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Impacts of future climate scenario and summer extreme events on perennial grassland

At the end of the century, climate scenarii predict increases of air temperature as well as a decrease of summer precipitations (IPCC 2007). These mean changes will probably be associated with the occurrence of extreme event such as 2003 heat wave. In this context, ecosystems processes could change punctually, irreversibly as well as progressively. So services of permanent grassland, such as forage supply for ruminants in quantity and quality, high level of biodiversity and high quantity of soil C storage, could be affected. We want to study in situ how these main services are modified by climatic changes and how grassland ecosystem is resilient after summer extreme.

Four regionalised climatic scenarii (CN: Control without extreme; CX: Control with extreme; TN: 2050 without extreme; TX: 2050 with extreme) are applied in field conditions for 2 years in an upland permanent grassland (Auvergne, France, 900m a.s.l., 8.7°C and 856mm mean annual temperature and rainfall). Two cutting frequencies are applied to mimic grassland management and to observe how climate changes interact with anthropic factors. Frequent cut (F) represents an intensive management with 6 cuts per year, infrequent (I) cut represents extensive management with only 3 cuts per year. All treatments are established in 4 replicates (3 x 3 m). Microclimate is modified with curtains that are opened at night and during rainfall events. This allows increasing night-time air temperature and controlling precipitations (Beier et al 2004). This system is able to increase significantly night-time soil and leaf temperature (+0.8°C; +2°C respectively) and daily soil and night-time air temperatures (+0.5°C) under optimal environmental conditions. From March to October 2009, this experimental system was used at 75% due to environmental constraints. Due to snow fall in winter 2009, the system was stopped and start again in march 2010. Extreme treatments (CX; TX) were characterised by a progressive decrease of precipitations in June 2009 and a prolonged drought (-70mm) until august 31th combined with 2 weeks of heat waves (+6°C of daily mean temperature) in July. Heat waves was controlled by active warming system using infrared heaters (Kimball, 2003).
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During extreme event, soil respiration of CX and TX treatments rapidly declined. This effect was maintained until October for the scenario treatment (TX) while for the actual climate treatment (CX) resilience of soil respiration occurred 9 days after the end of extreme event. Under future scenario without extreme (TN) lower soil respiration is observed at the end of July due to lower rainfall amount (lower soil water content; SWC), despite higher soil temperature due to nighttime warming treatment. In November, lower soil respiration was observed on CN scenario compared to TN, as SWC was not limiting (>20%). In spring 2010, soil respiration of CX and TX were equal but higher in TN treatment. In conclusion, increase of soil respiration in response to 2050 scenario without extreme event is highly related to SWC. Soil respiration of our grassland ecosystem was resilient to the applied extreme event but was slower in 2050 scenario.

The summer extreme event (precipitation reduction and air warming) had pronounced effects on above-ground biomass production, functional group composition and soil respiration of grassland ecosystem. Management by cutting influenced the grassland resistance to the summer extreme event. However, these effects were reversible one year after, both under actual and future climate. More data on forage composition (carbohydrates, digestibility, cell walls) are needed to assess the total resilience of this ecosystem. How the species responded to the applied treatment is necessary in order to adapt permanent grassland in a future climate.

Active warming by infrared heaters

In June 2009, infrequent cut management was more productive than frequent management and mainly composed of grasses (94%). Competition for light, higher in infrequent cut, explains legumes and forbs decline. After heating in July 2009, there was no biomass production on both CX and TX treatments, all the vegetation was senescent except two species (T. officinalis, D. glomerata). In August, actual climate scenario (CX) allowed better ecosystem resistance than the future one (TX) where biomass production was very low. Forbs became dominant on all treatments, legumes disappeared on TX treatment due to Trifolium repens mortality. Dominance of T. officinalis (forb) after extreme was probably due to its deeper roots and higher carbohydrates storage ability. In November, only vegetation under actual climate (CN, CX) and infrequent cut produced above-ground biomass, with dominance of grasses and disappearance of legumes. In 2010, above-ground biomass and functional group composition reach values of Spring 2009, meaning that resilience of grassland to scenario and summer extreme event was reached in frequent and infrequent cut. 

Difference of air and soil temperatures between scenario (T) and control (C) treatments during night-time