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Effects of extreme drought on grasslands
Evaluation of the buffering effect of plant diversity
using an experimental approach

P. Heandez" and C. Picon-Cochard

INRA, URBT4, Grassland Ecosystem Research, 5 chemin de Beaulieu,
63039 Clermont-Ferrand (France)
“e-mail: pauline hermandesi@clermont.inra.fr

Abstract. The frequency and magnitude of extreme drought events are expected to increase with climate
change. Consaquently, it is important lo assess the ability of temperale grassland to resist and recover from
mare frequent and intense drought stress. To study this lopic, we established a mesocosm expedment in
autumn 2012: large pots (100 L) containing combinations of grassland species (1, 2 or 5 species) were
placed on weighing scales to conlinuously measure the actual evapotranspiration of the plant canopy.
Species selected (four grasses and one legume) weare representative of termperate upland grasslands on fer-
file soils. An extreme summer drought was applied to half the pots and plant recovery following rewetting was
monitored. Total biomass and evapolranspiration were analyzed o test the effects of species diversity on the
resistance and recovery of grasslands to extreme drought. As expected, drought dramatically reduced by
T9% biomass of all mixtures. The 5 species mixtures showed higher drought avoidance by maintaining infe-
grated water-use efficency and took up water al deeper soil layers than the less diverse mixlures during
drought. These findings indicated that buffering effect of diversity during drought occurs for the S-species mix-
tures, possibly due fo below-ground niche differentiation. This study emphasizes the high capacity of grass
species mixiures o recover afler an extreme droughl.
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Effet d'une sécheresse extréme sur I'écosystéme prairial ; évaluation du role tampon de [a diversité
vigéiale par approche expérimentale

Résumé. Avec le changement climaligue la frdéguence el lampleur des phénoménes extrémes de lype
sécheresse devraient augmenter. Dans ces condifions, # est imporiani d'évaluer la capacité des praires de
mayenne moniagne & résister ef 4 récupérer de siress plus fréguents et plus infenses. Une expénence en
mésocosmes a donc & mise en place & Fautomne 2012 © de grands pols (100 L) contenant des culfures
d'espéces prainales (1, 2 ou 5 espéces) onf &fé placés sur des balances permetfant de mesurer en conding
Févapotranspiration réelle du couvert végélal. Les espéces séleclionnées (quaire graminées ef une légumi-
neuse) sont représentatives des praires permanemntes fertiles de moyenne montagne. Une sdcheresse axtri-
me estivele & &lé simulée sur la moitié des pots, pwis les culiures ont &lé réhydratées pour suivre lewr capa-
cité de récupération. La biomasse folale ef M'évapolranspirafion ont éié analysées pour tesfer les effefs de la
diversild en espéces sur la résistance el la rdcupération des praines 4 une sécheresse exiréme. Comme
atfendu, la secheresse a considérablement affecle fous les mélanges avec une réduciion de omasse de
79%. Pendant la péniode de sécheresse les mélanges 4 5 espéces montrent un évitement plus margué gue
lez mélanges moins diversifids nolamment avec un maintien de lewr efficience d'utiisation de l'eaw ef un pré-
levement de Neau dans des couches plus profondes du sol. Ces résulials indiquent que FMeffef fampon de &
diversité lors de la sécheresse apparall powr les mélanges 5 espéces, probablement en raison de la diffé-
renciation de niches au niveau soulerrain. Celle élude souligne la grande capacilé de récupédralion des
melanges d'especes prainales apres un évenement de secheresse exfréme.

Mois-clds. Sécheresse — Résisiance — Résiience — Diversité — Complémentanié fonctionnelle.
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| — Introduction

The frequency and magnilude of extreme drought events are expected to increase with climate
change. Bayond a certain threshold, these extreame events can alter the resistance and resilienca
of grasslands, modifying grassland productivity and/or forage quality. However, the ability of grass-
land communities to resist and recover from more frequent and intense drought stress evenls
remains unclear. According fo the insurance hypothesis (Yachi and Loreau, 1983), diversity pro-
motes resistance and resilience to stress, and this effect should be maintained under climate
change (Vogel ef al., 2012). In the present experiment, we assess the buffering effects of species
diversity on the resistance and recovery of grasslands to extrermne drought, and examine the
mechanisms involved (between-plant facilitation or complementarity).

Il = Materials and methods

The mesocosm experiment was established in autumn 2012. Large cylindrical pots (100 L, 93 cm
deep and 37.5 cm diameter) were filled with grassland soil and equipped with soil waler content
sensors (ECHO-5, Decagon, LISA) at three depths (15, 30, 50 cm). Monocultures, binary and
five-species mixtures were established by planting mature plants in autumn. Species selected
were representative of temperate fertile upland grasslands: Daclylis glomerata, Festuca arundi-
nacea, Poa pratensis, Trisetum flavescens and Trifolium repens. Five types of monocultures, ten
types of binary and one mixture of five species were established, each pot initially containing 30
individuals with an equal proportion between species in mixtures. In spring of the following year,
the pots were placed on weighing scales to continuously measure the evapotranspiration of the
plant canopy. In total, 96 pots were set up: two treatments (control and drought) and six repli-
cales by type of mixture. Following mesocosm establishment, all pots were maintained at 80%
of the field capacity by watering or rainfall for eight months. In June 2013, an extreme summer
drought lasting two months was applied to half of the pots (3 pots by type of mixture). This
extreme event was simulated by a total rainfall interception from mid-June to mid-August (Fig. 1).
The remaining pots (control freatment) were imigated io maintain soil water content at 80% of
field capacity for the duration of the expenment. Mesocosms were managed by cutting to 5 cm
at five dales from April to Oclober (Fig. 1). During the drought {July culting date), only the con-
trol pots were cut. All biomass samples were oven-dried (48 h, 60°C) and weighed.
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Fig. 1. Time course of the experiment. Red bar corresponds to period of drought.

Cutting dates were used to define three major periods of vegetation biomass production (g m=)
during the experiment: before the drought (between 04722 and 05/21), during the drought (bebween
05/21 and 08/12) and after the drought (between 08/12 and 10/06). Integrated water-use effi-
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ciency (WUE, g kg') was calculated as the ratio of biomass to cumulative evapotranspiration for
each period. Data on biomass production, evapoiranspiration, WUE and soil moisture were used
to assess the resistance and recovery of the different mixtures to a severe drought, and to study
the potential buffer role of plant diversity. Slalistical analyses were performed using mixed effect
models with the sofiware R (R Development Core Team, 2009).

Il - Results and discussion

Before drought, biomass and WUE were similar for 1, 2 and 5 species mixtures (Fig. 2a). As
expected, biomass produced during the drought was significantly lower in the drought treatment
compared with the control (average -79%). Diversily treatments had no significant effect on bio-
mass production during drought (Fig. 2b).

Linlike biomass, WUE showed a significant drought x diversity interaction, with smaller drought-
induced decreases in WUE in the 5-species mixture (Fig. 2f). This result could indicale a greater
resistance to drought for S-species mixtures in terms of WUE, and is consistent with the idea of
a buffering effect at high species diversity.

In the control treatment, S5-species mixtures had lower soil moisture values at 15 em (P1) soil
depth throughout the experiment compared with the 1 and 2 diversity levels (Fig. 3). But during
the drought, the largest decrease of soil moisture was observed at 30 cm (P2) and 50 cm (P3)
for the 5§ species mixture (Fig. 3.c). In case of less diverse mixlures, this decrease was more
important at P1 and P2 (Fig. 3.a, 3.b). These findings indicate thal the more diverse mixiure look
up water deeper, suggesfing the presence of deeper acfive roots in diverse mixtures, Higher
competlition for waler in the shallow soil in diverse mixiures could have promoled a differentiation
in root depth between species. Mechanisms of complementarity by niche differentiation could
involve better resource partitioning and increased water usa efficiency, resulting in highar drought
resistance for high diversily mixtures (Cardinale el al., 2007; Verheyen et al., 2008).

Dwring the recovery period after drought, biomass and WUE of droughled-mixtures reached the
same levels as the control (Fig. 2c, 2g), which highlights a strong and fast capacity of recovery
in terms of biomass production and WUE. However, diversity treatments had no significant effect
on biomass production or WUE during the recovery period.

The belowground species complementarity seems to appear for high levels of diversity (5 spe-
cies) and could involve a better resistance lo stress. However for the 5 species mixtures we obser-
ved a decrease of species richness o 3 or 4 species during the recovery period due to species
mortality (low or absence of recovery for Fesfuca arundinacea and Trifolium repens). The obser-
vation of a positive diversily effect at the community level for the 5 species mixlures should be
miligated by this mortality observed alt the species level,

IV — Conclusions

Our experiment shows that a buffering effect of species diversity during drought occurs for WUE
of the 5-species mixtures, possibly due to below-ground niche differentiation. However this effect
was transitory as it disappeared during the recovery period. Finally our results highlighted the
high capacity of grass mixtures to recover afler an extreme drought, although some species like
Festuca arundinacea or Trifofium repens did not. Further analyses will explore differential specif-
ic response of the mixtures to drought and after rehydration.
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