The first set
of models included all five treatments (including undefoliated — U)
in one factor, and the Tukey honestly significant difference test was
applied to identify the differences between them. The second set
excluded treatment U, thereby enabling us to test for the effect of
grazing and cutting separately, including their interaction. In addi-
tion, “year” and all its interactions were included as random factor
in both sets of models to account for the large between-year fluc-
tuations. The first three years of data were excluded from this anal-
ysis due to the substantial change in vegetation that followed the
introduction of management at the site. Block was excluded from
the models, as it had no significant effect. The total biomass was
log-transformed X = log,o (X + 1)] and the proportion of the upper
layer was arcsin-transformed {X/ = asin [sqrt (X)]/asin (1)} to improve
normality of the data. We applied Benjamini-Hochberg's procedure
to control for false discovery rate (FDR; Verhoeven et al., 2005).
Additional GLMs were used to evaluate the effect of treatments on
the ratio of living to dead biomass for the two sward layers sepa-
rately. The ratio was log-transformed X = log,o (X)] and “infinity”
ratios in samples with zero dead biomass were replaced by the max-
imum value of each respective treatment. The same model setting
was applied as in the GLMs with all treatments described above (year
as random factor, Tukey post-hoc test). GLMs were conducted using
Statistica 13.1 (Dell Inc., 2016).

3 | RESULTS
3.1 | The successional development

The pPCA shows the overall differentiation in vegetation composi-
tion through the course of the experiment (main pattern in Figure 1,
detailed successional trajectories in Appendix S4). The first axis (ex-
plaining 36% of variation) differentiated the intensive grazing (IG,
ICG) from extensive grazing or no management (EG, ECG, U) with
additional slight differences within the latter group. The start of all
successional trajectories is close to the undefoliated control, and
rapid changes in vegetation were observed for the two-year period
following the establishment of management, especially in the inten-
sively grazed plots. The vegetation of the undefoliated or exten-

sively grazed treatments is largely characterized by large amounts of

dead biomass in both layers, and graminoids and forbs dominate in
the upper layer, while legumes were mostly absent. Intensive graz-
ing treatments are characterized by lower amounts of dead biomass
in both layers, while legumes were largely present in both layers.
The second axis (explaining 19% of the variation) represents mostly
random between-year fluctuations, which were generally consistent
in all treatments. Most of this variation is attributed to mosses and
forbs in the lower layer, and these are generally more abundant in
ECG.

3.2 | Effect of all treatments on the biomass and its
vertical distribution

The five treatments had significant effects on total biomass of all
functional groups and on the vertical distribution of most groups
except legumes and mosses (Table 2). Except for mosses, treat-
ment also had a significant effect on the upper layer of all functional
groups. Compared to the managed treatments (explored in more
detail in the next section), the undefoliated treatment in the total
showed the lowest biomass of graminoids (shared with intensive
grazing) and legumes, but the highest amount of dead biomass. The
sum of living biomass was only marginally different and the unde-

foliated treatment had intermediate values. Regarding the vertical

<
Moss L
Forbs L
Forbs U
\Dead L
Graminoids L
Dead U
Graminoids U Legumes L]
Legumes U
Qe
-1.0 10

FIGURE 1 Partial principal components analysis ()PCA) of the
plant functional groups for the upper (>3 cm) and lower (<3 cm)
sward layers. Arrows indicate the main successional direction of
treatments (from 1998 to 2012); envelopes encompass the region
where the treatments were fluctuating after their initial divergence
(from 2001 to 2012, i.e. excluding the first three years consistently
with our general linear models). For detailed plot, see Appendix S4.
Group labels include group name and layer abbreviation: L - lower,
U - upper. For treatment abbreviations, see Table 1
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distribution, in the undefoliated treatment the living biomass was
present in the upper layer more than in the case of managed treat-
ments. This holds for both the graminoid and forb components (leg-
umes were almost absent in U, preventing reliable evaluation of their
vertical distribution). Dead biomass was low in the U treatment, in
contrast to extensive grazing.

Furthermore, our results showed an overall higher proportion of
living biomass in the upper layer than in the lower layer. The IG and
ICG treatments provided a significantly higher proportion of living
biomass relative to EG, ECG and U treatments (Figure 2). In terms of
dry standing matter, graminoids provided the highest amount among
all functional groups throughout the entire experimental period
(Appendix S5).

3.3 | Effect of grazing intensity and cutting
management on the biomass and its vertical
distribution

Grazing intensity significantly affected the upper layer biomass (>3 cm)
of all functional groups except for mosses (Table 3). Extensive grazing
increased biomass in graminoids, forbs, sum of living biomass (mostly

composed of graminoids and forbs) and dead matter, while legumes

TABLE 2 Result of general linear model
for the effect of all treatments on the
total biomass, on the upper layer biomass
(>3 cm) and on the ratio of biomass in the
upper layer (>3 cm) to total biomass for all

df

Graminoid 44

. Forb 44
functional groups

Legume 44

Living 44

Dead 44

Moss 44

§ Applied Vegetation Science SELE:

decreased (Figure 3a). Apart from forbs, management and its interac-
tion with grazing intensity had no effect on the functional groups of
the upper layer. A higher ratio of biomass in the upper layer to total
biomass was also observed under extensive treatment for graminoids,
forbs, living and dead (Figure 3c), which in combination with higher
total biomass in extensive treatment in these groups (Figure 3b) re-
sults in a more pronounced pattern in the upper layer alone (Figure 3a)
compared to the pattern observed with total biomass. Overall, very
little dead biomass was present in the upper layer while mosses were
effectively absent from the upper layer (Figure 3a).

Grazing and cutting treatments significantly affected the total
biomass of most functional groups (some of the main effects were
only marginally significant; grazing intensity was not significant
for mosses due to the contrasting effect of interaction; Table 3;
Figure 3b). Intensive grazing suppressed both living and dead bio-
mass, specifically through its effect in decreasing graminoids and
forbs, while there was higher moss biomass in the cut plots. In con-
trast, intensive grazing resulted in a marked increase in legumes, and
it also led to an increased occurrence of moss in the uncut plots.
Cutting supported forbs (largely), legumes (slightly, and only when
combined with intensive grazing), and mosses (largely, only when
combined with extensive grazing), and suppressed graminoids and

resulted in less dead biomass (only in extensive grazing).

B p I1G ICG EG ECG U

Functional group total biomass

Ratio: >3 cm/total biomass

Graminoid 44

Forb 44
Legume 46.1
Living 44
Dead 44
Moss 449

> 3 cm biomass

Graminoid 44

Forb 44
Legume 44
Living 44
Dead 44
Moss 44

6.51 <0.001 bc bc a b c
10.69 <0.001 d c c a bc
63.74 <0.001 a a c b d

3.6 0.012 c bc ab a bc

113.96 <0.001 d d b c a

7.2 <0.001 b b c a bc

9.82 <0.001 c c b b a
19.41 <0.001 c c ab b a

1.15 0.344 - - - - -
15.95 <0.001 c c b b a

6.97 <0.001 b b a a b

0.94 0.448 - - - - -

6.5929 <0.001 b b a a a
19.0508 <0.001 d c b ab a
27.80724 <0.001 a a b b c
10.6314 <0.001 b b a a a
40.608 <0.001 c c a b a

1.276594 0.293 - - - - -

Results are summarized by denominator degrees of freedom df (numerator df was 4 in all tests),

F ratio and p-value. Significant results (after table-wise Benjamini-Hochberg false discovery rate
correction) are highlighted in bold. Significant differences between treatments (for abbreviations,
see Table 1) in a Tukey test are indicated by different lowercase letters (alphabetic order represents
decreasing values of means, i.e. a represents the largest mean).
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FIGURE 2 The effect of treatments on the herbage ratio of
living biomass and dead biomass in two different sward layers
(<3 and >3 cm). Error bars indicate model-based 95% confidence
intervals. Different lowercase letters indicate significant
differences between treatments in a Tukey test. For treatment
abbreviations, see Table 1

Similar to the upper-layer biomass, cutting and its interaction with
grazing intensity had no effect on the vertical biomass distribution for
any of the functional groups (Table 3). In contrast, intensive grazing
significantly suppressed the proportion of biomass in the upper layer
in the functional groups of graminoids, forbs, living and dead biomass
(Figure 3c). Neither grazing intensity nor cutting management had any
significant effect on the vertical distribution of legumes or of mosses.

4 | DISCUSSION
4.1 | Successional development

The pPCA demonstrated large temporal fluctuations of functional
group composition. It is interesting that these fluctuations were similar
in all treatments, suggesting that they were not just random. A pos-
sible explanation could be changes and fluctuations in the environ-
ment (Leps et al., 2018), such as weather conditions within seasons
or climatic differences between years, which may benefit or suppress
individual functional groups regardless of the treatment. Similarly, a
study by Fischer et al. (2020) reported year-to-year changes in spe-
cies composition due to seasonal fluctuations in temperature and pre-
cipitation, confirming weather is a dominant driver of local vegetation
dynamics. For instance, Festuca rubra (one of the dominant grass spe-
cies in our experimental site), which has many ecotypes (Grime et al.,
1988) in comparison with other common grass species, is well adapted
to various abiotic conditions including drought. Its variability in time

can be explained by compensatory dynamic (Leps et al., 2018) in which

cover of species like Festuca rubra can increase even under dry condi-
tions (Titéra et al., 2020) while compensating for the possible decline in
cover of other species like Poa trivialis, which is less tolerant to drought
(Peeters et al., 2004). Gaisler et al. (2018) also reported similar results
from a long-term experiment (13 years) in which different functional
groups such as tall graminoids and tall forbs fluctuated without any
clear stable trend for any particular treatment. Despite the large vari-
ability in the present study, the main patterns found by pPCA largely
overlap with GLM results, and in just 2-3 years after the introduction of

management the succession was close to that of the final composition.

4.2 | Composition of total biomass

Several studies have reported on the impacts of grazing on plant
communities, especially in terms of the role of long-term grazing
in eliminating those species that are less resistant to the effects
of grazing (Dorrough et al.,, 2004). Therefore, the ability of plant
communities to respond to changes in the environment is heavily
affected by the grazing history, including changes to grazing inten-
sity (Mack & Thompson, 1982). After 15 years of different treat-
ments of grazing and cutting management at our experimental site,
aclear pattern was seen: both the IG and ICG treatments had a posi-
tive effect on total biomass of legumes, whereas forbs and grami-
noids, and also dead biomass, were present in greater amounts and
were apparently supported by the management of the ECG and EG
treatments.

Graminoids showed a remarkable dominance in terms of dry-
matter standing biomass throughout the 15-year experimental pe-
riod. This outcome can be explained by two effects: (a) the ability of
graminoids to suppress other functional groups like forbs, because
of their superior competitive ability (del-Val & Crawley, 2005); and
(b) the dominance of Agrostis capillaris, which is largely promoted
by grazing especially in grasslands of low productivity (Louault
et al.,, 2005). Hence, it outcompetes species that are less tolerant
of frequent defoliation (Gaisler et al., 2013). Grazing is generally
expected to increase the dominance or abundance of graminoids
(Puchetaet al., 1992). Frequent removal of the biomass of gram-
inoids, as occurs under grazing, stimulates sward regrowth by in-
creasing the amount of available light reaching the base of the sward
(Deregibus et al., 1985).

The highest amount of total dead plant biomass was found in
the undefoliated treatment. In the treatments with grazing, the
frequent cutting leads to regrowth and reduces the opportunity
for senescence of plant tissue. This outcome is not only unique
to temperate grasslands. Altesor et al. (2005) for grasslands of
Uruguay and Sala et al. (1986) for the Argentine Pampa also re-
ported similar findings, where grazed and ungrazed treatments
were compared. In addition, intensive grazing was able to reduce
the standing dead biomass in both layers and shift its allocation to
the lower layer, which ultimately helped to increase the living bio-
mass proportion by promoting overall growth (Balph & Malechek,
1985).
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TABLE 3 Result of general linear model for the effect of grazing intensity and cutting management in factorial design on the total
biomass, on the upper layer biomass (>3 cm) and the ratio of biomass in the upper layer (>3 cm) to total biomass for all functional groups

Functional group total

biomass

Effect df F p
Graminoid

Intensity 11 9.11 0.01

Management 11 7.05 0.02

Intensity x management 11 0.37 0.55
Forb

Intensity 11 19.15  <0.001

Management 11 184.6 <0.001

Intensity x management 11 0.21 0.65
Legume

Intensity 11 61.26 <0.001

Management 11 8.24 0.015

Intensity x management 11 3.04 0.108
Living

Intensity 11 7.52 0.02

Management 11 4.09 0.07

Intensity x management 11 0.38 0.55
Dead

Intensity 11 98.95 <0.001

Management 11 6.51 0.03

Intensity x management 11 8.68 0.01
Moss

Intensity 11 0.01 0.9

Management 11 20.68 <0.001

Intensity x management 11 36.81 <0.001

Ratio: >3 cm/total biomass >3 cm biomass

df F p df F p

11 14.99 0.003 11 15.22 0.002
11 0.44 0.522 11 4.19 0.065
11 0.39 0.544 11 0.002 0.960
11 20.78 <0.001 11 41.57 <0.001
11 4.68 0.053 11  52.64 <0.001
11 2.54 0.139 11 1.92 0.192
141 3.2 0.095 11  38.46 <0.001
14.7 0.43 0.52 11 1.49 0.246
14 0.00 1.000 11 2.89 0.117
11 18.83 <0.001 11 17.60 <0.001
11 0.57 0.466 11 0.18 0.681
11 0.02 0.896 11 0.23 0.641
11 18.4 <0.001 11 75.61 <0.001
11 0.2 0.663 11 4.30 0.062
11 0.1 0.76 11 2.25 0.161
11 2.04 0.18 11 1.66 0.224
11 1.37 0.266 11 1.85 0.200
11 0.00 0.954 11 0.48 0.501

Results are summarized by denominator degrees of freedom df (numerator df was 1 in all tests), F ratio and p value. Significant results (after table-
wise Benjamini-Hochberg false discovery rate correction) are highlighted in bold. See Figure 3 for effect directions.

The total amount of legumes (mainly Trifolium repens) found in
the undefoliated plots was very low. This may be attributed, at least
in part, to their low ability to compete for light unless their leaves
can reach the upper canopy of the sward. Thus, in the present study,
white clover occurred predominantly in the IG and ICG treatments
(Appendix S3). The explanation for its very low presence in unde-
foliated plots may, however, be highly complex as several factors,
including winter survival as well as competition for light and nu-
trients, are known to affect clover growth, flowering and survival
(Parsons and Chapman, 2000). Furthermore, when legumes are
present in swards under intensive management, some may be an-
nual species (such as Trifolium dubium in our experiment) that have
the advantage of continuing to survive by producing new seedlings
after established plants die or are removed by grazing livestock. The
strategy of annuals provides a survival advantage relative to peren-
nial plants that are grazed during their longer life cycle (Diaz et al.,
2007). This is, however, in contradiction with other studies such as

Matches (1992), who found that legume content was lower under

increased grazing intensity, whereas light grazing favoured legumes
rather than forbs or grasses (Qu et al., 2016). These disparities be-
tween different studies may be explained by differences in experi-
mental sites’ environments such as nutrient supply, water or light/
shade conditions (Milchunas & Lauenroth, 1993; Borer et al., 2014).
Especially leguminous species are generally known for their positive
response to P and K and negative response to the high inputs of N,
NP or NPK (e.g., Cop & Eler, 2019; Titéra et al., 2020).

The total biomass of mosses under the ECG treatment was rela-
tively high compared to that in the other managed treatments, and
this is attributed mainly to the inability of mosses to tolerate the
effects of trampling by grazing heifers (Ludvikova et al., 2014), espe-
cially for Rhytidiadelphus squarrosus, which is the dominant species
at the experimental site. Our result also showed treatment had no
effect on the upper layer (>3 cm) for mosses, which could imply they
are not really present in the upper layer neither in the managed nor
in the undefoliated plots (Table 2; Figure 3). Similarly, total forbs and

total graminoids were also more abundant, and total living biomass
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FIGURE 3 The effect of grazing intensity and cutting management on (a) upper layer biomass (>3 cm), (b) total biomass and (c) ratio
of biomass in upper layer (>3 cm) to total biomass of each functional group. Abbreviations on the x-axis and in legend: N = No Cutting,
C = Cutting, | = Intensive, E = Extensive. Error bars indicate model-based 95% confidence intervals. See GLM results in Table 3

was greater, in the extensive treatment. These findings are consis-
tent with results of Correll et al. (2003), who also found a higher pro-
portion of forbs under extensive grazing. It is well understood that
many forb species typically benefit from reduced grazing intensity
(Wahren et al., 1994). In our experiment, the most dominant forb
species are Taraxacum spp., which are generally shade-intolerant
species (Grime et al.,1988). In tall-growing swards, as represented
by the undefoliated plots in this study, the growth of forbs like
Taraxacum spp. is adversely affected by reduced light at lower sward
depths. However, many forbs are able to develop well under man-
agement with frequent defoliation (Louault et al., 2005; Pavlu et al.,
2007), and can adapt quickly to the changing trophic regime of soil

under extensive management.

4.3 | Vertical distribution of sward

Grazing intensity had strong and significant effects on the vertical

distribution of several functional groups. A high proportion of living

biomass in the upper layer was revealed by the analysis (Figure 2)
and this is a common phenomenon. As growing herbage gradually
reaches maturity, a greater proportion of green matter will be found
in the upper layer and dead biomass accumulates at the bottom layer.
The higher proportion of living biomass in the upper layer, compared
to the lower layer, raises another crucial issue in relation to experi-
mental procedures and field assessments. Several reported studies
have followed procedures of cutting or hand plucking close to the
ground level, or clipping biomass at the soil surface, as the basis for
determining herbage biomass per unit area (e.g., Grant et al., 1996;
Fleurance et al., 2016) or when sampling for forage quality (e.g.,
White et al., 2014). Procedures that include herbage samples from
the bottom layer that would normally be left ungrazed (<3 cm) could
potentially result in disputable conclusions being drawn with regard
to overestimation of the available biomass or the accuracy of forage
quality.

The higher allocation of dead material to the upper sward layer
under extensive grazing, with the resulting taller sward, was con-
sistent with Wright and Whyte (1989), who also found a higher
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proportion of dead material with increasing sward height, and also
with Bircham and Hodgson (1983), who identified higher rates of se-
nescence in tall swards, typical for extensive grazing management
and for ungrazed plots. In contrast to the high proportion of total
biomass of forbs under extensification, more forbs were allocated
to the upper layer in undefoliated plots and there was lower forb
biomass under both the intensively grazed treatments (ICG > IG).
This can be attributed to more grazing-tolerant species occurring
within the forbs group and appearing frequently in the grazed areas
(Bermejo et al., 2012). This different response by forbs as a func-
tional group may possibly be explained by the heterogeneous fea-
tures and wide range of morphological traits of the group, thereby
enabling species within the group to respond to the various distur-
bances or conditions (Bermejo et al., 2012).

Similarly, more graminoids were found in the bottom layer of
almost all treatments except the undefoliated plot. This could be
explained by the effects of long-term grazing on the study site, as
grazing results in the removal of leaf material from the upper layers
of the sward, thereby reducing the canopy height, and in the long
term it affects the competitive balance within the community so that
shorter-growing species replace taller species (Fahnestock & Detling,
2000). Thus, the sward composition evolves with selection for spe-
cies that are well suited to survive or are adapted to intensive grazing.

In contrast, management (cutting or non-cutting) had no discern-
ible effect on the vertical distribution or on the upper-layer biomass
(except for forbs) of any of the functional groups, although it had
significant effects on the total harvested biomass. This is mainly be-
cause the increased frequency of defoliation rather than the type of
defoliation (such as cutting in spring) influences total biomass more,
increasing the densities of all sward components like grass tillers
(Pavlli et al., 2006b).

A limitation to the study is the choice of a broad functional
group approach for the samples collected in the two layers.
Although all species within a functional group will not behave the
same, it was not possible to collect the data at the species level.
This is mainly because identifying species in the lower layer is
nearly impossible after the top layer is already cut or sampled. Due
to this, it was not possible to evaluate the species richness and
detailed botanical composition in relation to the vertical distribu-
tion. However, a study by Pavlu et al. (2007) and Pavlu et al. (2016)
conducted at the same experimental site concluded that grazing
and cutting management has changed the plant species composi-
tion, leading to an increased proportion of short grasses and pros-
tate forbs. Specifically, tall forbs (such as Aegopodium podagraria,
Galium album, Senecio aggr.) and tall grass (such as Alopecurus
pratensis, Elytrigia repens) were more abundant under U treatment.
Dactylis glomerata, Festuca rubra aggr. and Phleum pratense were
largely supported by both grazing treatments (IG and EG), while
Agrostis capillaris, Taraxacum spp., Trifolium repens, Ranunculus acris
and Cirsium vulgare were supported by both cut treatments (ICG
and ECG). Overall, this study benefits from the long-term experi-
mental data. Due to the multifunctionality of grasslands, environ-

mental and biodiversity outputs require long-term studies, since

§ Applied Vegetation Science EELE:

processes in soil, vegetation and microorganisms are long-term in
relation to any change in management (Lemaire, 2007).

Regarding the applicability of our results to other grazing ani-
mals in different grassland types, more research may be necessary
due to differences in site conditions such as climate, plant com-
position, biomass productivity and anatomy of the grazing animal.
For instance, cattle and sheep have different requirements for
forage quality and selectivity which can be influenced by vegeta-
tion composition and diversity (Wrage et al., 2011). Furthermore,
characteristic anatomical differences such as in the mouth and
tongue allow sheep to graze close to the ground on top of their
considerable selectivity for high-quality plants (Rook et al., 2004).
Hence, these grazing differences between different grazers may
have different effects on the vertical distribution and require fur-

ther investigation.

5 | CONCLUSION

The final composition of functional groups 15 years after the intro-
duction of management at the experimental site was similar to that
reached in the first three years, although large temporal fluctuations
were still observed subsequently. Long-term studies are therefore
needed to evaluate changes in community structure. Treatments
significantly affected total biomass and upper-layer biomass of
all functional groups and the vertical distributions within swards
of most groups. In addition, large proportions of biomass from all
functional groups (except mosses and legumes) were allocated to
the upper layer in undefoliated swards and swards under extensive
management. Intensity of management was found to be the key
driver affecting the vertical distribution of the groups, whereas type
of defoliation (grazing or cutting) had little effect. Although similar
patterns were observed between upper biomass, total and the ra-
tios, the trends are much more pronounced in the upper layer when
the bottom layer biomass was excluded from the analysis. Given the
high proportion of live biomass in the upper layer and the high pro-
portion of dead biomass in the lower layer, we suggest that careful
biomass sampling procedures are needed to take account of differ-
ences in the different layers of a sward, and thereby ensure accurate
results are provided to support appropriate management strategies
for both agricultural utilization and other objectives such as nature

conservation.
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