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Abstract

Weed suppression was investigated in a field experiment across 31 international sites. The study included
15 plant communities at each site, based on two grasses and two legumes, each sown in monoculture
and 11 four-species mixtures varying in the relative proportions of the four species. At each site, one
grass and one legume species was selected as fast establishing and the other two species were selected for
persistence. Average weed biomass in mixtures over the whole experiment was 52% less (95% confidence
interval, 30 to 75%) than in the most suppressive monoculture (transgressive suppression). Transgressive
suppression of weed biomass persisted over each year for each mixture. Weed biomass was consistently
low and relatively similar across all mixtures and years. Average sown species biomass was greater in all
mixtures than in any monoculture. The suppressive effect of sown forage species on weeds in mixtures
was achieved without any herbicide use. At each site, weed biomass for almost every mixture was lower
than the average across the four monocultures. The average proportion of weed biomass in mixtures was
less than in the most suppressive monoculture in two thirds of sites. Mixtures outyielded monocultures,
and mixture yield comprised far lower weed biomass.
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Introduction

A major challenge to agroecosystems is to increase agricultural production to meet an increased demand for
food production (Liischer ez al,, 2014) while sustaining the environment and flexibly adapting to climate
change. The use of multi-species mixtures (plant diversity) in intensively managed systems has been proposed
as one strategy to improve agricultural sustainability. Plant diversity potentially provides a substitute for
many costly agricultural inputs (Isbell ez 4/, 2017). Here we focus on the use of plant diversity to suppress
weed biomass in intensively managed grasslands. Uncontrolled weed growth can represent a major source of
inefficiency, diverting nutrients, water, light and labour to an undesirable form of biomass, while herbicide
use incurs significant environmental and economic costs. In pastures, weeds can impair forage quantity and
quality resulting in reduced animal production, and increase the need for reseeding with its consequent
costs. If diversity helps in maintaining a low level of weeds in pastures (and increases yield) it can increase
the sustainable production of higher quality forage compared to systems relying on monocultures.

Using data from the 31-site Agrodiversity field experiment (Kirwan ez 4/, 2014) which used four-species

mixtures (two grasses and two legumes), we addressed the following questions:

1. Do monocultures of grassland species differ in their suppression of weeds?

2. Are weeds transgressively suppressed by mixtures of grassland species? (Weed biomass in mixture being
less than weed biomass in the most suppressive monoculture.)

3. Isweed suppression by mixtures affected by differences in species’ relative abundance?

4. Isvariation in weed biomass less in mixtures than in monocultures?

Materials and methods

We conducted a co-ordinated continental-scale field experiment across 3 1sites to investigate these questions.
At each site the study included 11 four-species mixtures, varying in the relative proportions of two grass
and two legume species. The four species were also sown in monoculture. The four species used were not
the same at all sites, at each site species were selected that suited local conditions, the two grasses being
selected from non-fixing grasses Dactylis glomerata L., Festuca arundinaca, Lolium perenne L., Lolium
rigidum L., Phleum pratense L., Poa pratensis L. and the two legumes from N,-fixing species, Trifolium
repens L., Trifolium pratense L., Trifolium ambiguum L., Medicago sativa L., Medicago polymorpha L. At
cach site, one grass and one legume species was selected as fast establishing (G and L) and the other two
species were selected for persistence (Gp and L;,). Mixtures were designed to reduce reliance on fertiliser
nitrogen. We first summarised information on the suppression of weed biomass across the 15 communities
for each of the three years and across years. We tested at each site for transgressive suppression of weeds. To
address questions 1 to 4 we used a version of diversity interactions modelling (Connolly ez 4/., 2013). This
uses a mixed model to relate weed biomass per plot to sown proportions of each of the four species and also
includes a diversity effect to estimate the effect of various mixtures on weed yield.

Results and discussion

Previously, we showed strong effects of plant diversity in enhancing total biomass, biomass of sown species
and N capture across the 11 four-species grass-legume mixtures (Finn ef 4/., 2013; Suter ¢t 4/., 2015). Here,
we summarise results from Connolly ez 4/. (2017) showing similar strong effects of mixtures on weed
suppression in the same experiment.

Averaged across all sites, weed biomass in mixtures over the whole experiment was 52% less (95% confidence
interval 30 to 75%) than in the most suppressive monoculture (transgressive suppression). Transgressive
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