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Plant diversity in i
agricultural grasslands =~
— a sustainable
adaptation option to
climate change?

Key external stakeholders:

Practical implications for stakeholders:

Main results:

e Higher productivity of grassland mixtures compared to monocultures was maintained under drought
conditions, as predicted in future climate change scenarios. Mixtures consistently yielded more than
the average monoculture, and more than the Lolium perenne monoculture. This yield of mixtures
was sufficiently large that drought-stressed mixtures at least matched the average yield of the rain-
fed monocultures in control conditions.

e This increased productivity could be attributed to the relative increase in symbiotic nitrogen fixation
and soil nitrogen utilisation in mixtures of legumes and non-legumes.

o Different species relied on different soil depths for their water and nutrient uptake; however, this
could not be related to increased resource uptake in mixtures compared to monocultures.

Opportunity / Benefit:
Results and insights gained from this project may inform the design of more sustainable grassland
production systems that are better able to withstand or recover from extreme weather events.
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Future scenarios of climate change predict an increase in weather volatility (extreme events such as drought
and excessive rainfall). These changes are already underway, and pose serious challenges to lIrish
grassland production systems as they significantly impact yield and yield stability (resistance to and recovery
from stress). There is increasing evidence for the benefit of grassland mixtures compared to monocultures
both in terms of biomass production and increased stability in response to stress. Additionally, the inclusion
of legumes has the potential for reducing fertiliser inputs and hence increasing sustainability. However,
significant knowledge gaps remain in the understanding of the mechanisms that underpin the observed
effects and the applicability of these systems under the predicted change scenario.

e Does increased species diversity in grassland result in higher productivity under ambient and
drought conditions?
e If so, can we explain this effect of plant diversity through utilization of soil water and nutrients?

We conducted two experiments in Switzerland in which we compared the productivity of four grassland
species grown in monoculture or mixture. The four species were selected based on their ability for symbiotic
N, fixation (legumes or non-legumes) and rooting depth (shallow-rooting or deep-rooting). During the
summer, half of the plots were covered by drought shelters for ten weeks, to simulate moderate summer
drought conditions.

We developed and applied a number of tracer methods using trace elements (rubidium) and stable isotopes
(N, *®0, °C) to investigate: the processes resulting in over-yielding in mixtures compared to monocultures;
the contribution of symbiotically fixed nitrogen to total nitrogen uptake, and; whether there is increased water
and nutrient utilization by combining deep and shallow-rooting species in mixtures.

On average, mixture yields were 40-50% higher than monoculture yields, and the advantage was maintained
under drought conditions. This benefit of mixtures was sufficiently large that drought-stressed mixtures at
least attained the same yield as the average of the rain-fed monocultures in control conditions.
Our tracer methods showed that
1) Total biomass and nitrogen yields were higher in mixtures compared to monocultures. Legumes
increased their N fixation activity when the availability of N in the soil was lower (i.e. under drought
conditions and when grown in mixtures) and this resulted in a higher soil N availability for the non-
legumes.
2) The different species relied on different soil depths for their water and nutrient uptake, however, this
did not result in increased nutrient uptake in mixtures compared to monocultures.

Drought conditions are predicted to occur more frequently in future climate change scenarios. This research
showed that the vyield benefit (40-50%) of growing grassland mixtures compared to monocultures is
maintained under drought conditions. The ability of drought-stressed mixtures to at least match the yield of
the average of the rain-fed monocultures in control conditions indicates the adaptation potential of multi-
species mixtures to changing weather conditions due to climate change.We gained new insights into the
mechanisms behind this diversity effect, which can inform and improve the design and composition of
grassland mixtures as an option for adaptation to climate change.
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