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Abstract

Species from different functional groups when grown together can produce higher biomass yield compared
to the respective monoculture yields of component species, a phenomenon known as overyielding,. This
paper reports on yield effects from a mulrti-species sward (MSS) plot study in Northern Ireland and
reviews likely explanarions of overyielding. Two contrasting seed mixrures were sown in replicated plot
trials in 2019, along with their component species as monocultures. NoGrass contained chicory, plantain,
white clover and red clover. GrassMix contained tall fescue, cocksfoot, timothy, late heading perennial
ryegrass and white clover. NoGrass produced a higher dry matter yield (£<0.05) in 2021 than all of its
components, with the exception of the red clover component (12.2 t dry matter (DM) ha'l; red clover
11.2 ¢ DM ha!). GrassMix also exhibited overyielding for dry matter production compared with its

component varieties. Further research is needed to explain this Dvcr}'ielding phenomenon in MSS.
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Introduction

Multi-species swards (MSS) could make an important contribution to sustainable livestock farming
systems. Various studies have shown that mixrures of species with differing characteristics can produce
greater yield than either the weighted average of the respective monocultures of the component species
(Finn et al., 2013; Sanderson e al., 2004) or the bcst—pcrforming monoculture. Explanation of such
overyielding could be partly due to the respective use of resources, above and below ground characteristics
of the component specics as well as the effects of symbiotic nitrogen fixation (Suter e# al., 2015) in
mixrures of funcrional groups of species such as grasses, lcgumes and herbs. The aim of this study was to
investigate overyielding in MSS plot trials in Northern Ireland.

Materials and methods
The study, which lasted for 28 weeks in each of 2 consecutive years at AFBI Loughgall (54°27'N,

6°04"W), was composed of 3 replicates of 16 treatments comprising 8 treatments of clover and herb
monocultures and 1 clover/herb mixture (NoGrass= chicory, plantain, white and red clover) and 8
treatments of grass monocultures and 1 multiple grass species mixture (GrassMix= tall fescue, cocksfoor,
timothy, late heading perennial ryegrass and white clover). Two fertilizer regimes were applied: NoGrass
and clover and herb monocultures received an early March application only (83 kg ha! N; 88 kg ha’l
P,Og;71 kg ha'l KEO); GrassMix and grass monocultures received the equivalent March application and
a June application (total of 155 kg ha™! N; 88 kg ha! P,04; 110 kg ha! K,0) to reflect typical industry
practice for grass-based swards. P,Oq and K, O fertilizer was applied to maintain soil P and K at target
Index 2, as per RB209 soil nutrient index values (AHDB, 2021). Plots were managed under a simulated
grazing regime, with 8 sampling dates for herbage yield during the growing season, taken from early
April to late October each year with harvest dates determined by sward height (target of 15 cm above
ground level). Herbage was defoliated to 75 mm stubble height using a plot harvester (Haldrup, F55)
and regrowth intervals ranged from 18 to 32 days. Fresh weight yields were recorded in 2020 and 2021
(not presented), with dry matter yields calculated in 2021 only. Analysis of Variance was applied to assess
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the effects of variety and mixture on yield using Genstat (VSNi, 2017). Means were separated by Fisher’s
least significant difference (LSD) test at P<0.05.

Results and discussion

Grange ef al. (2021) has described the effect by which mixtures can produce higher yield than any of
their constituent components as transgressive overyielding. In 2021, NoGrass produced higher dry matter
(DM) yield (P<0.05) than all of its components (Figure 1), with the exception of red clover variety A
(NoGrass 12.2¢ DM ha''; red clover A 11.2 t DM ha™!); Chicory had the lowest yield in 2021 (6.2 t DM
ha'!). GrassMix also exhibited overyielding for DM yield in 2021 (Figure 2), yielding 11.0 t DM ha!
compared to an average of 8.7 t DM ha! for the component varieties which is in keeping with the study
of Vojtech ez al. (2008), which showed that mixtures of grass species with differing foliar architecture can
improve overall Iight interception and biomass production compared with monocultures. Overall, these
results demonstrate that transgressive overyielding can occur when contrasting species are grown together
in herb/legume and in grass/legume combinations. That NeGrass was the highest yielding treatment
with only two functional groups present could suggest that combining species with contrasting traits
may be more important than the number of functional groups present. Asynchrony in shoot growth
of component species has been considered to be more important for yield than mixing species with
contrasting foliar architecture (Husse, 2016). By contrast, Lorenz ez al. (2020) found that increasing
species diversity did not increase yield, as some species were replaced by others with similar functional
traits. It is also noteworthy that NoGrass out-yielded GrassMix and all of the grass monocultures despite
the slightly higher fertilizer N applied (83 and 155 kg ha™! N respectively), which is in keeping with
Grange et al. (2021), for whom higher fertilizer N perennial ryegrass monocultures (300 kg ha' N)

yielded less than the most species-diverse mixture.

Conclusions

In gener:ﬂ, lcgumc—hcrb and grass—lcgume species combinations yielded more than their components
grown as monocultures. It would appear that functional group composition could be more important
than the number of species present for overyielding to occur. The factors controlling overyielding are
not fully understood but asynchrony of growth patterns may be more important than contrasting foliar
architecture, which will require further research to establish. Further research is also rf:quircd to verify
the productivity of diverse mixtures particularly under both conservation and grazing conditions, and at
varying fertilizer rates, to more fully understand their yielding characteristics, along with yield stabilicy
and herbage quality in order ro caprure the full potential of MSS for sustainable livestock farming systems.
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Figure 1. Dry matter yield (t DM ha™) of NoGrass and component varieties. WC = white clover; L = large leaved; M = medium leaved; PRG =
perennial ryegrass; Int = intermediate maturity; Late = late maturity; LSD = least significant difference.

Yield (t DM ha'')

No Grass
Red Clover
WC A (L
WCBIL
Plantain
Red Clover
WC C(M
Chicory

458 Grassland Science in Europe, Vol. 27 — Grassland at the heart of circular and sustainable food systems



LSD (0.05) = 0.828

12{_
EB_ i I
=
o 6
s 4|
o
= 2
0-""---- —_— e
53 3z : 3§ 3¢ ¢ 3
< o =~ = £ T T g
g Euxgﬂ—- g
s 2 99 = o 9 c &
s = = F e & = & @
0] = o = i
L] ]
[ -

Figure 2. Dry matter yield (t DM ha™) of GrassMix and component varieties. WC = white dover; L = large leaved; M = medium leaved; PRG =
perennial ryegrass; Int = intermediate maturity; Late = late maturity; LSD = least significant difference.
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