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Abstract

Resistance and resilience of grasslands to disturbance is crucial in grassland-based production systems.
Here, we investigated the effect of simulated trampling in a field experiment using six key forage species
of temperate productive grasslands: two grasses, two legumes, and two herbs. Grassland communities
were established by varying species richness and composition, and two trampling events were applied
by a device simulating the pressure of adult cattle claws and treating on average 30% of the area. Total
community yield was then harvested three times until the end of the growing season and compared
to a non-trampling control. Six weeks after trampling, species-specific yield reductions were observed
with grasses being least affected (−4%), followed by legumes (−27%) and herbs (−37%). Mixtures
generally outperformed the monocultures’ average, and the six-species mixture yielded more under
trampling than the grass monocultures under control conditions. Nineteen weeks after trampling, at
the end of the growing season, all communities recovered and no trampling effect was observed. We
conclude that multispecies mixtures comprising grasses, legumes, and herbs enhance short-term yield
resistance and are largely resilient to trampling events.
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Introduction
Resistance and resilience of grasslands to disturbance is crucial in grassland-based ruminant production
systems. Livestock can cause damage to grasslands through trampling and indeed, yield reductions
from trampling in field trials are reported to range from 7 to 88% in productive grasslands (Drewry et
al., 2008). However, in livestock grazing trials, a consistent trampling effect across the experimental
area can hardly be achieved, and the direct effects of trampling on plant growth can generally not be
distinguished from the indirect effects caused by trampling-induced poorer soil properties (Greenwood
and McKenzie, 2001). For a consistent assessment, a mechanical device should be used so that the
trampling damage could be applied in a standardised manner.

In sown grasslands, the benefits of grass–legume leys are well documented (e.g., Nyfeler et al., 2011;
Finn et al., 2013; Suter et al., 2021). However, less is known about the benefits of including herbs into
leys and the use of multispecies mixtures. So far, grass-legume-herb mixtures have revealed additional
benefits in terms of yield (Cong et al., 2018; Grange et al., 2021) and improved animal health and
performance (Grace et al., 2019). However, the yield response of multispecies mixtures to trampling
remains unknown.

To this aim, we set up a field experiment with multispecies, intensively managed grasslands using
grasses, legumes, and herbs. A device was constructed with rollers on which metal blocks were
mounted, allowing the application of a standardised ground pressure to the sward. We wished to
know (1) whether trampling affected the single species’ yields differently, (2) whether multispecies
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mixtures reduced trampling losses observed in monocultures, and (3) whether trampling effects were
still observed at the end of the growing season.

Materials and methods
The field experiment was located in Northern Switzerland near Zurich and included two species from
each of three functional groups: Lolium perenne (L.) and Phleum pratense (L.) (grasses), Trifolium
repens (L.) and Trifolium pratense (L.) (legumes), and Cichorium intybus (L.) and Plantago lanceolata
(L.) (herbs). Communities were established in mainplots (63 m2) by systematically varying species
richness and composition following a simplex design, which resulted in 39 different communities with
sown species richness ranging from 1 to 6. One randomly selected half of the mainplots was assigned
to either the control or the trampling treatment, resulting in a split-plot design. Monocultures and the
six-species mixture were set up in two replicates, with a third replicate for the non-trampling control.
Trampling was simulated by a motorised device consisting of two front rollers on which metal blocks
were mounted to simulate the pressure of adult cattle claws. Two trampling events were applied (8 and
30 May), treating on average 30% of the designated subplot area. After the second event, aboveground
biomass of a central plot strip was harvested three times until the end of the growing season and dried
to constant mass (hereafter ‘yield’).

Repeated measure linear mixed-effects regression with mainplot as a random factor was used to analyse
the trampling effect on yield of all communities six weeks after treatment (resistance) and at the end
of the growing season (recovery). Here, we present results on monocultures and the six-species equi-
proportional mixture, reflecting the range of species richness and a typical outcome of trampling effects
on communities in the experiment.

Results and discussion
Six weeks after the second trampling event, yield of monocultures was impaired on average by −23%;
however, yield reductions were species specific with grasses being least affected (−4%), followed by
legumes (−27%) and herbs (−37%) (Figure 1). T. repens (−41%) and T. pratense (−13%) differed in
their trampling response, which might be explained by the species’ differing morphological character-
istics (Black et al., 2009).

The six-species equi-proportional mixture revealed only a marginal trampling effect of −3% and
yielded significantly more than the average of the monocultures under control (P < 0.001) and tram-
pling (P < 0.001) conditions (Figure 1). More important, the six-species mixture had yields at least
as high as the best performing monoculture, T. pratense, evident under control and trampling condi-
tions (Figure 1; P > 0.1 for both conditions). However, a T. pratense monoculture would not typically
be a sward to be compared with under grazing conditions. Therefore, we compared the six-species
mixture with the most resistant grass monocultures and a 50:50 L. perenne-T. repens mixture set up
in the experiment, both being more convenient sward types for grazing (Grace et al., 2018). Here,
the six-species mixture under trampling outperformed the two grass species (P < 0.001 each) and
the L. perenne/T. repens mixture under control conditions (P < 0.001), indicating a clear mitigation
effect of multispecies mixtures to trampling. The strong performance of the six-species mixture under
trampling was explained by beneficial interactions between legumes and each of grasses and herbs,
resulting in a smaller overall impact of trampling.
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Figure 1. Yield of sown grassland communities under non-trampling control (n = 3) and trampling conditions (n = 2) six weeks after treat-
ment application. Monocultures: Lp, L. perenne, Pp, P. pratense, Tr, T. repens, Tp, T. pratense, Ci, C. intybus, Pl, P. lanceolata, 6sp GHL, 6 species
grass/legume/herb mixture sown in equal species proportions (for each species 1/6 of the seed weight needed to establish a monoculture).
Displayed are means± 1 SE. ***P ⩽ 0.001; **P ⩽ 0.01; ns, not significant.

Nineteen weeks after the trampling events, at the end of the growing season, all communities recovered
and no trampling effects were observed (P > 0.2 for all, no figure shown). Yet, in that final cut, the
six-species mixture still outperformed the average of monocultures and the 50:50 L. perenne/T. repens
mixture (P < 0.001 each) and had yields as high as the best-performing monoculture (T. pratense).

Conclusion
We conclude that multispecies mixtures comprising grasses, legumes, and herbs enhance short-term
yield resistance and are resilient to trampling events.
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